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Department of Defense Appropriations Act, 2017

Research, Development, Test and Evaluation, Navy

For expenses necessary for basic and applied scientific research, development, test and evaluation, including maintenance, rehabilitation, lease,
and operation of facilities and equipment, $17,354,624,000, to remain available for obligation until September 30, 2017.
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Department of Defense
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Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority 14 Jan 2016
(Dollars in Thousands)

FY 2015 FY 2016 FY 2016 FY 2016 FY 2017 FY 2017 FY 2017
Appropriation (Base & 0CO) Base Enacted O0OCO Enacted Total Enacted Base 0co Total
Research, Development, Test & Eval, Navy 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624
Total Research, Development, Test & Evaluation 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42
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Department of Defense
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority 14 Jan 2016
(Dollars in Thousands)

FY 2015 FY 2016 FY 2016 FY 2016 FY 2017 FY 2017 FY 2017

Summary Recap of Budget Activities (Base & 0CO) Base Enacted O0OCO Enacted Total Enacted Base 0co Total
Basic Research 634,410 671,875 671,875 542,970 542,970
Applied Research 855,861 965,872 965,872 861,151 861,151
Advanced Technology Development 625,631 696,226 696,226 736,988 736,988
Advanced Component Development & Prototypes 4,357,168 5,022,272 5,022,272 4,662,867 41,897 4,704,764
System Development & Demonstration 5,119,875 6,274,796 6,274,796 6,025,655 6,025,655
Management Support 1,278,299 918,223 918,223 853,736 853,736
Operational Systems Development 3,196,179 3,561,983 35,747 3,597,730 3,592,934 36,426 3,629,360

Total Research, Development, Test & Evaluation 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624
Summary Recap of FYDP Programs
Strategic Forces 140,959 164,143 164,143 196,948 196,948
General Purpose Forces 1,292,908 1,326,178 1,326,178 1,447,043 1,447,043
Intelligence and Communications 754,576 719,253 719,253 713,042 713,042
Research and Development 12,620,194 14,380,627 14,380,627 13,638,282 41,897 13,680,179
Central Supply and Maintenance 60,896 28,506 28,506 52,526 52,526
Administration and Associated Activities 137 355 355
Classified Programs 1,197,753 1,492,185 35,747 1,527,932 1,228,460 36,426 1,264,886

Total Research, Development, Test & Evaluation 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42
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Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority 14 Jan 2016
(Dollars in Thousands)

FY 2015 FY 2016 FY 2016 FY 2016 FY 2017 FY 2017 FY 2017

Summary Recap of Budget Activities (Base & 0CO) Base Enacted O0OCO Enacted Total Enacted Base 0co Total
Basic Research 634,410 671,875 671,875 542,970 542,970
Applied Research 855,861 965,872 965,872 861,151 861,151
Advanced Technology Development 625,631 696,226 696,226 736,988 736,988
Advanced Component Development & Prototypes 4,357,168 5,022,272 5,022,272 4,662,867 41,897 4,704,764
System Development & Demonstration 5,119,875 6,274,796 6,274,796 6,025,655 6,025,655
Management Support 1,278,299 918,223 918,223 853,736 853,736
Operational Systems Development 3,196,179 3,561,983 35,747 3,597,730 3,592,934 36,426 3,629,360

Total Research, Development, Test & Evaluation 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624
Summary Recap of FYDP Programs
Strategic Forces 140,959 164,143 164,143 196,948 196,948
General Purpose Forces 1,292,908 1,326,178 1,326,178 1,447,043 1,447,043
Intelligence and Communications 754,576 719,253 719,253 713,042 713,042
Research and Development 12,620,194 14,380,627 14,380,627 13,638,282 41,897 13,680,179
Central Supply and Maintenance 60,896 28,506 28,506 52,526 52,526
Administration and Associated Activities 137 355 355
Classified Programs 1,197,753 1,492,185 35,747 1,527,932 1,228,460 36,426 1,264,886

Total Research, Development, Test & Evaluation 16,067,423 18,111,247 35,747 18,146,994 17,276,301 78,323 17,354,624

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42
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Appropriation:
Program

Line Element
No Number

1 0601103N

2 0601152N

3 0601153N
Basic

4 0602114N

5 0602123N

6 0602131M

7 0602235N

8 0602236N

9 0602271N

10 0602435N

11 0602651M

12 0602747N

13 0602750N

14 0602782N

15 0602898N

Appli

1319N Research, Development, Test & E

Item

University Research Initiatives

In-House Laboratory Independent
Research

Defense Research Sciences
Research

Power Projection Applied Research
Force Protection Applied Research

Marine Corps Landing Force
Technology

Common Picture Applied Research

Warfighter Sustainment Applied
Research

Electromagnetic Systems Applied
Research

Ocean Warfighting Environment
Applied Research

Joint Non-Lethal Weapons Applied
Research

Undersea Warfare Applied Research

Future Naval Capabilities Applied
Research

Mine and Expeditionary Warfare
Applied Research

Science and Technology Management -

ONR Headquarters

ed Research

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

val, Navy

FY 2015 FY 2016 FY 2016 FY 2016
Act (Base & 0OCO) Base Enacted OCO Enacted Total Enacted
01 129,331 146,196 146,196
01 18,997 19,126 19,126
01 486,082 506,553 506,553
634,410 671,875 671,875
02 94,944 87,223 87,223
02 159,556 178,616 178,616
02 44,629 51,643 51,643
02 44,874 42,538 42,538
02 46,202 45,047 45,047
02 102,750 114,644 114,644
02 62,643 72,252 72,252
02 5,728 6,114 6,114
02 88,204 150,839 150,839
02 171,992 179,538 179,538
02 34,339 37,418 37,418
02
855,861 965,872 965,872

R-1C1: FY 2017 President"s Budget (Published Version of

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

542,970
41,371
158,745

51,590

41,185

45,467

118,941

42,618

6,327

126,313

165,103

33,916

14 Jan 2016

FY 2017
0CO

FYy 2017
Total

(e )

542,970
41,371 U
158,745 U

51,590 U

41,185 U

45,467 U

118,941 U

42,618 U

6,327 U

126,313 U

165,103 U

33,916 U

Volume 1 - x




Appropriation:

Program
Line Element
No Number

16 0603114N
17 0603123N

18 0603271N

19 0603640M

20 0603651M

21 0603673N

22 0603680N

23 0603729N

24 0603747N

25 0603758N

26 0603782N

1319N Research, Development, Test & Eval,

Item Act

Power Projection Advanced Technology 03

Force Protection Advanced Technology 03

Electromagnetic Systems Advanced 03
Technology
USMC Advanced Technology 03

Demonstration (ATD)

Joint Non-Lethal Weapons Technology 03
Development

Future Naval Capabilities Advanced 03
Technology Development

Manufacturing Technology Program 03
Warfighter Protection Advanced 03
Technology

Undersea Warfare Advanced Technology 03

Navy Warfighting Experiments and 03
Demonstrations
Mine and Expeditionary Warfare 03

Advanced Technology

Advanced Technology Development

27 0603207N

28 0603216N

29 0603237N

30 0603251N

31 0603254N

Air/Ocean Tactical Applications 04
Aviation Survivability 04
Deployable Joint Command and 04
Control

Aircraft Systems 04
ASW Systems Development 04

R-1C1: FY 2017 President"s Budget (Published Version of

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

Navy

FY 2015

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

36,651
25,148

62,860

125,696

11,163

257,806

39,374

9,639

55,363

39,669
4,280

2,991

14,270

7,602

FY 2016

36,971
38,044

34,856

131,490

12,745

265,562

57,074

36,299

13,748

65,946

26,643

5,551

FY 2016 FY 2016

36,971
38,044

34,856

131,490

12,745

265,562

57,074

36,299

13,748

65,946

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

96,406
48,438

26,421

140,416

13,117

249,092

56,712

4,789

25,880

60,550

1,519

7,041

14 Jan 2016

FYy 2017
Total

(e )

96,406 U
48,438 U

26,421 U

140,416 U

13,117 U

249,092 U

56,712 U

4,789 U

25,880 U

60,550 U

1,519 U

7,041 U

Volume 1 - xi




Appropriation:

Program
Line Element
No Number

32 0603261N
33 0603382N

34 0603502N

35 0603506N
36 0603512N
37 0603525N
38 0603527N
39 0603536N
40 0603542N
41 0603553N

42 0603561N

43 0603562N
44 0603563N

45 0603564N

46 0603570N
47 0603573N
48 0603576N
49 0603581N
50 0603582N

51 0603595N

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

Tactical Airborne Reconnaissance
Advanced Combat Systems Technology

Surface and Shallow Water Mine
Countermeasures

Surface Ship Torpedo Defense
Carrier Systems Development
PILOT FISH

RETRACT LARCH

RETRACT JUNIPER

Radiological Control

Surface ASW

Advanced Submarine System
Development

Submarine Tactical Warfare Systems
Ship Concept Advanced Design

Ship Preliminary Design &
Feasibility Studies

Advanced Nuclear Power Systems
Advanced Surface Machinery Systems
CHALK EAGLE

Littoral Combat Ship (LCS)

Combat System Integration

Ohio Replacement

Act

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

R-1C1: FY 2017 President"s Budget (Published Version of

FY 2015
5,870
1,582

83,793

56,802
5,954
140,841
29,725
79,059
667
1,020

65,913

7,986
17,831

8,007

499,961
20,357
529,885
80,199
20,741

833,274

FY 2016
3,080
1,631

90,472

71,300
8,348
122,939
28,803
112,604
710
1,096

85,834

10,371
10,459

3,332

482,040
24,143
511,651
91,416
32,561

971,393

FY 2016
(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

FY 2016
3,080
1,631

90,472

71,300
8,348
122,939
28,803
112,604
710
1,096

85,834

10,371
10,459

3,332

482,040
24,143
511,651
91,416
32,561

971,393

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

3,274
57,034

165,775

87,066
7,605
132,068
14,546
115,435
702
1,081

100,565

8,782
14,590

15,805

453,313
36,655
367,016
51,630
23,530

700,811

FY 2017
0CO

3,907

FY 2017

14 Jan 2016

(e )

Total

3,274 U
57,034 U

165,775 U

87,066 U
7,605 U
132,068 U
18,453 U
115,435 U
702 U
1,081 U

100,565 U

8,782 U
14,590 U

15,805 U

453,313 U
36,655 U
367,016 U
51,630 U
23,530 U

700,811 U

Volume 1 - xii




Appropriation: 1319N Research, Development,

Line
No

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Program
Element
Number

0603596N
0603597N
0603599N
0603609N
0603611M

0603635M

0603654N

0603658N

0603713N

0603721N
0603724N
0603725N
0603734N
0603739N
0603746N
0603748N
0603751N
0603764N
0603787N

0603790N

Item

LCS Mission Modules

Automated Test and Analysis
Frigate Development
Conventional Munitions

Marine Corps Assault Vehicles

Marine Corps Ground Combat/Support
System

Joint Service Explosive Ordnance
Development

Cooperative Engagement

Ocean Engineering Technology
Development

Environmental Protection
Navy Energy Program
Facilities Improvement
CHALK CORAL

Navy Logistic Productivity
RETRACT MAPLE

LINK PLUMERIA

RETRACT ELM

LINK EVERGREEN

Special Processes

NATO Research and Development

Act

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

R-1C1: FY 2017 President"s Budget (Published Version of

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

Test & Eval, Navy

FY 2015
172,602

7,816

7,603
101,175

1,241

22,274

41,158

6,127

13,200
62,412
2,588
162,900
3,355
346,830
260,179
32,889
44,894
24,336

8,659

FY 2016
203,143
23,000
30,000
7,678
212,173

378

15,329

73,786

4,520

19,289
56,391
3,726
174,771
3,866
359,856
237,376
37,700
47,312
17,392

8,320

FY 2016
(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

FY 2016
203,143
23,000
30,000
7,678
212,173

378

15,329

73,786

4,520

19,289
56,391
3,726
174,771
3,866
359,856
237,376
37,700
47,312
17,392

8,320

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

84,900
8,342
158,682

1,303

46,911

4,556

20,343
52,479
5,458
245,860
3,089
323,526
318,497
52,834
48,116
13,619

9,867

14 Jan 2016

FYy 2017
Total

(e )

84,900 U
8,342 U
158,682 U

1,303 U

46,911 U

4,556 U

20,343 U
52,479 U
5,458 U
245,860 U
3,089 U
323,526 U
318,497 U
52,834 U
48,116 U
13,619 U

9,867 U

Volume 1 - xiii




Appropriation:

Line
No

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Program
Element
Number

0603795N
0603851M

0603860N

0603925N

0604112N

0604122N

0604272N

0604279N
0604292N
0604454N
0604536N

0604653N

0604659N

0604707N

0604786N

0605812M

Item

Land Attack Technology
Joint Non-Lethal Weapons Testing

Joint Precision Approach and
Landing Systems - Dem/Val

Directed Energy and Electric Weapon
Systems

Gerald R. Ford Class Nuclear
Aircraft Carrier (CVN 78 - 80)

Remote Minehunting System (RMS)

Tactical Air Directional Infrared
Countermeasures (TADIRCM)

ASE Self-Protection Optimization
MH-XX

LX (R)

Advanced Undersea Prototyping

Joint Counter Radio Controlled IED
Electronic Warfare (JCREW)

Precision Strike Weapons
Development Program

Space and Electronic Warfare (SEW)
Architecture/Engineering Support

Offensive Anti-Surface Warfare
Weapon Development

Joint Light Tactical Vehicle (JLTV)
Engineering and Manufacturing
Development Ph

Act

04

04

04

04

04

04

04

04

04

04

04

04

04

04

04

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

FY 2015

FY 2016

FY 2016 FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

310
32,955

41,644

54,154

46,308

20,534

5,677

5,121
3,007

32,522

14,987

21,916

181,719

8,970

887
29,444

81,466

41,730

98,105

17,589

18,969

7,874

4,516

75,486

3,790

9,595

20,203

285,849

32,149

887
29,444

81,466

41,730

98,105

17,589

18,969

7,874

4,516

75,486

3,790

9,595

20,203

285,849

32,149

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

6,015
27,904

104,144

32,700

70,528

3,001

34,920

1,620
6,354

78,589

9,910

23,971

252,409

23,197

14 Jan 2016

FYy 2017 FYy 2017
0co Total

(e )

6,015 U
27,904 U

104,144 U

32,700 U

70,528 U

3,001 U

37,990 72,910 U

1,620 U
6,354 U

78,589 U

9,910 U

23,971 U

252,409 U

23,197 U

Volume 1 - xiv




Appropriation:

Program
Line Element
No Number

88 0303354N

89 0304270N

Advanced Component Development & Prototypes

90 0603208N

91 0604212N

92 0604214N

93 0604215N

94 0604216N

95 0604218N

96 0604221N

97 0604230N

98 0604231N

99 0604234N

100 0604245N

101 0604261N

102 0604262N

103 0604264N

104 0604269N

105 0604270N

106 0604273N

107 0604274N

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

ASW Systems Development - MIP

Act

04

Electronic Warfare Development - MIP 04

Training System Aircraft
Other Helo Development
AV-8B Aircraft - Eng Dev
Standards Development

Multi-Mission Helicopter Upgrade
Development

Air/Ocean Equipment Engineering
P-3 Modernization Program
Warfare Support System
Tactical Command System
Advanced Hawkeye

H-1 Upgrades

Acoustic Search Sensors

V-22A

Air Crew Systems Development
EA-18

Electronic Warfare Development
Executive Helo Development

Next Generation Jammer (NGJ)

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

R-1C1: FY 2017 President"s Budget (Published Version of

FY 2015

FY 2016

FY 2016 FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

4,357,168
13,115
34,436
24,558
52,842

11,159

2,126
698
9,050
52,287
171,189
43,469
24,395
50,188
14,503
18,653
27,250
356,567

224,578

5,022,272
17,989
11,101
27,668
53,049

18,858

4,515
1,514
5,875
73,533
217,645
27,235
31,235
76,483
12,665
46,921
20,113
507,093

387,770

5,022,272
17,989
11,101
27,668
53,049

18,858

4,515
1,514
5,875
73,533
217,645
27,235
31,235
76,483
12,665
46,921
20,113
507,093

387,770

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

4,662,867
19,938
6,268
33,664
1,300

5,275

3,875
1,909
13,237
36,323
363,792
27,441
34,525
174,423
13,577
116,761
48,766
338,357

577,822

FYy 2017
0co Total

14 Jan 2016

FY 2017

(e )

41,897 4,704,764
19,938 U
6,268 U
33,664 U
1,300 U

5,275 U

3,875 U
1,909 U
13,237 U
36,323 U
363,792 U
27,441 U
34,525 U
174,423 U
13,577 U
116,761 U
48,766 U
338,357 U

577,822 U

Volume 1 - xv




Appropriation:

Program
Line Element
No Number

108 0604280N

109 0604282N

110 0604307N

111 0604311N
112 0604329N
113 0604366N
114 0604373N

115 0604376M

116 0604378N

117 0604404N

118 0604501N
119 0604503N
120 0604504N
121 0604512N
122 0604518N

123 0604522N

124 0604558N

Item

Act

Joint Tactical Radio System - Navy 05

(JTRS-Navy)

Next Generation Jammer (NGJ) 05
Increment 11

Surface Combatant Combat System 05
Engineering

LPD-17 Class Systems Integration 05
Small Diameter Bomb (SDB) 05
Standard Missile Improvements 05
Airborne MCM 05
Marine Air Ground Task Force 05
(MAGTF) Electronic Warfare (EW) for
Aviation

Naval Integrated Fire Control - 05

Counter Air Systems Engineering

Unmanned Carrier Launched Airborne 05
Surveillance and Strike (UCLASS)

System

Advanced Above Water Sensors 05

SSN-688 and Trident Modernization 05

Air Control

05

Shipboard Aviation Systems 05

Combat Information Center Conversion 05

Air and Missile Defense Radar 05

(AMDR) System

New Design SSN

05

R-1C1: FY 2017 President"s Budget (Published Version of

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

FY 2015

FY 2016

6,725 24,985
13,000

178,430 386,576
363 747
53,950 57,144
50,241 115,644
37,831 9,647
9,219 2,778
14,903 23,695
382,542 434,699
19,320 43,914
70,053 109,893
28,669 57,928
120,062 120,217
126,525 232,677
85,787 157,056

FY 2016
(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

747
57,144
115,644
9,647

2,778

23,695

434,699

43,914

109,893

57,928

120,217

232,677

157,056

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

580
97,622
120,561

45,622

25,750

85,868
117,476
47,404
112,158
6,283

144,395

113,013

FY 2017
0CO

14 Jan 2016

FYy 2017
Total

(e )

580 U
97,622 U
120,561 U

45,622 U

25,750 U

85,868 U
117,476 U
47,404 U
112,158 U

6,283 U

144,395 U

113,013 U
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UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget

Total Obligational Authority 14 Jan 2016
(Dollars in Thousands)
Appropriation: 1319N Research, Development, Test & Eval, Navy
Program S
Line Element FY 2015 FY 2016 FY 2016 FY 2016 FY 2017 FY 2017 FY 2017 e
No Number Item Act (Base & 0OCO) Base Enacted OCO Enacted Total Enacted Base 0co Total c
125 0604562N Submarine Tactical Warfare System 05 37,768 52,713 52,713 43,160 43,160 U
126 0604567N Ship Contract Design/ Live Fire T&E 05 39,459 38,925 38,925 65,002 65,002 U
127 0604574N Navy Tactical Computer Resources 05 3,884 4,096 4,096 3,098 3,098 U
128 0604580N  Virginia Payload Module (VPM) 05 106,223 167,719 167,719 97,920 97,920 U
129 0604601N Mine Development 05 10,962 15,122 15,122 10,490 10,490 U
130 0604610N Lightweight Torpedo Development 05 39,664 43,738 43,738 20,178 20,178 U
131 0604654N Joint Service Explosive Ordnance 05 8,978 8,123 8,123 7,369 7,369 U
Development
132 0604703N Personnel, Training, Simulation, 05 5,925 7,686 7,686 4,995 4,995 U
and Human Factors
133 0604727N Joint Standoff Weapon Systems 05 4,389 405 405 412 412 U
134 0604755N  Ship Self Defense (Detect & Control) 05 64,704 145,336 145,336 134,619 134,619 U
135 0604756N ib:?)Self Defense (Engage: Hard 05 94,534 86,811 86,811 114,475 114,475 U
i
136 0604757N Ship Self Defense (Engage: Soft 05 107,319 105,416 105,416 114,211 114,211 U
KillZEW)
137 0604761N Intelligence Engineering 05 200 2,053 2,053 11,029 11,029 U
138 0604771IN  Medical Development 05 26,589 25,291 25,291 9,220 9,220 U
139 0604777N Navigation/ID System 05 28,952 32,456 32,456 42,723 42,723 U
140 0604800M  Joint Strike Fighter (JSF) - EMD 05 487,940 537,901 537,901 531,426 531,426 U
141 0604800N  Joint Strike Fighter (JSF) - EMD 05 486,978 504,736 504,736 528,716 528,716 U
142 0604810M  Joint Strike Fighter Follow On 05 10,086 20,798 20,798 74,227 74,227 U

Development - Marine Corps

R-1C1: FY 2017 President"s Budget (Published Version of

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED
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Appropriation:

Line
No

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

Program
Element
Number

0604810N

0605013M
0605013N
0605024N
0605212N
0605215N
0605217N
0605220N
0605327N

0605414N

0605450N

0605500N

0605504N

0204202N
0303167N
0303267N
0304231N
0304785N

0305124N

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

Joint Strike Fighter Follow On
Development - Navy

Information Technology Development
Information Technology Development
Anti-Tamper Technology Support
CH-53K RDTE

Mission Planning

Common Avionics

Ship to Shore Connector (SSC)

T-A0 (X)

Carrier Based Aerial Refueling
System (CBARS)

Joint Air-to-Ground Missile (JAGM)

Multi-mission Maritime Aircraft
(MMA)

Multi-Mission Maritime (MMA)
Increment 111

DDG-1000

Pre-Auction Spectrum Relocation Fund

Auctioned Spectrum Relocation Fund
Tactical Command System - MIP
Tactical Cryptologic Systems

Special Applications Program

Act

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

05

R-1C1: FY 2017 President"s Budget (Published Version of

FY 2015

538,192

41,616

6,104

297,380

196,987
1,569
4,569
1,011

10,157

73,975

FY 2016

592,317

7,778

25,898

156,293

91,616

103,179

998
17,785

35,905

FY 2016
(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

FY 2016

592,317

7,778

25,898

156,293

91,616

103,179

998
17,785

35,905

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017 FYy 2017
Base 0co

4,856
97,066
2,500
404,810
33,570
51,599
11,088
1,095

89,000

17,880

59,126

182,220

45,642

676
36,747

35,002

14 Jan 2016

FYy 2017
Total

(e )

4,856 U
97,066 U
2,500 U
404,810 U
33,570 U
51,599 U
11,088 U
1,095 U

89,000 U

17,880 U

59,126 U

182,220 U

45,642 U

676 U
36,747 U

35,002 U
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Appropriation:

Line
No

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

Program
Element
Number

0306250M

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

Cyber Operations Technology
Development

System Development & Demonstration

0604256N

0604258N

0604759N

0605126N

0605152N

0605154N

0605285N

0605502N

0605804N

0605853N

0605856N

0605861N

0605863N

0605864N

0605865N

0605866N

Threat Simulator Development
Target Systems Development
Major T&E Investment

Joint Theater Air and Missile
Defense Organization

Studies and Analysis Support - Navy

Center for Naval Analyses

Next Generation Fighter

Small Business Innovative Research

Technical Information Services

Management, Technical &
International Support

Strategic Technical Support

RDT&E Science and Technology
Management

RDT&E Ship and Aircraft Support
Test and Evaluation Support

Operational Test and Evaluation
Capability

Navy Space and Electronic Warfare

(SEW) Support

Act

05

06

06

06

06

06

06

06

06

06

06

06

06

06

06

06

06

R-1C1: FY 2017 President"s Budget (Published Version of

FY 2015

FY 2016

FY 2016 FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

5,119,875
40,178
66,251

121,108

4,800

3,412
43,054
4,794
325,429
1,290

83,789

2,500

72,943

127,634
335,791

16,423

2,992

6,274,796
30,769
71,152
61,234

6,995

4,011
47,071

5,000

925

83,024

3,258

76,948

132,122
351,912

17,985

5,316

6,274,796
30,769
71,152
61,234

6,995

4,011
47,071

5,000

925

83,024

3,258

76,948

132,122
351,912

17,985

5,316

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

6,025,655
16,633
36,662
42,109

2,998

3,931
46,634

1,200

903

87,077

3,597

62,811

106,093
349,146

18,160

9,658

FY 2017
0CO

14 Jan 2016

FYy 2017
Total

6,025,655
16,633
36,662
42,109

2,998

3,931
46,634

1,200

903

87,077

3,597

62,811

106,093
349,146

18,160

9,658

(e )
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Appropriation:

Program
Line Element
No Number

179 0605867N

180 0605873M

181 0605898N
182 0606355N
183 0909980N

184 0909999N

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

SEW Surveillance/Reconnaissance
Support

Marine Corps Program Wide Support
Management HQ - R&D

Warfare Innovation Management
Judgment Fund Reimbursement

Financing for Cancelled Account
Adjustments

Management Support

186 0604402N

187 0605525N

188 0607658N

189 0607700N

190 0101221N

191 0101224N

192 0101226N

193 0101402N

194 0203761IN

195 0204136N

Unmanned Combat Air Vehicle (UCAV)
Advanced Component and Prototype
Development

Carrier Onboard Delivery (COD)
Follow On

Cooperative Engagement Capability
(CEC)

Deployable Joint Command and Control

Strategic Sub & Weapons System
Support

SSBN Security Technology Program

Submarine Acoustic Warfare
Development

Navy Strategic Communications
Rapid Technology Transition (RTT)

F/A-18 Squadrons

Act

06

06

06

06

06

06

07

07

07

07

07

07

07

07

07

R-1C1: FY 2017 President"s Budget (Published Version of

FY 2015

FY 2016

FY 2016 FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

1,278,299

35,309

8,873

93,912

29,146

4,366

13,535
8,323

84,976

918,223

96,404

46,481

4,700

16,558
8,632

135,755

918,223

96,404

46,481

4,700

16,558
8,632

135,755

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

22,247
16,254

21,123

853,736

84,501

2,970

136,556

33,845

9,329

17,218

189,125

14 Jan 2016

FY 2017
0CO

FYy 2017
Total

853,736

84,501

2,970

136,556

33,845

9,329

17,218

189,125

(e )
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XX




Appropriation:

Program
Line Element
No Number

196 0204163N
197 0204228N

198 0204229N

199 0204311N

200 0204413N

201 0204460M

202 0204571N

203 0204574N

204 0204575N

205 0205601N
206 0205604N

207 0205620N

208 0205632N
209 0205633N
210 0205675N
211 0206313M

212 0206335M

R-1C1: FY 2017 President"s Budget (Published Version

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority
(Dollars in Thousands)

1319N Research, Development, Test & Eval, Navy

Item

Fleet Telecommunications (Tactical)
Surface Support

Tomahawk and Tomahawk Mission
Planning Center (TMPC)

Integrated Surveillance System

Amphibious Tactical Support Units
(Displacement Craft)

Ground/Air Task Oriented Radar (G/
ATOR)

Consolidated Training Systems
Development

Cryptologic Direct Support

Electronic Warfare (EW) Readiness
Support

HARM Improvement
Tactical Data Links

Surface ASW Combat System
Integration

MK-48 ADCAP

Aviation Improvements

Operational Nuclear Power Systems
Marine Corps Communications Systems

Common Aviation Command and Control
System (CAC2S)

Act

07

07

07

07

07

07

07

07

07

07
07

07

07

07

07

07

07

of

FY 2015

FY 2016

FY 2016 FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

26,333
3,000

25,543

72,315

5,522

90,577

38,359

1,627

15,993

17,377
135,582

25,567

25,920
83,083
104,023
82,576

31,568

41,538
36,045

25,227

49,587

11,335

65,598

34,325

1,915

46,403

23,708
142,361

24,435

47,703
106,255
101,323

77,909

13,431

41,538
36,045

25,227

49,587

11,335

65,598

34,325

1,915

46,403

23,708
142,361

24,435

47,703
106,255
101,323

77,909

13,431

PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017
Base

48,225
21,156

71,355

58,542

13,929

83,538

38,593

1,122

99,998

48,635
124,785

24,583

39,134
120,861
101,786

82,159

11,850

14 Jan 2016

FYy 2017
Total

(e )

48,225 U
21,156 U

71,355 U

58,542 U

13,929 U

83,538 U

38,593 U

1,122 U

99,998 U

48,635 U
124,785 U

24,583 U

39,134 U
120,861 U
101,786 U

82,159 U

11,850 U
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Appropriation:

Line
No

213

214

215

216

217

218

219

223

224

225

227

228

229

230

231

232

233

Program
Element
Number

0206623M

0206624M

0206625M

0206629M
0207161N

0207163N

0219902M

0303109N

0303138N

0303140N

0305160N

0305192N

0305204N
0305205N

0305208M

0305208N

0305220N

1319N Research, Development, Test & Eval,

Item Act

Marine Corps Ground Combat/ 07
Supporting Arms Systems

Marine Corps Combat Services Support 07

USMC Intelligence/Electronic 07
Warfare Systems (MIP)

Amphibious Assault Vehicle 07
Tactical AIM Missiles 07
Advanced Medium Range Air-to-Air 07
Missile (AMRAAM)

Global Combat Support System - 07
Marine Corps (GCSS-MC)

Satellite Communications (SPACE) 07
Consolidated Afloat Network 07

Enterprise Services (CANES)
Information Systems Security Program 07

Navy Meteorological and Ocean 07
Sensors-Space (METOC)

Military Intelligence Program (MIP) 07
Activities

Tactical Unmanned Aerial Vehicles 07

UAS Integration and Interoperability 07

Distributed Common Ground/Surface 07
Systems
Distributed Common Ground/Surface 07
Systems
MQ-4C Triton 07

UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget

Exhibit R-1 FY 2017 President”"s Budget

Total Obligational Authority
(Dollars in Thousands)

Navy

FY 2015

FY 2016

FY 2016

FY 2016

(Base & 0CO) Base Enacted O0OCO Enacted Total Enacted

18,185

16,178

87,940
36,361

9,820

34,716

24,137

22,655

356

6,166

8,505

10,916

18,146

419,242

19,955

12,671

45,110
71,016

32,172

47,312

21,667

28,081

599

6,207

8,550
41,831

1,105

23,149

227,118

19,955

12,671

45,110
71,016

32,172

47,312

21,667

28,081

599

6,207

8,550
41,831

1,105

23,149

227,118

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42

UNCLASSIFIED

FY 2017 FYy 2017
Base 0co

38,020
56,285

40,350

9,128

37,372

23,541

38,510

6,019

8,436
36,509

2,100

44,571

111,729

14 Jan 2016

FYy 2017
Total

(e )

13,194 U

17,171 U

38,020 U
56,285 U

40,350 U

9,128 U

37,372 U

23,541 U

38,510 U

6,019 U

8,436 U
36,509 U

2,100 U

44,571 U

111,729 U
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UNCLASSIFIED

Department of the Navy
FY 2017 President"s Budget
Exhibit R-1 FY 2017 President”"s Budget
Total Obligational Authority 14 Jan 2016
(Dollars in Thousands)

Appropriation: 1319N Research, Development, Test & Eval, Navy

Program S
Line Element FY 2015 FY 2016 FY 2016 FY 2016 FY 2017 FY 2017 FY 2017 e
No Number Item Act (Base & 0OCO) Base Enacted OCO Enacted Total Enacted Base 0co Total c
234 0305231N MQ-8 UAV 07 43,294 52,770 52,770 26,518 26,518 U
235 0305232M  RQ-11 UAV o7 682 635 635 418 418 U
236 0305233N RQ-7 UAV 07 851 688 688 716 716 U
237 0305234N Small (Level 0) Tactical UAS 07 4,813 4,647 4,647 5,071 5,071 U
(STUASLO)
238 0305239M  RQ-21A o7 7,782 6,251 6,251 9,497 9,497 U
239 0305241IN  Multi-Intelligence Sensor 07 17,751 39,645 39,645 77,965 77,965 U
Development
240 0305242M Unmanned Aerial Systems (UAS) 07 1,900 9,246 9,246 11,181 11,181 U
Payloads (MIP)
241 0305421IN  RQ-4 Modernization 07 30,000 129,892 129,892 181,266 181,266 U
242 0308601N Modeling and Simulation Support 07 4,556 4,757 4,757 4,709 4,709 U
243 0702207N Depot Maintenance (Non-1IF) 07 20,678 24,185 24,185 49,322 49,322 U
244 0708011N Industrial Preparedness 07 36,031 U
245 0708730N Maritime Technology (MARITECH) 07 4,187 4,321 4,321 3,204 3,204 U
9999 9999999999 Classified Programs 1,197,753 1,492,185 35,747 1,527,932 1,228,460 36,426 1,264,886 U
Operational Systems Developrent 3,196,179 3,561,983 3,597,730 3,592,934 3,629,360
Total Research, Developrent, Test & Eval, Navy 16,067,423 18,111,247 18,146,994 17,276,301 78,323 17,354,624

R-1C1: FY 2017 President"s Budget (Published Version of PB Position), as of January 14, 2016 at 09:41:42
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Navy ¢ President's Budget Submission FY 2017 « RDT&E Program

Master Program Element Table of Contents (by Budget Activity then Line Item Number)

Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
1 01 0601103N University Research INitiatives............ooiiiiiii e Volume 1 - 1
2 01 0601152N In-House Lab Independent RES.........c..oiiiiiiiiiiiie e Volume 1 -9
3 01 0601153N Defense ReSearcCh SCIENCES........ouuiiiiiiiiii e Volume 1 - 19

Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
4 02 0602114N Power Proj Applied RESEAICH..........oouuiiiiiii e Volume 1 - 77
5 02 0602123N Force Protection Applied RES..........uiiiiiiiii e Volume 1 - 91
6 02 0602131M Marine Corps Lndg FOrce TECN.......couuiiiiiie e Volume 1 - 115
7 02 0602235N Common Picture Applied ReSearch...........cccooiuiiiiii e Volume 1 - 141
8 02 0602236N Warfighter Sustainment Applied ReS.........coooiiiiii e Volume 1 - 163
9 02 0602271N Electromagnetic Systems Applied Research.............ccooiiiiiiiiiiiii e Volume 1 - 183
10 02 0602435N Ocean Wrfghtg Env Applied ReES.........uiiiiiiiiie e Volume 1 - 211
UNCLASSIFIED
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Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
11 02 0602651M JT Non-Lethal Wpns Applied RES.......ccoiiiiiiiiiii et Volume 1 - 227
12 02 0602747N Undersea Warfare Applied RES........oooiiiiiii e Volume 1 - 231
13 02 0602750N (U)Future Naval Capabilities Applied Research.............cccoviiiiiiiiiiiii e Volume 1 - 245
14 02 0602782N Mine & Exp Warfare Applied ResS..........ooiiiiiiiiiii e Volume 1 - 291
15 02 0602898N (U)Science & Tech Management - ONR Headquarters...........ccccooviiieeiiniie e, Volume 1 - 303

Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
16 03 0603114N Power Projection Advanced TechnolOgy.........ccoiuiiiiiiiiiiii e Volume 1 - 307
17 03 0603123N Force Protection Advanced TeChnolOgy..........c..ooiiiiiiiiiiiiiiiii e Volume 1 - 313
18 03 0603271N Electromagnetic Systems Advanced Technology...........cccouruiiiiiiiiiiieiiiiieee e Volume 1 - 323
19 03 0603640M MC Advanced Technology DemMO...........uuiiiiiiiiiiiiie e Volume 1 - 335
20 03 0603651M JT Non-Lethal WPNS TECh DEV........uuiiiiiiiiiii e Volume 1 - 367
21 03 0603673N (U)Future Naval Capabilities Advanced Tech DevV..........cccceviiiiiiiiiiiie e Volume 1 - 373
22 03 0603680N (U)Manufacturing Technology Program............o..eeee i Volume 1 - 421
23 03 0603729N Warfighter Protection AdV TeCh.........ooi e Volume 1 - 431
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Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
24 03 0603747N Undersea Warfare Advanced TECN.........cooiiiiiiiiiiii e Volume 1 - 439
25 03 0603758N Navy Warfighting EXP & DEMO........oiiiiiiiiiii e Volume 1 - 445
26 03 0603782N Mine and Expeditionary Warfare Advanced Technology..........ccccocieiiiiiininiiienennieenn. Volume 1 - 453

Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
27 04 0603207N Air/Ocean Tactical APPlICAtIONS. .......coiiuiiiiiiie e Volume 2 - 1
28 04 0603216N AVIation SUMVIVADITILY........eieiii e e Volume 2 - 73
29 04 0603237N Deployable JT Cmd & CONMrOl..........ooiiiiiiiieiiiie e Volume 2 - 107
30 04 0603251N (U)AIRCRAFT SYSTEMS ...ttt ettt et e e nee e e nneeeeneens Volume 2 - 115
31 04 0603254N ASW Systems DevelOpmMENT.........cuuiiii e Volume 2 - 135
32 04 0603261N Tactical Airborne ReCoNN@ISSANCE. .........ccoiiiiiiiiiiiiie e Volume 2 - 149
33 04 0603382N Advanced Combat Systems TECN.......ccoiiiiiiiiie e e Volume 2 - 159
34 04 0603502N Surface & Shallow Water MCM.........ccooiiiiiiii e Volume 2 - 203
35 04 0603506N Surface Ship Torpedo Defense. ..o Volume 2 - 277
36 04 0603512N Carrier Systems Development....... ..o Volume 2 - 291
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Appropriation 1319: Research, Development, Test & Evaluation, Navy

Line # Budget Activity Program Element Number Program Element Title Page
37 04 0603525N (8 ) | T I 15 SR Volume 2 - 309
38 04 0603527N (U)RETRACT LARCH. ...ttt sttt e nee e s nee e s s e e anteeeaneeeenneens Volume 2 - 311
39 04 0603536N (U)RETRACT JUNIPER.... ..ottt e e e e snte e snaeeeteeesneeennneean Volume 2 - 313
40 04 0603542N (RE=To o] [oTo [ oz= 1 I @7 ] o1 1] FE PSR Volume 2 - 315
41 04 0603553N ST = Lo N TS Volume 2 - 341
42 04 0603561N Advanced Submarine System Development............coooiiiiiiiiiiiiei e Volume 2 - 349
43 04 0603562N Submarine Tactical Warfare SysS..........cooiiiiiiii e Volume 2 - 395
44 04 0603563N Ship Concept Advanced DesSign.........cooouiii i Volume 2 - 419
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Exhibit R-2, RDT&E Budget Item Justification: PB 2017 Navy

Date: February 2016

Appropriation/Budget Activity

1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic

R-1 Program Element (Number/Name)
PE 0601103N / University Research Initiatives

Research
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
Total Program Element 0.000 129.331 146.196 101.714 - 101.714 120.481 118.351 118.388 118.397| Continuing| Continuing
0000: University Research 0.000 109.991 116.196 101.714 - 101.714 120.481 118.351 118.388 118.397| Continuing| Continuing
Initiatives
9999: Congressional Adds 0.000 19.340 30.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 49.340

A. Mission Description and Budget Item Justification

This program includes support for multidisciplinary basic research in a wide range of scientific and engineering disciplines that enable the U.S. Navy to maintain
technological superiority, and for university research infrastructure to acquire research instrumentation needed to maintain and improve the quality of university
research important to the Navy. Multidisciplinary University Research Initiative (MURI) efforts involve teams of researchers investigating high priority topics and
opportunities that intersect more than one traditional technical discipline. For many military problems this multidisciplinary approach serves to stimulate innovation,
accelerate research progress and expedite transition of results into Naval applications. The Defense University Research Instrumentation Program (DURIP) supports
university research infrastructure essential to high quality, Navy-relevant research. The instrumentation program complements other Navy research programs by
supporting the purchase of high cost research instrumentation that is necessary to carry out cutting-edge research. The program supports Presidential Early Career
Awards for Scientists and Engineers (PECASE), single investigator research efforts performed by outstanding academic scientists and engineers early in their research
careers. This program provides the knowledge base, scientific concepts, and technological advances for the maintenance of Naval power and national security.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 133.908 116.196 118.764 - 118.764
Current President's Budget 129.331 146.196 101.714 - 101.714
Total Adjustments -4.577 30.000 -17.050 - -17.050

» Congressional General Reductions - -

» Congressional Directed Reductions - -

» Congressional Rescissions - -

» Congressional Adds - 30.000

» Congressional Directed Transfers - -

* Reprogrammings - -

* SBIR/STTR Transfer -4.577 0.000

* Program Adjustments 0.000 0.000 -2.145 - -2.145

» Rate/Misc Adjustments 0.000 0.000 -14.905 - -14.905
PE 0601103N: University Research Initiatives UNCLASSIFIED | v =
Navy Page 1 of 8 R-1 Line #1 oume--
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Exhibit R-2, RDT&E Budget Item Justification: PB 2017 Navy Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic PE 0601103N / University Research Initiatives
Research
Congressional Add Details ($ in Millions, and Includes General Reductions) FY 2015 FY 2016
Project: 9999: Congressional Adds
Congressional Add: Program Increase 19.340 30.000
Congressional Add Subtotals for Project: 9999 19.340 30.000
Congressional Add Totals for all Projects 19.340 30.000

Change Summary Explanation
The FY 2017 request was reduced by -$12.4 million as required for the Department of the Navy to comply with the Bipartisan Budget Act of 2015.

Technical: N/A

Schedule: N/A

PE 0601103N: University Research Initiatives UNCLASSIFIED
Volume 1 -2
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601103N / University Research

Project (Number/Name)
0000 / University Research Initiatives

Initiatives
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
0000: University Research 0.000 109.991 116.196 101.714 - 101.714 120.481 118.351 118.388 118.397| Continuing| Continuing
Initiatives

A. Mission Description and Budget Item Justification

technological superiority
Navy. MURI
multidisciplinary
research

high cost research
academic scientists and

and national
security.

B. Accomplishments/Planned Programs ($ in Millions)

This project includes support for multidisciplinary basic research in a wide range of scientific and engineering disciplines that are important for maintaining the

efforts involve teams of researchers investigating high priority topics that intersect more than one traditional technical discipline. For many military problems this

of the U.S. Navy, and for university research infrastructure to acquire instrumentation needed to maintain and improve the quality of university research important to the

approach serves to stimulate innovation, accelerate research progress, and expedite transition of results into Naval applications. The DURIP project supports university
infrastructure essential to high quality, Navy-relevant research. The instrumentation project complements other Navy research programs by supporting the purchase of
instrumentation that is necessary to carry out cutting-edge research. The PECASE project supports single-investigator research efforts performed by outstanding

engineers early in their research careers. This project provides the knowledge base, scientific concepts, and technological advances for the maintenance of Naval power

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCoO

FY 2017
Total

completed. DURIP is a one year program.

The decrease in FY2017 reflects a reduction in the number of DURIP awards.

Title: DEFENSE UNIVERSITY RESEARCH INSTRUMENTATION PROGRAM (DURIP)

Description: DURIP funds are provided to universities to purchase relatively high cost research instrumentation
that is normally not included in single-investigator type research grants. Individual grants range from $50K to
$1.5M. The DURIP program is an Office of the Secretary of Defense (OSD) interest item and OSD directs that
funding for the DURIP efforts be awarded after OSD announces the awardees, which typically takes place
towards the second half of the fiscal year. In turn, universities need to purchase the instrumentation and take
delivery before any billings are generated. It frequently takes several months for delivery and billing to be

22.596

23.060

20.557

0.000

20.557

PE 0601103N: University Research Initiatives
Navy
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity

R-1 Program Element (Number/Name)

Project (Number/Name)

1319/ 1 PE 0601103N / University Research 0000 / University Research Initiatives
Initiatives
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base oco Total

FY 2015 Accomplishments:

- Continued competition for research instrumentation awards to universities.

FY 2016 Plans:

- Continue all efforts of FY 2015.

FY 2017 Base Plans:

- Continue all efforts of FY 2016

FY 2017 OCO Plans:

N/A

Title: MULTIDISCIPLINARY UNIVERSITY RESEARCH INITIATIVE (MURI) 78.896 84.459 73.416 0.000 73.416
Description: Research efforts include high priority topics that intersect more than one traditional discipline.

MURI topics are selected to address Naval Science and Technology (S&T) Focus Areas as described in the

Naval S&T Strategic Plan.

The MURI program is an OSD interest item and OSD directs that funding for the MURI efforts be awarded after

OSD announces the awardees, which typically takes place towards the second half of the fiscal year. Since

the MURI program funds academic researchers, execution of the efforts typically ramps up during the summer

academic break months. MURI projects make significant contributions to Navy and DoD objectives by; speeding

up scientific programs by cross-fertilization of ideas, hastening the transition of basic research to practical

applications, and training students in cross-disciplinary approaches to science and engineering research of

importance to DoD. MURI is a five year program.

The increase in funding from FY 2015 to FY 2016 reflects the increased number of topics/awards in FY 2016.

The FY 2017 reduction reflects fewer topics/awards in coordination with OSD.

FY 2015 Accomplishments:

- Continued competition for new MURI awards to address selected high priority Naval S&T areas,

transformational initiatives, and grand challenges, including strategically important DoD research areas.

Approximately eight high priority research topics will be identified for publication in a BAA to solicit proposals.

- Continued MURI projects begun in prior years.

FY 2016 Plans:
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601103N / University Research

Project (Number/Name)
0000 / University Research Initiatives

Initiatives
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base (0070 Total

- Continue all efforts of FY 2015.

FY 2017 Base Plans:

- Continue all efforts of FY 2016

FY 2017 OCO Plans:

N/A

Title: PRESIDENTIAL EARLY CAREER AWARDS (PECASE) 8.499 8.677 7.741 0.000 7.741
Description: PECASE awards are made to academic scientists early in their research careers for extremely

prestigious, single-investigator research in areas of vital importance to the Navy. Awards provide national

recognition and research grants of up to $200K per year for five years. OSD, with policy and oversight

responsibility for the PECASE program, directed that the number of PECASE awards be set at four new awards

per year. PECASE is a five year program.

FY 2015 Accomplishments:

- Selected six outstanding university researchers to receive the five-year PECASE research award to conduct

research of importance to the Navy. - Continued PECASE programs begun in earlier years.

FY 2016 Plans:

- Continue all efforts of FY 2015, and award four new awards per OSD guidance.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, and award four new awards per OSD guidance.

FY 2017 OCO Plans:

N/A

Accomplishments/Planned Programs Subtotals| 109.991| 116.196| 101.714 0.000| 101.714

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

N/A
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy ‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)

1319/ 1 PE 0601103N / University Research 0000 / University Research Initiatives
Initiatives

E. Performance Metrics

This University Research Initiative seeks to improve the quality of defense research conducted by universities and supports the education of engineers and scientists
in disciplines critical to national defense needs. The initiative is a collection of specialized research programs performed by academic research institutions. Individual
project metrics are tailored to the needs of specific applied research and advanced development programs. Example metrics include extending the life of Thermal
Barrier Coatings for transition to the Enterprise and Platform Enablers Future Naval Capability program. It is projected that the life time of Thermal Barrier Coating on
Turbine Blades can be doubled. The National Research Council of the National Academies of Science and Engineering's Congressionally directed "Assessment of
Department of Defense Basic Research" concluded that the DoD is managing its basic research program effectively.
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601103N / University Research

Project (Number/Name)
9999 / Congressional Adds

Initiatives
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
9999: Congressional Adds 0.000 19.340 30.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 49.340

A. Mission Description and Budget Item Justification

This congressional increase furthers the Navy's efforts to support multidisciplinary basic research in a wide range of scientific and engineering disciplines that enable the
U.S. Navy to maintain technological superiority. Through this increase, additional Multidisciplinary University Research Initiative (MURI), Defense University Research
Instrumentation Program (DURIP) and Presidential Early CareerAwards for Scientists and Engineers (PECASE) will be selected and funded.

B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016
Congressional Add: Program Increase 19.340 30.000
FY 2015 Accomplishments: - Expanded the competition for new Multidisciplinary University Research Initiative

(MURI) awards to address selected high priority Naval S&T areas, transformational initiatives, and grand

challenges, including strategically important DoD research areas.

- Expanded the competition for new Defense University Research Instrumentation Program (DURIP) awards to

universities.

- Funded an outstanding university researcher to receive the five-year PECASE research award to conduct

research of importance to the Navy.

FY 2016 Plans: - Expand the competition for new Multidisciplinary University Research Initiative (MURI) awards

to address selected high priority Naval S&T areas, transformational initiatives, and grand challenges, including

strategically important DoD research areas.

- Expand the competition for new Defense University Research Instrumentation Program (DURIP) awards to

universities.

- Fund an outstanding university researcher to receive the five-year Presidential Early Career Award for

Scientists and Engineers (PECASE) research award to conduct research of importance to the Navy.

Congressional Adds Subtotals 19.340 30.000

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

N/A
PE 0601103N: University Research Initiatives UNCLASSIFIED Vo1
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‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601103N / University Research
Initiatives

Project (Number/Name)
9999 / Congressional Adds

E. Performance Metrics

This University Research Initiative seeks to improve the quality of defense research conducted by universities and supports the education of engineers and scientists in

disciplines critical to national defense needs.

PE 0601103N: University Research Initiatives
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Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic PE 0601152N / In-House Lab Independent Res
Research

COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total

Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost

Total Program Element 0.000 18.998 19.126 18.508 - 18.508 19.438 19.434 19.440 19.441| Continuing| Continuing
0000: In-House Lab Independent 0.000 18.603 19.126 18.508 - 18.508 19.438 19.434 19.440 19.441| Continuing| Continuing
Res
9999: Congressional Adds 0.000 0.395 0.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 0.395

A. Mission Description and Budget Item Justification

This program element (PE) sustains U.S. Naval Science and Technology (S&T) superiority by providing new technological concepts for the maintenance of Naval power
and national security, and by helping to avoid scientific surprise while exploiting scientific breakthroughs and providing options for new Future Naval Capabilities (FNCs).
The Department of Navy (DON) component responds to S&T directions of the Naval S&T Strategic Plan for long term Navy and Marine Corps improvements and is

in consonance with future warfighting concepts and doctrine developed at the Naval Warfare Development Command and the Marine Corps Combat Development
Command. It enables technologies that significantly improve the Joint Chiefs of Staff's Future Joint Warfighting Capabilities. The In-house Laboratory Independent
Research (ILIR) program also adds increased emphasis to the revitalization of the scientist and engineer workforce component at the Navy's Warfare Centers and
Laboratories by attracting superior candidates and retaining our best members through the provision of exciting and meaningful work.

This PE addresses DON Basic Research, which includes scientific study and experimentation directed toward increasing knowledge and understanding in national-
security related aspects of physical, engineering, environmental, and life sciences, and is the core of Discovery and Invention. Basic research projects are developed,
managed, and related to more advanced aspects of research in some hundred-plus technology and capability-related 'thrusts’, which are consolidated in thirteen
research focus areas: Power and Energy; Operational Environments; Maritime Domain Awareness; Asymmetric and Irregular Warfare; Information, Analysis and
Communication; Power Projection; Assure Access and Hold at Risk; Distributed Operations; Naval Warfighter Performance and Protection; Survivability and Self-
Defense; Platform Mobility; Fleet/Force Sustainment; Affordability, Maintainability and Reliability.

This portion of the DON Basic Research Program provides participating Naval Warfare Centers and Laboratories with funding for: basic research to support the
execution of their assigned missions; developing and maintaining a cadre of active researchers who can distill and extend results from worldwide research and apply
them to solve Naval problems; promoting hiring and development of new scientists; and encouragement of collaboration with universities, private industry, and other
Navy and Department of Defense laboratories.

ILIR efforts are selected by Naval Warfare Centers/Lab Commanding Officers and Technical Directors near the start of each Fiscal Year through internal competition.
Efforts typically last three years, and are generally designed to assess the promise of new lines of research. Successful efforts attract external, competitively awarded
funding. Because the Warfare Centers and Labs encompass the full range of naval technology interests, the scope of ILIR topics roughly parallels that of PE 0601153N,
Defense Research Science.
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Exhibit R-2, RDT&E Budget Item Justification: PB 2017 Navy

Date: February 2016

Appropriation/Budget Activity
1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic
Research

R-1 Program Element (Number/Name)
PE 0601152N / In-House Lab Independent Res

In FY15 the ILIR PE 06011652N was simplified from seven Naval technology interests (advanced materials, electronics sensor sciences, energy sciences, human
performance sciences, information sciences, naval platform design sciences, and ocean/space sciences) into one encompassing ILIR program. It is still possible to
report which naval technology interest each project falls under. Due to the number of efforts in PE 06011652N, the programs described herein are representative of the

work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015
Previous President's Budget 19.142
Current President's Budget 18.998
Total Adjustments -0.144

» Congressional General Reductions -
» Congressional Directed Reductions -
» Congressional Rescissions -
» Congressional Adds -
» Congressional Directed Transfers -
* Reprogrammings -
* SBIR/STTR Transfer -0.145
* Rate/Misc Adjustments 0.001

FY 2016 FY 2017 Base FY 2017 OCO
19.126 19.499 -
19.126 18.508 -

0.000 -0.991 -
0.000
0.000 -0.991 -

Congressional Add Details ($ in Millions, and Includes General Reductions)

Project: 9999: Congressional Adds
Congressional Add: Program Increase

Change Summary Explanation

Congressional Add Subtotals for Project: 9999

Congressional Add Totals for all Projects

FY 2017 Total

19.499
18.508
-0.991

-0.991

FY 2015

FY 2016

0.395

0.000

0.395

0.000

0.395

0.000

The FY 2017 request was reduced by -$0.573 million as required for the Department of the Navy to comply with the Bipartisan Budget Act of 2015.

Technical: Not applicable.

Schedule: Not applicable.

PE 0601152N: In-House Lab Independent Res
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‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601152N / In-House Lab Independent

Project (Number/Name)
0000 / In-House Lab Independent Res

Res
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
0000: In-House Lab Independent 0.000 18.603 19.126 18.508 - 18.508 19.438 19.434 19.440 19.441| Continuing| Continuing
Res

A. Mission Description and Budget Item Justification

This project sustains U.S. Naval S&T superiority, provides new technological concepts for the maintenance of naval power and national security, and mitigates scientific
surprises, while exploiting scientific breakthroughs and providing options for new Future Naval Capabilities (FNC's). It responds to S&T directions of the Naval S&T
Strategic Plan for long term Navy and Marine Corps improvements. It is in consonance with future warfighting concepts and doctrine developed at the Naval Warfare
Development Command (NWDC) and the Marine Corps Combat Development Command (MCCDC), and enables technologies that significantly improve the Joint Chiefs
of Staff's Future Joint Warfighting Capabilities.

This portion of the DON Basic Research Program provides participating Naval Warfare Centers and Laboratories with funding for basic research to support the execution
of their assigned missions, for developing and maintaining a cadre of active research scientists who can distill and extend results from worldwide research and apply
them to naval problems, to promote hiring and development of new scientists, and to encourage collaboration with universities, private industry, and other Navy and
Department of Defense laboratories.

FY 2017
Base

16.065

FY 2017
0oCoO

0.000

FY 2017
Total

16.065

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015
16.130

FY 2016
16.601

Title: IN-HOUSE LABORATORY INDEPENDENT RESEARCH (ILIR)

Description: Starting in FY 2015, these requirements have been consolidated into a separate R-2 project to
provide greater visibility of the program by providing an easily navigable overview of all In-House Laboratory
Independent Researc(ILIR) Programs in a single location.

Funding increase in FY 2016 is due to rebalancing programs within the Program Element.

FY 2015 Accomplishments:

-Continued research for polymer materials to understand improved helmet blast protection.

-Continued fundamental research for composite materials for reduced signature for undersea vehicles.
-Continued research for the fundamental understanding of graphene type Radio Frequency (RF) Antennas.
-Continued fundamental research for the understanding of optimization of undersea sensor distribution in littoral
environments.

-Continued research for understanding effects of energetic materials under high pressure environment.
-Continued research on Operational Fatigue of Warfighters due to Stress Environments.

-Continued research on Human Gesture and Computer Interface and Functionality.
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‘Date: February 2016

Res

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319171 PE 0601152N / In-House Lab Independent

Project (Number/Name)

0000 / In-House Lab Independent Res

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2017 | FY 2017
FY 2016 Base 0oCoO

FY 2017
Total

-Continued research framework for Efficient Quantum Computing.

-Continued research for Autonomous Routing of Unmanned Vehicles.

-Continued fundamental research for undersea imaging and analysis.

-Continued research for modeling super-cavitation of Advanced Propulsor Designs.

-Continued research for Predictive Performance Modeling of Advanced Naval Hull Designs.

-Continued research for Design and Performance of High Speed Naval Vessels.

-Continued research for Advanced Smart Wireless Cooperative Vehicular Network.

-Continued research for Undersea Laser Communication and Identification in Littoral Environments.
-Continued ILIR projects that are intended to be approximately three years in length researching littoral
geosciences, optics, and biology; marine mammals; ocean acoustics; and autonomous systems.

-Initiated FY 2015 ILIR projects that are intended to be approximately three years in length to research topics
including: Structural materials, functional materials, maintenance reduction, hydrodynamics, power generation,
energy conservation and conversion.

-Complete research to develop broadband dynamically controllable artificial dialetrics.

-Sensing, diagnostics, and detectors; navigation and timekeeping; nano electronics; real time targeting, Electro-
Optical/InfraRed (EO/IR) electronics; EO/IR electronic warfare; and EO/IR sensors for surface and subsurface
surveillance.

-Undersea weaponry, energetic materials and propulsion, directed energy, and TeraHertz Time-Domain
Spectroscopy (THz-TDS) technology that addresses overseas contingency operations and Counter Improvised
Explosive Device (C-IED) detection by detecting and spectroscopically identifying military and home-made
explosives and formulations.

-Biosensors, biomaterial, bioprocesses; marine mammals; casualty care management, undersea medicine;
human factors and organizational design; manpower, personnel and advanced cockpit; and operational training
and education. These efforts are coordinated with the Navy Medical Research Center (NMRC).

-Mathematical foundation and computational theory and tools for design communications, decision support
theory, algorithm and tools, information assurance, secure and reliable infrastructure for command and control,
mathematical optimization for optimal resource allocation and usage, modeling and computational propagation,
seamless, robust connectivity and networking and cyber warfare.

-Littoral geosciences, optics, and biology; marine mammals; ocean acoustics; and autonomous systems.
-Naval Materials by Design and Intelligent Naval Sensors, Innovative Naval Prototype initiatives in
Electromagnetic Gun and Sea Basing, and National Naval Responsibility initiatives in Undersea Weaponry and
Naval Engineering.

-Novel hull forms, materials, structures and signatures; and virtual shaping concepts for structures and platforms.
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‘Date: February 2016

Res

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319171 PE 0601152N / In-House Lab Independent

Project (Number/Name)

0000 / In-House Lab Independent Res

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2017 | FY 2017
FY 2016 Base 0oCoO

FY 2017
Total

-Battlespace Awareness and Intelligent Naval Sensors, Innovative Naval Prototype initiatives in Persistent
Surveillance and Sea Basing, and the National Naval Responsibility in Undersea Weaponry.

-Command and Control and connectivity research.

- Initiated research for polymer materials to understand improved helmet blast protection.

- Initiated fundamental research for composite materials for reduced signature for undersea vehicles.

- Initiated research for the fundamental understanding of graphene type Radio Frequency (RF) Antennas.
- Initiated research for complex unmanned sensor networks.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate FY 2016 ILIR projects that are intended to be approximately three years in length to research topics
including :

- Structural materials, functional materials, maintenance reduction, hydrodynamics, power generation, energy
conservation and conversion.

- Sensing, diagnostics, and detectors; navigation and timekeeping; nano electronics; real time targeting, Electro-
Optical/InfraRed (EO/IR) electronics; EO/IR electronic warfare; and EO/IR sensors for surface and subsurface
surveillance.

- Undersea weaponry, energetic materials and propulsion, directed energy, and TeraHertz Time-Domain
Spectroscopy (THz-TDS) technology that addresses overseas contingency operations and Counter Improvised
Explosive Device (C-IED) detection by detecting and spectroscopically identifying military and home-made
explosives and formulations.

- Biosensors, biomaterial, bioprocesses; marine mammals; casualty care management, undersea medicine;
human factors and organizational design; manpower, personnel and advanced cockpit; and operational training
and education. These efforts are coordinated with the Navy Medical Research Center (NMRC).

- Mathematical foundation and computational theory and tools for design communications, decision support
theory, algorithm and tools, information assurance, secure and reliable infrastructure for command and control,
mathematical optimization for optimal resource allocation and usage, modeling and computational propagation,
seamless, robust connectivity and networking and cyber warfare.

- Novel hull forms, materials, structures and signatures; and virtual shaping concepts for structures and
platforms.

- Littoral geosciences, optics, and biology; marine mammals; ocean acoustics; and autonomous systems.

- Tailoring Instruction to the Individual: Investigating the Utility of Trainee Aptitudes for use in Adaptive Training.
- Research to Improve Situational Awareness Using Learned Representations and Autonomous Systems.
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‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)
1319171 PE 0601152N / In-House Lab Independent |0000 / In-House Lab Independent Res
Res
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base oco Total
- Developing Novel Propellants for Solid Ramjet Application.
- Anomalous Capacity Loss and Recovery in Lead Acid Batteries Following Rapid Pulsed Discharge Power and
Energy.
- Research of n+InP as a Possible New Semiconductor Material for Fast Neutron Spectroscopy.
- Polarimetric Radar Cross Section Control.
- Broadband Prewhitening Filtering Framework to Improve Beamforming Detection Performance inLinear Arrays
under reduced Snapshot Support Conditions.
- Automated Storytelling: Co-clustering of Topic Models for Topic Detection and Tracking
- Developing the Theory of Superabsorption.
- Topological Methods for the Analysis of Big Data.
- Complete Development of a Unified Theory for Multiphase Flows
- Complete Mechanistic Studies of Alane Decomposition
- Neutralization Using Air-Deployable Self-surveying UUV
- Optimized Waterspace Management & Scheduling for Heterogeneous Teams of Autonomous Vehicles.
- Secure Underwater Communications Study for the Advanced Undersea Weapons (AUWS).
- Acoustic Reception and Transmission in High Speed Flows.
- Beamforming with Arrays of Sensor Elements with Uncertain Location.
- Develop Design, Testing, and Analysis of Zero Poisson Ratio Metamaterials
- Beam Space Multiple Input Multiple Output.
- Graphene Broadband Infrared Light-Emitting Devices.
- Machine Learning of Autonomous Vehicle Tactics through Human Evaluation.
- Nomad: A Hybrid-Cloud Aware High Assurance and Availability Cloud Service.
- Nonvolatile and Cryogenic Compatible Quantum Memory Devices.
- Stochastic Compiler Hacks as Software Immunization Mechanisms (SCHSIM).
- Energy Harvesting for Future E
- Projects selected for FY 2016 will focus on supporting:
- Naval Materials by Design and Intelligent Naval Sensors, Innovative Naval Prototype initiatives in
Electromagnetic Gun and Sea Basing, and National Naval Responsibility initiatives in Undersea Weaponry and
Naval Engineering.
- Battlespace Awareness and Intelligent Naval Sensors, Innovative Naval Prototype initiatives in Persistent
Surveillance and Sea Basing, and the National Naval Responsibility in Undersea Weaponry.
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‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

Res

R-1 Program Element (Number/Name)
PE 0601152N / In-House Lab Independent

Project (Number/Name)
0000 / In-House Lab Independent Res

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCco

FY 2017
Total

- Command and Control and connectivity research.

FY 2017 Base Plans:

-Continue all efforts of FY 2016, less those noted as completed above.
-Complete FY 2015 ILIR projects which were three years in duration.

-Continue ILIR projects started in FY2016.

-Initiate FY 2017 ILIR projects that are to be approximately three years in length.

FY 2017 OCO Plans:
N/A

Title: SCIENCE TECHNOLOGY ENGINEERING AND MATH (STEM) EFFORTS AT NAVY LABS

Description: This effort will support both the Science and Engineering Apprenticeship Program (SEAP) and
the Naval Research Enterprise Intern Program (NREIP) summer programs to encourage participating students
to pursue science and engineering careers, to further their education via mentoring by laboratory personnel

and their participation in research, and to make them aware of DoN research and technology efforts, which can
lead to employment within the DoN. Participating students will spend eight to ten weeks during the summer
doing research at approximately 19 to 20 DoN laboratories. Participants will receive a stipend distributed by the
Contractor. The stipend is a monthly allowance paid to interns for their participation in the research efforts.

This activity was separated from ILIR in FY 2013 to highlight Science Technology Engineering and Math (STEM)
efforts at Navy labs previously funded within the Ocean/Space Sciences activity in this PE. Funding increase

in FY 2015 results from temporary augmentation of STEM within the PE, but the FY 2016 decrease plan
rebalances the PE to focus on the NREIP and SEAP programs, scaling back on other STEM efforts.

FY 2015 Accomplishments:

- Continued Naval Research Enterprise Intern Program (NREIP) to support undergraduate and graduate
students performing Navy-related research at Naval Warfare Centers under the supervision and mentorship

of DON Scientists, thus exposing them to interesting and challenging work done at the centers. NREIP is a
continuing Navy education program. - Continued Science and Engineering Apprenticeship Program (SEAP)
supporting high school student programs. - Continued Science, Technology, Engineering and Mathematics
(STEM) projects that are intended to be approximately three years in length. Projects selected for STEM funding
will focus on engaging and educating future Naval scientists and engineers and incorporating naval relevance,

2.473

2.525

2.443

0.000

2.443
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1319171 PE 0601152N / In-House Lab Independent |0000 / In-House Lab Independent Res
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B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017

FY 2015 | FY 2016 Base 0oCoO Total

diversity, and STEM best practices. These efforts complement and support the ongoing independent research,
education and outreach efforts taking place at the naval laboratories.

FY 2016 Plans:
- Continue all efforts of FY 2015, unless noted as completed above.

FY 2017 Base Plans:
- Continue all efforts of FY 2016, unless noted as completed above.

FY 2017 OCO Plans:
N/A

Accomplishments/Planned Programs Subtotals 18.603 19.126 18.508 0.000 18.508

C. Other Program Funding Summary ($ in Millions)
N/A

Remarks

D. Acquisition Strategy
Not applicable.

E. Performance Metrics

The ILIR initiative seeks to improve the quality of defense research conducted predominantly through the Naval Warfare Centers/Laboratories. It also supports the
development of technical intellect and education of engineers and scientists in disciplines critical to national defense needs through the development of new knowledge
in a military laboratory environment. Initial research focus is often conducted in an unfettered environment since it is basic research, but many projects focus on applying
recently developed theoretical knowledge to real world military problems with the intention of developing new capabilities and improving the performance of existing
systems. Individual project metrics then become more tailored to the needs of specific applied research and advanced development programs. The National Research

Council of the National Academies of Science and Engineering's Congressionally directed "Assessment of Department of Defense Basic Research" concluded that the
DoD is managing its basic research program effectively.
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy ‘Date: February 2016
Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)
1319/ 1 PE 0601152N / In-House Lab Independent |9999 | Congressional Adds
Res
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
9999: Congressional Adds 0.000 0.395 0.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 0.395

A. Mission Description and Budget Item Justification

This Congressional increase will help sustain U.S. Naval Science and Technology (S&T) superiority by providing new technological concepts for the maintenance

of Naval power and national security, and by helping to avoid scientific surprise while exploiting scientific breakthroughs and providing options for new Future Naval
Capabilities (FNCs). The In-house Laboratory Independent Research (ILIR) program also adds increased emphasis to the revitalization of the scientist and engineer
workforce component at the Navy's Warfare Centers and Laboratories by attracting superior candidates and retaining our best members through the provision of exciting
and meaningful work.

B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016
Congressional Add: Program Increase 0.395 0.000

FY 2015 Accomplishments: Continued efforts for the In-house Laboratory Independent Research (ILIR)
program.

FY 2016 Plans: N/A

Congressional Adds Subtotals 0.395 0.000

C. Other Program Funding Summary ($ in Millions)
N/A
Remarks

D. Acquisition Strategy
N/A

E. Performance Metrics
The ILIR initiative seeks to improve the quality of defense research conducted predominantly through the Naval Warfare Centers/Laboratories.
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Exhibit R-2, RDT&E Budget Item Justification: PB 2017 Navy

Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic PE 0601153N / Defense Research Sciences
Research

COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total

Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost

Total Program Element 0.000| 486.082| 506.553| 422.748 - 422.748| 460.050| 464.493| 463.728| 465.010| Continuing| Continuing
0000: Defense Research 0.000 434.398 451.553 422.748 - 422.748 460.050 464.493 463.728 465.010| Continuing| Continuing
Sciences
9999: Congressional Adds 0.000 51.684 55.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 106.684

A. Mission Description and Budget Item Justification

There are currently five NNRs.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

This program element (PE) sustains U.S. Naval Science and Technology (S&T) superiority, provides new technological concepts for the maintenance of naval power
and national security, and helps avoid scientific surprise. It is based on investment directions as defined in the Naval Science & Technology Strategy approved by the
S&T Corporate Board (20 Jan 2015). This new strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research
Enterprise (NRE) stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps). It
exploits scientific breakthroughs and provides options for new Future Naval Capabilities (FNCs) and Innovative Naval Prototypes (INPs).

This PE addresses basic research efforts including scientific study and experimentation directed toward increasing knowledge and understanding in national security
related aspects of physical, engineering, environmental and life sciences. Basic research efforts are developed, managed, and related to more advanced aspects

of research on the order of a hundred technology and capability-related 'thrusts', which are consolidated into about fifteen research areas. These in turn support

the major research areas of the Navy and Marine Corps: Autonomous Systems; Command, Control, Communications and Computers (C4); Marine as a System;
Information Analysis and Decision Support; Intelligence, Surveillance and Reconnaissance; Logistics; Materials; Operational Environments; Platforms; Power and
Energy Technology; Sensors and Electronics; Warrior Performance and Protection; Weapons and Support (Education and Outreach).

S&T investment in basic research also includes the National Naval Responsibilities (NNRs), fields upon which a wide range of fundamental Naval capabilities depend.

S&T investment in basic research also includes the Basic Research Challenge Program which was established to competitively select and fund promising research
programs in new areas not addressed by the current basic research program. The Basic Research Challenge Program stimulates new, high-risk basic research projects
in multi-disciplinary and departmental collaborative efforts, and funds topics that foster leading edge science and attracts new principal investigators and organizations.
Basic Research Challenge awards are for a period of four years.

PE 0601153N: Defense Research Sciences

Navy

UNCLASSIFIED

Page 1 of 58

R-1 Line #3

Volume 1-19




UNCLASSIFIED

Exhibit R-2, RDT&E Budget Item Justification: PB 2017 Navy Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)

1319: Research, Development, Test & Evaluation, Navy | BA 1: Basic PE 0601153N / Defense Research Sciences

Research

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 497.103 451.606 471.726 - 471.726
Current President's Budget 486.082 506.553 422.748 - 422.748
Total Adjustments -11.021 54.947 -48.978 - -48.978

» Congressional General Reductions - -0.053

» Congressional Directed Reductions - -
» Congressional Rescissions - -
» Congressional Adds - 55.000
» Congressional Directed Transfers - -
* Reprogrammings - -
* SBIR/STTR Transfer -11.021 0.000

* Program Adjustments 0.000 0.000 -7.511 - -7.511
» Rate/Misc Adjustments 0.000 0.000 -41.467 - -41.467
Congressional Add Details ($ in Millions, and Includes General Reductions) FY 2015 FY 2016
Project: 9999: Congressional Adds
Congressional Add: Program Increase 51.684 55.000
Congressional Add Subtotals for Project: 9999 51.684 55.000
Congressional Add Totals for all Projects 51.684 55.000

Change Summary Explanation
The FY 2017 request was reduced by -$34.9 million as required for the Department of the Navy to comply with the Bipartisan Budget Act of 2015.

Technical: Not applicable.

Schedule: Not applicable.
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity
1319/ 1

R-1 Program Element (Number/Name)
PE 0601153N / Defense Research Sciences

Project (Number/Name)
0000 / Defense Research Sciences

COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
0000: Defense Research 0.000| 434.398| 451.553| 422.748 - 422.748| 460.050| 464.493| 463.728| 465.010| Continuing| Continuing
Sciences

A. Mission Description and Budget Item Justification

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

This program element (PE) sustains U.S. Naval Science and Technology (S&T) superiority, provides new technological concepts for the maintenance of naval power
and national security, and helps avoid scientific surprise. It is based on investment directions as defined in the Naval Science & Technology Strategy. This strategy

is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research Enterprise (NRE) stakeholders (including the Naval
enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps). It exploits scientific breakthroughs and provides options
for new Future Naval Capabilities (FNCs) and Innovative Naval Prototypes (INPs).

This PE addresses basic research efforts including scientific study and experimentation directed toward increasing knowledge and understanding in national security
related aspects of physical, engineering, environmental and life sciences. Basic research efforts are developed, managed, and related to more advanced aspects

of research on the order of a hundred technology and capability-related 'thrusts’, which are consolidated into about fifteen research areas. These in turn support

the major research areas of the Navy and Marine Corps: Autonomous Systems; Command, Control, Communications and Computers (C4); Marine as a System;
Information Analysis and Decision Support; Intelligence, Surveillance and Reconnaissance; Logistics; Materials; Operational Environments; Platforms; Power and
Energy Technology; Sensors and Electronics; Warrior Performance and Protection; Weapons and Support. Activities in this area also support maintenance of the
Science and Engineering Workforce and STEM Education and Outreach.

S&T investment in basic research also includes the National Naval Responsibilities (NNRs), S&T areas that are uniquely important to maintaining U.S. Naval superiority.
With the designation in 2011 of Sea-Based Aviation as an NNR, there are currently five NNRs.

S&T investment in basic research also includes the Basic Research Challenge program which was established to competitively select and fund promising research
programs in new areas not addressed by the current basic research program. The Basic Research Challenge Program stimulates new, high-risk basic research projects
in multi-disciplinary and departmental collaborative efforts, and funds topics that foster leading edge science and attracts new principal investigators and organizations.
Basic Research Challenge awards are for a period of four years.

B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base (0010 Total

Title: AIR, GROUND AND SEA VEHICLES 54.596 56.574 52.065 0.000 52.065
Description: Surface/subsurface reduced signatures; free-surface, subsurface, and propulsor hydromechanics;

hull life assurance; advanced ship concepts; distributed intelligence for automated survivability; advanced

electrical power systems; air vehicles; air platforms propulsion and power; air platforms survivability and

PE 0601153N: Defense Research Sciences UNCLASSIFIED R I———
Navy Page 3 of 58 R-1 Line #3




UNCLASSIFIED

Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity

R-1 Program Element (Number/Name)
1319/1 PE 0601153N / Defense Research Sciences

Project (Number/Name)
0000 / Defense Research Sciences

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCco

FY 2017
Total

signature control; special aviation projects; Unmanned Air Vehicle/lUnmanned Combat Air Vehicle (UAV/UCAV);
environmental quality; logistics; power generation, energy conversion, and storage; and advancements in naval
technology innovations.

Funding increase in FY16 is the result of changing S&T investment priorities within the Department of the Navy,
resulting from increased funding across the PE each year resulting in higher investment levels in each major
category of Air, Ground and Sea Vehicles.

Funding decrease in FY 2017 results from decreased PE level funding availability resulting in lower investment
levels in each major category of AIR, GROUND AND SEA VEHICLES.

Accomplishments and plans described below are examples for each effort category.

FY 2015 Accomplishments:

Air Vehicles

- Continued investigations into controlled initiation and recovery from aggressive, non-linear aero-maneuvers
conducted by unmanned air vehicles.

- Continued university research in rotorcraft technology areas such as tilt rotor aeromechanics, rotor flow field/
ship air wake coupling during shipboard operations, flight simulation of advanced ducted fan air vehicles, active
rotor control for enhanced shipboard operations, autonomous rotorcraft operations in shipboard environment,
and innovative rotor design concepts for naval applications.

- Continued research in computational simulation of rotorcraft operations in a shipboard environment.

- Continued investigation of advanced structural concepts, providing a high degree of crew protection during
crashes.

- Continued research into new analytical methods for high-fidelity prediction of rotorcraft performance, loads, and
vibration.

- Continued university and Navy laboratory research in basic rotorcraft science with emphasis on enabling
concepts for variable geometry/variable rotor-speed aircraft.

- Continued Sea-Based Aviation NNR research in Virtual Dynamic Interface, Advanced Manned/Unmanned
Handling Qualities and Control for Naval Operations, Improved Fixed Wing Launch and Recovery High Lift
Aerodynamics and Performance, Enhanced Fixed Wing V/STOL Operations, and Autonomous Deck Operations.

Science of Autonomy
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Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)
13191/ 1 PE 0601153N / Defense Research Sciences

Project (Number/Name)

0000 / Defense Research Sciences

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2017 | FY 2017
FY 2016 Base (o]od0)

FY 2017
Total

- Continued multi-disciplinary research into the science of autonomy, including multi-vehicle collaboration,
intelligence, and human interaction.

- Continued research in scalable and robust distributed collaboration among autonomous systems.

- Continued research in human/unmanned system collaboration.

- Continued research in autonomous perception and intelligent decision-making.

- Continued research in intelligent architectures for autonomous systems.

- Continued research in integrated design analysis/prognosis to optimize airframe structural properties and
match material selection to operational requirements.

- Continued modeling of complex behaviors/interactions to predict risk, probability and mechanism of failure and
forecast lifetime performance.

Ship Concepts and Hydrodynamics

- Continued modeling and optimization techniques for naval design of multi-hulls, optimal functional
arrangements for both ship and submarine design, and optimization for semi-displacement craft.

- Continued implementation of nationwide program to increase interest in naval engineering education.

- Continued further examination of computational mechanics to address prediction of acoustic signatures in
complex structures, modeling of structural failures and optimization, sensitivity analysis and error control.

- Continued research in propeller tip vortex cavitation and sheet-to-cloud cavitation.

- Continued computational and experimental investigation into complex, three-dimensional flow separation
problems.

- Continued modeling and understanding of full-scale circulation control bow planes design.

- Continued validation of Unsteady Reynolds Averaged Navier Strokes (URANS) prediction on maneuvering
effects on ship motion in waves.

- Continued modeling of hydro-acoustics of advanced materials propulsor.

- Continued program to investigate renewable energy technologies for Navy applications.

- Continued computational and experimental investigations of wakes in stratified fluids.

- Continued Large Eddy Simulation (LES) modeling of crashback of underwater vehicle with propulsor.

- Continued measurement and modeling of unsteady high-speed craft hydrodynamics.

- Continued high-fidelity fluid-structure interaction program.

- Continued computational prediction and validation of damaged ship maneuvering.

- Continued research efforts on multi objective optimization of hull shapes using hybrid hull concepts to achieve
high efficiency, reduced slamming loads and hydrodynamic/structural performance.

- Continued development of the understanding of shockwave propagation and failure mechanisms of high strain
rate, sensitive polymers and their interaction in composites with structural and armor materials.
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1319/1 PE 0601153N / Defense Research Sciences|0000 / Defense Research Sciences

B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017

FY 2015 | FY 2016 Base (o]od0) Total

- Continued research into the extension of bubble-wake modeling to physical far-field regime.

Ship Signatures, Structures, and Materials

- Continued the structural performance of hybrid ship hulls and hybrid joints subject to sea loads and weapons
effects for application to high speed, low signature vessels.

- Continued modeling of alternating current sources and propagation.

- Continued Particle Image Velocimetry (PI1V)/Laser Doppler Velocimetry (LDV) studies of multiphase bubble
flows and interaction with elastic plates in a small, quiet water tunnel.

- Continued LDV of scaling effects studies of unsteady elastic duct and propulsor interaction in a wind tunnel.

- Continued pressure-shear experiments at ultra-high loading rates of Explosion Resistant Coating (ERC) in
combination with light weight composites, including glass, acrylics, Poly(methyl methacrylate) (PMMA) and
development of computational simulation capability for understanding the behavior and failure effect of ERC on
the materials.

- Continued computational methods for simulation of fragmentation, including tracking interactions of fragments
and their interactions with composites of various materials (and fluid fragment interaction).

- Continued effort on much higher strain rate loading and constitutive behavior of ERC for strain rates
appropriate to ballistic events.

- Continued work on cohesive elements for dynamic fracture under combined mode for application to failure in
joints in ship structures under blast loading.

- Continued work on hybrid ship (non-magnetic stainless steel/composite) hull concepts.

- Continued further examination of computational mechanics in order to address prediction of acoustic signatures
in complex structures, modeling of structural failures and optimization, sensitivity analysis, and error control.

- Continued concept for development of photonic band gap waveguide.

- Continued developing methods to model the mechanisms of interaction between an elastic duct wall and fluid-
flow in a duct with a propeller.

- Continued development of computational mechanics to provide predictive capabilities of acoustics, linear and
nonlinear dynamic response and failure mechanisms of structures.

- Continued efforts developing alternative hull approaches for fast ships and hybrid ship hull structures.

- Continued efforts to develop a better understanding of explosion resistant coating under extreme loads and its
interaction with other armor and structural materials.

- Continued investigation into methods to control airborne noise transmission using active control methods.

- Continued development of metamaterial concepts for radio frequency (RF) signature control and photonic and
acoustic applications.
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Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)

1319171 PE 0601153N / Defense Research Sciences |0000 / Defense Research Sciences

B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base oco Total

- Continued experimental facility development for sea-slamming loads in fast ships, and consideration for hydro-

elasticity and structural details in composites panels and scale effects to support measurements used to develop

new theoretical models.

- Continued performing measurements of sea-slamming loads in fast ships at various sea states and speeds

for composite panels on the experimental facility and developed/verified theoretical/computational models

considering hydro elasticity and structural details and scale effects.

- Continued study of droplet & volume scattering phenomena.

- Continued the development of predictive models for infrared emission and reflection from breaking waves.

- Continued development of computational electromagnetic tools for electromagnetic materials design &

optimization.

- Continued development of a methodology for highly reliable composite to metallic joints.

- Continued fundamental efforts in multi-scale, time-varying, hull structural reliability models and processes for

structural performance analysis.

- Continued the development and understanding of elastomeric polymers for multi-functionality in protection

systems/armor and structural acoustics, with superior properties against environmental effects and extreme

temperature.

- Continued development of advanced electromagnetic energy absorbing composite materials.

- Continued efforts to further the physics based understanding of structural acoustics for the next generation

submarine.

- Continued improvements for predictive capabilities of surface ship propulsion systems and underwater acoustic

signatures.

- Continued Sea-Based Aviation NNR structures and materials research in Structural Mode Characterization,

High-Loading/Lightweight Materials, Advanced Structural Concepts, Material Degradation/Corrosion, and

Structural Protection and Maintenance.

Ship and Air Platform Machinery and Systems

- Continued efforts to understand and control the generation and propagation of far-field jet noise.

- Continued development of Pulsed Detonation Engine (PDE) Technology.

- Continued development and understanding of control capabilities and distributed intelligence strategies for

shipboard systems.

- Continued propulsion system cost-reduction efforts through vibration reduction, noise and thermal fluctuation at

the source by controlling combustion.

- Continued passive and active high speed noise control.

- Continued studies of alternate propulsion systems for PDE and generated prediction models.
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- Continued investigation of thermal management approaches for cooling high power electronic devices.

- Continued research on non-vapor, compression based refrigeration cycles.

- Continued studies of advanced air-breathing propulsion concepts.

- Continued study of advanced materials for PDE applications.

- Continued efforts to expand the model based reasoning control algorithm approach to multiple heterogeneous
systems.

- Continued studies of complexity in heterogeneous distributed control systems.

- Continued efforts to investigate a market based control approach to distributed control.

- Continued efforts to perform physics based modeling of fluid actuation systems.

- Continue Sea-Based Aviation NNR propulsion research in Propulsion Cycles, Subsystems, and Integration,
Turbomachinery and Drive Systems with Enhanced Maintainability, Jet Noise Reduction, Hot Section Materials
and Coatings, and Small UAV Propulsion.

Power Generation, Energy Conversion and Storage

- Continued evaluation of stability and control of electrical power systems.

- Continued analyzing synchronization of 19 diode lasers to produce intense beams.

- Continued efforts in nanostructures, novel electrolytes, and electrode materials to enable new, 3D, power
source architectures and to improve the safety and capacity of rechargeable lithium and lithium-ion batteries.
- Continued exploration and development of materials for high energy density, passive power electronics
(Capacitors).

- Continued expanding the fundamental understanding of direct electrochemical oxidation and the use of logistic
fuels in solid oxide fuel cells.

- Continued development of phase change cooling approaches for high power electronic devices.

- Continued efforts developing a science base for optimized combustion of alternative fuels.

- Continued the investigation of the long-term durability effects of coating/substrate systems from combustion
chemistries and products derived from current petroleum-based fuel and from petroleum-based/synthetic fuel
blends that lead to predictive models.

- Continued effort in energy and power management to include understanding and reliability of high power
electronics.

- Continued investigation into rare earth-free permanent magnet materials.

- Continued investigating thermodynamic cycle analogy for harvesting waste heat using multiferroic
(pyromagnetic & pyroelectric) materials.

- Continued research into thermionic energy conversion using inter-gap molecular species in a heat cell with low
work function materials.
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- Continued research into cyber-physical, real-time distribution and control of power & energy networks, physics-
based models, hardware-in the-loop simulation.

- Continued development of novel approaches to deposition of ultra-high quality SiC epilayers needed to enable
highvoltage, high frequency, high-power wide bandgap semiconductor devices.

- Continued study of fault tolerant electromechanical energy converter concepts for naval applications.

- Continued research to understand new energy conversion methods (pyroelectrics, thermionics, and
combustion).

- Continued basic research in next generation wide bandgap semiconductors.

- Continued experimental and computational investigation of dynamic response of marine gas turbines for on-
demand and flexible power supply.

- Continued power and energy management science, particularly understanding new magnetic materials and
sliding electrical contacts.

- Continued fundamental research in novel, high temperature superconducting (HTS) material synthesis.

- Completed investigation into rare earth-free permanent magnet materials.

- Completed development of novel approaches to deposition of ultra-high quality SiC epilayers needed to enable
highvoltage, high-frequency, high-power wide bandgap semiconductor devices.

- Completed power and energy management science, particularly understanding new magnetic materials and
sliding electrical contacts.

- Completed basic research in next generation wide bandgap semiconductors.

Advancements in Naval Technology Innovations

- Continued development of the Centers for Innovative Naval Technology (CINT), which will expand and
apply the Center for Innovative Ship Design (CISD) approach to other Navy facilities to dramatically expand
participation and the breadth of naval technologies covered.

FY 2016 Plans:
Air Vehicles
- Continue all efforts of FY 2015, less those noted as completed above.

Science of Autonomy
- Continue all efforts of FY 2015, less those noted as completed above.

Ship Concepts and Hydrodynamics
- Continue all efforts of FY 2015, less those noted as completed above.
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Ship Signatures, Structures, and Materials
- Continue all efforts of FY 2015, less those noted as completed above.

Ship and Air Platform Machinery and Systems
- Continue all efforts of FY 2015, less those noted as completed above.

Power Generation, Energy Conversion and Storage
- Continue all efforts of FY 2015, less those noted as completed above.

Advancements in Naval Technology Innovations
- Continue all efforts of FY 2015, less those noted as completed above.

FY 2017 Base Plans:
Air Vehicles
- Continue all efforts of FY 2016, less those noted as completed above.

Science of Autonomy
- Continue all efforts of FY 2016, less those noted as completed above.

Ship Concepts and Hydrodynamics

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete modeling and optimization techniques for naval design of multi-hulls, optimal functional
arrangements for both ship and submarine design, and optimization for semi-displacement craft.

Ship Signatures, Structures, and Materials

- Continue all efforts of FY 2016, less those noted as completed above.
- Complete work on hybrid ship (non-magnetic stainless steel/composite) hull concepts.

Ship and Air Platform Machinery and Systems
- Continue all efforts of FY 2016, less those noted as completed above.

Power Generation, Energy Conversion and Storage

- Complete efforts developing alternative hull approaches for fast ships and hybrid ship hull structures.
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- Continue all efforts of FY 2016, less those noted as completed above.

Advancements in Naval Technology Innovations
- Continue all efforts of FY 2016, less those noted as completed above.

FY 2017 OCO Plans:
N/A

Title: ATMOSPHERE AND SPACE SCIENCES

Description: Efforts include: Marine Meteorology and Prediction, and Space Sciences.

Accomplishments and plans described below are examples for each effort category.

FY 2015 Accomplishments:

Marine Meteorology and Prediction

- Continued the development of next-generation ocean-atmosphere coupled models.

- Continued effort to investigate and better understand the bulk exchanges, aerosol-cloud interaction, and
physical processes that take place at the atmospheric boundary layer interface.

- Continued theoretical and observational effort to improve understanding of the fundamental dynamics of
mountain waves, including generation, propagation, nonlinear interaction, and wave breaking.

- Continued effort to gain a fundamental understanding of the flow-dependent limits of predictability by combining
research in data assimilation and atmospheric instability.

- Continued investigation into the near-earth environmental effects on electromagnetic propagation.

- Continued investigation of sub-grid-scale processes that influence marine boundary layer turbulence, aerosol
production and removal, and marine stratocumulus cloud and drizzle formation and dissipation with the goal of
improving the predictability of these phenomena in high-resolution mesoscale prediction systems.

- Continued investigation of Western Pacific tropical cyclone dynamics in order to improve the predictability of
storm genesis, structure and intensity changes, radii of maximum winds and effects on sea surface waves.

- Continued effort to assimilate WindSat wind vector, Ozone Mapping and Profiler Suite (OMPS) ozone profiles,
and Global Positioning System (GPS) temperature and water vapor profile retrievals into NOGAPS (Navy
Operational Prediction System).

- Continued assessment of the status of aerosol observation, prediction, and understanding for use in slant-
range visibility and electro-optical performance prediction models.

- Continued development of new soil moisture retrieval algorithm that addresses the basic modeling issues
pertinent to soil moisture retrieval using passive microwave data from the WindSat instrument.

24.530

24.867

24.352

0.000

24.352
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- Continued demonstration and validated a new data assimilation capability in NOGAPS ALPHA to generate the
first global atmospheric analysis fields that extend from the ground to the edge of space.

- Continued effort to derive and test advanced nonlinear atmospheric data assimilation algorithms using
variational and ensemble techniques that are firmly based on modern inverse problem theory.

- Continued effort to understand the fundamental physics and dynamics that control cloud and aerosol variability
in the marine boundary layer.

- Continued effort to improve understanding of sub-seasonal, seasonal and intra-seasonal oscillation in a

fully coupled (air, sea, land, ice) Model with the goal of developing a seamless, high-resolution earth system
prediction capability for extended range forecasts.

- Continued the effort to understand the impact of skewness on our ability to estimate meteorological variables
and their uncertainty.

- Continued the effort to understand the predictability of weather in future extreme environments by quantifying
how these changes impact forecast error growth and energy, non-local errors and tropical cyclone prediction.

- Continued the study to understand the interplay of deep convective and boundary layer processes in tropical
cyclone eye/eyewall dynamics and symmetric/asymmetric inner-core variability through a combination of
numerical models, observation and improving upon existing theory.

- Continued investigation of tropical cyclone intensification and structure changes that occur in response to
changes in upper level outflow, large scale environmental interactions and/or internal changes in convection
using innovative new observing systems and satellite observations.

- Continued the effort to understand and diagnose the aspects of a multi-model ensemble prediction system that
make it ostensibly superior to a single model ensemble prediction system, with the aim of extending the Navy's
ensemble predictive capabilities and providing the Navy with an ensemble prediction system that performs
competitively with multi-model ensembles.

Space Sciences

- Continued program to advance state-of-the-art specification and prediction of the space environment to
improve space system performance and their on-call availability.

- Continued monitoring of other-agency efforts for 'Naval Harvest' of advanced techniques and algorithms for
remote sensing of ocean and atmospheric properties including winds, waves, currents, and surface topography.
- Continued a focused program to develop a predictive, operational capability for the onset and evolution of
equatorial spread-F that limits space-based communications and navigation capabilities.

- Continued program to extend magneto-hydrodynamic models of solar activity, and related effects on the near-
Earth space environment, toward an improved predictive capability on communication and navigation systems,
and other related effects on DoD operations.
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- Continued effort to develop a better physical understanding of small-scale atmospheric wave dynamics in the

middle and upper atmosphere.

- Continued effort to develop understanding to forecast the sun's changing extreme ultraviolet (EUV) radiation

and the responses of the upper atmosphere and ionosphere one-to-ten days in advance.

- Continued investigation of the driving mechanisms, mode characteristics, and impact on space plasmas of

electromagnetic waves relevant to radiation belt remediation and auroral ionospheric space weather.

- Continued effort to assemble individual databases and model components of the Sun-Earth System.

- Continued effort to quantify the evolution of probability density functions for orbiting objects in a crowded space

environment, which will help inform orbital debris mitigation and avoidance strategies.

- Continued investigation into the coupling physics, dynamics, and chemistry from the lower atmosphere, earth

surface, and ocean into the upper atmosphere and ionosphere, focusing on processes relevant to ionospheric

specification and forecasting.

- Continued efforts to estimate the probable state of the extended operational environment, from surface to

space, in future years-to-decades as a result of natural and anthropogenic influences.

- Continued efforts to use acoustic wave analysis techniques to produce three-dimensional maps of emerging

solar flux below the sun's surface, towards giving longer warning times for geoeffective space weather that is

driven by solar disturbances.

FY 2016 Plans:

Marine Meteorology and Prediction

- Continue all efforts of FY 2015, less those noted as completed above.

Space Sciences

- Continue all efforts of FY 2015, less those noted as completed above.

FY 2017 Base Plans:

Marine Meteorology and Prediction

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete investigation of Western Pacific tropical cyclone dynamics in order to improve the predictability of

storm genesis, structure and intensity changes, radii of maximum winds and effects on sea surface waves.

- Complete assessment of the status of aerosol observation, prediction, and understanding for use in slant-range

visibility and electro-optical performance prediction models.

Space Sciences
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- Continue all efforts of FY 2016, less those noted as completed above.

FY 2017 OCO Plans:
N/A

Title: COUNTER IMPROVISED EXPLOSIVE DEVICE (IED) SCIENCES

Description: The Basic Research Counter IED program seeks to develop innovative scientific concepts that will
form the foundation for future technologies that may be developed and implemented to efficiently and effectively
address the IED threat. The effort will emphasize fundamental scientific concepts that can be applied to the
detection, neutralization, destruction and mitigation of the effects of these devices, to advance anticipation, and
affect the occurrence or potential occurrence of IED events. The program also seeks to establish and nurture

a multidisciplinary counter-IED Science and Technology community of Government, academic and industry
researchers to accelerate the transition of new science and technology into fielded systems.

Funding increase in Counter IED in FY16 is the result of increased investment in Basic Research within the
Department of Defense, resulting from increased funding across the PE resulting in higher investment levels in
each major category of Counter IED.

Accomplishments and plans described below are examples for each effort category.

FY 2015 Accomplishments:

- Continued effort in the area of Prediction to develop theoretical and technical approaches that permit prediction
and analysis of IED emplacement as well as the assembly of IEDs. This included recognition of emplacement
patterns, human activity recognition from video and other sensing systems, human intelligence and social
network analysis of terrorist networks, modeling and simulation of the full spectrum of IED activities, analysis of
communications, and knowledge management systems to combine diverse data sources.

- Continued effort in the area of Detection to develop concepts that would permit stand-off detection and
localization of the explosive, the case materials, the environment in which the device is located, and other
components of the IED.

- Continued effort in the area of Neutralization to develop scientific concepts that may be applied to remotely
render an |ED ineffective without necessarily having to detect or destroy it.

- Continued effort in the area of Destruction to develop scientific concepts that may be applied to quickly and
remotely destroy IEDs without necessarily having to detect them.

- Continued creation of new spectroscopy for sensitive characterization of semiconductor nanostructures,
ultrathin molecular films and chemical/biological threat materials and explosives.
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- Continued development of a new chemical explosive detection concept based on pump/probe ultra-short pulse
lasers.

- Continued research on characterizing background noise in urban and riverine environments in support of IED
signature detection.

- Continued effort to directly observe lattice deformations in explosives under shock impact.

- Continued investigations into sociological and cultural aspects of defeating insurgent networks.

- Continued investigations into standoff wide area neutralization and pre-detonation of IEDs.

- Continued investigations into stronger lightweight armor including nanoparticle designs.

- Continued investigations into detection of physical and temporal device characteristics.

- Continued investigations into challenges within the Riverine environment.

- Continued investigations into challenges in the temporal domain in various land environments.

- Continued an effort to integrate observable behaviors with social behavior models to provide inputs for
predictions and validation.

- Continued a program to investigate nano-technologies applied to miniaturized remote molecular sensors, with
an additional emphasis on low fidelity detection of trace explosive vapor partial-pressures.

- Continued research into emerging very-broad-band spectroscopic capabilities to achieve a low-fidelity mosaic
of partial pressure detections of explosives.

- Continued study of energy transduction through soft armor.

- Continued a Neutralize effort to investigate the identification of techniques to deflagrate or detonate explosives
by creating hot spots or other localized effects that do not quench.

- Continued a Neutralize effort to investigate new energy conversion schemes and extraction mechanisms

for high-powered microwave sources that have potential to dramatically reduce the size, weight, and power
required.

- Continued a Neutralize effort to research compact wideband metamaterial multifunctional antennas.

- Continued a Mitigate effort to explore new chemistry techniques to optimize polymer fiber growth and
hardening.

- Continued a Mitigate effort to develop in-situ analytical tools to observe nano to micro structure of materials
during fabrication and treatment processes.

- Continued study of Evaluation of the Dynamic Behavior and Material Parameters of the Human Brain.

- Continued study of Real-Time Control of NMR Relaxation for Improved Sensitivity and Resolution.

- Completed a Neutralize effort to investigate emitter recognition and related network behavioral analysis.

- Completed a Mitigate effort to research multifunctional ballistic fibers with Custom Designed and Engineered
Nanostructure.

- Completed work on neural correlates of cross-culture adaptation.
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- Completed work on distinguishing the optical signature of explosive molecules from background molecules.

- Initiated research on lightweight flexible materials that can selectively absorb, dissipate, and convert high

energy electromagnetic waves or blast waves.

- Initiated research on compact and efficient high voltage pulsed switches that can rapidly charge and discharge

at a high repetition rate.

- Initiated an effort to detect a wider variety of homemade explosives.

FY 2016 Plans:

- Continue all effort of FY 2015, less those noted as completed above.

- Complete Neutralize effort to investigate new energy conversion schemes and extraction mechanisms for high-

powered microwave sources that have potential to dramatically reduce the size, weight, and power required.

- Complete a Neutralize effort to research compact wideband metamaterial multifunctional antennas

- Initiate research into the improved biomechanics and physiology of detection dogs for use in the detection of

explosive hazards.

- Initiate research efforts to produce the knowledge and understanding necessary to detect and locate

asymmetric explosive threats and their components by exploring combination of their unique passive and active

characteristic responses at safe stand-off distances from various expeditionary platforms.

- Initiate research efforts to explore new lightweight multifunctional material design and techniques to optimize

existing materials to improve protection from detonation effects.

- Initiate research efforts to neutralize or prevent explosive threats with or without direct knowledge of their

locations.

- Initiate research efforts to provide understanding of the human and social elements and their relationships with

asymmetric explosive threats to predict and prevent explosive events.

FY 2017 Base Plans:

- Continue all effort of FY 2016, less those noted as completed above.

- Complete efforts in the area of Destruction to develop scientific concepts that may be applied to quickly and

remotely destroy IEDs without necessarily having to detect them.

- Complete creation of new spectroscopy for sensitive characterization of semiconductor nanostructures,

ultrathin molecular films and chemical/biological threat materials and explosives

- Complete effort to directly observe lattice deformations in explosives under shock impact

- Complete investigations into challenges within Riverine Environment.

- Initiate research efforts to improve stimulated electromagnetic explosive signature collection efficiencies.
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- Initiate research efforts to explore compact rapid high selectivity spectroscopic detection in distributed

unmanned platforms.

FY 2017 OCO Plans:

N/A

Title: HUMAN SYSTEMS 16.822 17117 16.078 0.000 16.078
Description: Efforts include: Human factors and organizational design; manpower, personnel, and training;

integrated avionics, displays, and advanced cockpit; and pattern recognition.

Accomplishments and plans described below are examples for each effort category.

Funding decrease in FY17 is the result of changing S&T investment priorities within the Department of the Navy,

resulting from decreased PE level funding availability resulting in lower investment levels in each major category

of Human Systems

FY 2015 Accomplishments:

- Continued research of social networks for counterterrorism.

- Continued expansion of the cognitive architectural modeling capability to increase coverage, including spatial

reasoning, multitasking, and impact of physiological and stress variables.

- Continued research of human cognition and performance to create more realistic simulations for training.

- Continued program to combine cognitive architectures with computational neuroscience to better predict

human performance.

- Continued program on implantable electronics for performance enhancement.

- Continued investment in natural language interaction capability for artificially intelligent training systems.

- Continued research of neuro-control of high-lift bio-inspired Unmanned Underwater Vehicles and active vision

and cognitive navigation skills in mobile robots.

- Continued computational neuroscience for novel pattern recognition and sensory augmentation.

- Continued research of human-robot interaction to support team collaboration.

- Continued the output human performance usability models with actual human performance results obtained

in usability testing on systems under development. These systems include future Naval Combat Systems and

Homeland Security Operation Centers.

- Continued investigation of human sensory performance for optimizing video and audio human-electronic device

interfaces.
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- Continued research to create new social modeling tools for understanding the responses of adversaries,

determining the best practices for containing and deterring the adversary, and developing effective course of

action in non-Western environments for humanitarian and civilian-military operations.

- Continued research of advanced biometrics such as biodynamic signatures to support spirals 2 and 3 of the

Navy Identity Dominance System - Maritime Domain.

- Continued efforts to extend the representational capabilities of cognitive architectures to accommodate aspects

of social cognition and teamwork.

- Continued efforts to develop an empirical understanding and prediction of the behaviors of individuals and

social groups and networks, computational approaches to social network theory and the co-evolution of

adversarial tactics and strategies, algorithms for exploring scenarios that take into account socio-cultural factors;

political and economic factors; local attitudes, values, and social structure.

- Continued research of human activity and intend recognition and dynamic biometrics for improved human

system interfaces and force protection.

- Continued research into probabilistic reasoning in computation cognitive architectures.

- Continued research into computational social neuroscience to provide new models for manpower assignment

and incentivization and new social models of cross-cultural interactions.

- Continued research on models of social dynamics and culture in small scale societies.

- Continued research to explore the development of algorithms to automate assessment of the information value

of Command and Control (C2) related data for next generation C2 systems.

- Continued research to explore to dynamically provide decision support in support of rapid mission planning, re-

planning and execution at command and combatant echelons. Research thrust to include dynamic mapping of

decision space and decision-based, dynamic task allocation algorithms.

- Continued research to explore concepts of operations for the management of information in hybrid autonomous

systems.

- Continued research on social neuroscience of Trust.

- Continued research on data collection and processing for health surveillance and medical assistance.

- Continued research on brain-inspired intelligent systems to enable high-level interaction between warfighters

and autonomous systems.

- Continued research on geography, health and disaster for next generation information systems for collaborative

humanitarian assistance.

- Continued socio-culture research of complex humanitarian operations.

- Continued development of intelligent, embedded assessment for Intelligent Tutoring System (ITS).

- Continued research on socially guided machine learning. This includes robotic teammates learning from human

teachers both by demonstration and verbal instruction.
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- Continued the early exploration of modeling the cognitive basis for human moral judgments.

- Continued research to explore concepts of operations for the management of information in hybrid autonomous

systems.

- Continued research to improve collaborative systems and trust in computer mediated environments.

- Continued research into cost effectively adapting current intelligent tutoring technologies to wider dissemination

across Navy schoolhouses.

- Completed research of advanced biometrics such as biodynamic signatures to support spirals 2 and 3 of the

Navy Identity Dominance System - Maritime Domain.

- Initiated research to address visualization and synthesis from multiple data sources to support autonomous

systems and small hybrid teams.

- Initiated research on portable, intelligent, computer based expert decision aids for maintenance applications.

- Initiated research on computational models for predicting human error on procedural tasks.

- Initiated research on cognitive modeling for cyber security.

- Initiated research seeking a unified theory of the overall decision process, including the role of judgment with

the goal that the unified theory will link currently existing, but isolated, conceptual theories of decision making,

judgment, sensing, and detection.

- Initiated research into strategies for and utility of incorporating uncertainty into planning and asset allocation in

Naval missions.

- Initiated research on human performance sources of cyber vulnerabilities of unmanned vehicle (UxV) systems.

- Initiated human systems integration research to reduce workload and increase operator situational awareness

in command information center.

- Initiated research to understand and dynamically model context in operational decision making.

- Initiated research on statistical language translation for content analysis of threat behaviors and human security

issues.

FY 2016 Plans:

FY 2016 Plans:

Human Computer Interaction/Visualization

- Continue all efforts of FY 2015, less those noted as completed above.

Command Decision Making (CDM)

- Continue all efforts of FY 2015, less those noted as completed above.

Social Network Analysis
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Hybrid Human Computer Systems

Enhancing Warfighter Cognitive Capability

- Initiate research on training and neuro-cognitive plasticity.

FY 2017 Base Plans:
Human Computer Interaction/Visualization
- Continue all efforts of FY 2016, less those noted as completed above.

Command Decision Making (CDM)
- Continue all efforts of FY 2016, less those noted as completed above.

Social Network Analysis
- Continue all efforts of FY 2016, less those noted as completed above.

warfighting problems.

Hybrid Human Computer Systems
- Continue all efforts of FY 2016, less those noted as completed above.

Enhancing Warfighter Cognitive Capability
- Continue all efforts of FY 2016, less those noted as completed above.

Cognitive Science of Learning
- Initiate research on maintenance skill acquisition and retention.

FY 2017 OCO Plans:
N/A

- Continue all efforts of FY 2015, less those noted as completed above.

- Continue all efforts of FY 2015, less those noted as completed above.

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate research on social cyber-behavior, information operations and hybrid warfare.
- Initiate research on data visualization, data fusion and novel information streams for understanding novel

Title: MATHEMATICS, COMPUTER, & INFORMATION SCIENCES
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Description: Efforts include: Mathematical foundation and computational theory and tools for design,
communication, and control of intelligent autonomous systems; theory, algorithms and tools for decision

support; decision theory, algorithms, and tools; heterogeneous information integration, management, and
presentation; information assurance, computation and information foundation for cyber defense, secure and
reliable information infrastructure for command and control; mathematical optimization for optimal resource
allocation and usage; modeling and computation of complex physical phenomena; modeling and computation for
electromagnetic and acoustic wave propagation and scattering; seamless, robust connectivity and networking;
foundations for novel computing hardware, including nanoscale materials, emerging devices and circuits,
emerging computational architecture and nanofabrication.

Accomplishments and plans described below are examples for each effort category.

Funding increase in FY16 is the result of Nanoelectronics effort moving to this R-2 activity from 0601153N R-2
activity Sensors, Electronics and Electronic Warfare (SEEW).

Decrease in 2017 is the result of less investment in the areas of Quantum Information and Magnetic Imaging
Sciences due to the overall decrease in PE funding.

FY 2015 Accomplishments:

- Continued development of mathematical optimization framework and heuristic algorithms that serve as
theoretical and computational basis for network design, resource allocation, and logistics.

- Continued development of improved tactical and battlespace decision aids.

- Continued to refine techniques for extracting maximum knowledge from multi-modal imagery, text, and
multisource signal data.

- Continued to investigate methods to deal with light dispersion on image formation underwater to enable precise
navigation, station keeping, and mapping capabilities for unmanned underwater vehicles.

- Continued efforts for enabling teams of autonomous systems to work together and work on representations for
evolution of cooperative behaviors, including efforts in multi-modal interactions with autonomous systems.

- Continued developing framework for dealing with effect of variable latencies in communication within teams of
humans and autonomous systems.

- Continued efforts on quantum computing and cryptography.

- Continued efforts on model checking and automated theorem prover technologies.

- Continued efforts in mathematical modeling of complex physical phenomena.
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- Continued efforts in mathematical techniques for inverse problems, including reliable approximate solutions in 3

dimensions (3D); adequate representation of the physics of the media and the scatterer; and improved resolution

of structural and material properties.

- Continued focused efforts in development of mathematical foundations for image understanding on a number

of key challenges, such as multimodal imagery representation and metrics, object recognition, scene analysis

and understanding.

- Continued development of mathematical, statistical, and computational framework leading to robust underlying

approaches for automated information integration of disparate sources of data.

- Continued research in cognitive radio and networking protocols.

- Continued research on novel switched mode techniques to overcome radiation efficiency limit in electrically

small antennas.

- Continued research in cross-layer wireless protocols for delay sensitive network traffic.

- Continued multidisciplinary research efforts to focus on intelligent control systems, cooperative behavior

modeling and response, UxV-human interactions and adaptive mission methodologies.

- Continued development of an interaction model of how users characterize visual content and context to

improve video surveillance.

- Continued development of improved formal foundations, methods, and tools for compositional verification and

construction of high assurance software systems.

- Continued investigation of relational constructive induction, semi-supervised learning, and classifier ensembles

to improve collective classification technology and operations based automated decision aids.

- Continued research aiming to develop principled, trustworthy, yet practical and usable approaches to

address the issue of software producibility and the development of complex software systems with ensured

interoperability.

- Continued research into anti-tamper and information assurance: research focused on protection techniques,

architectures, algorithms, protocols that allow for security and cyber situational awareness.

- Continued research to develop mathematical and computational tools for compressive sensing.

- Continued the development of theory and algorithms for quantum communications.

- Continued efforts addressing the representation, computation, and analysis of information from large diverse

data sets.

- Continued research efforts to develop tools for proactive information assurance and cyber space security.

- Continued multidisciplinary research efforts on reasoning for image understanding in uncertain environments.

- Continued multidisciplinary research efforts to provide information assurance foundations for countering the

Botnet threats.
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- Continued research efforts addressing computational complexity arising from network-enabled computing, such
as cyber security, information integration, and intelligent autonomy of networked, cooperative systems.

- Continued mathematical studies to understand the micro-physics of a liquid-solid-gas interaction in turbulent
flow conditions.

- Continued research efforts for mathematical development of physics-based computational and signal
processing techniques for understanding and characterizing biological-acoustical coupling in acoustic wave
propagation and scattering.

- Continued effort to optimize quantum communication bandwidth in noisy environments by developing a new
mathematical representation of quantum information.

- Continued research on mathematical and computational building blocks for machine reasoning and
intelligence.

- Continued multidisciplinary research efforts on knowledge representation and reasoning for decentralized
autonomy.

- Continued research efforts on algorithmic solutions and explicit measurement schemes for networks inference
and monitoring.

- Continued research on novel techniques for interference mitigation.

- Continued efforts to develop computer sciences foundation for quantum information sciences leading to new
ways of computing and communication.

- Continued research to develop a theory of trust-based traffic security by creating models of trust, network
structure and dynamics, and incentives and economics.

- Continued research to develop the foundation for new techniques that enable the adaptive characterization of
evolving computer network traffic patterns.

- Continued research on distributed network synchronization.

- Continued efforts to extend theory of quantum communication channels beyond completely positive channels.
- Continued efforts to leverage node cooperation to counteract interference in tactical networks.

- Completed research on novel switched mode techniques to overcome radiation efficiency limit in electrically
small antennas.

- Completed research to improve teleoperation of robotic manipulators by developing a system trained by a
human operator to perform complex manipulation tasks.

- Initiated research into improving the perceptual abilities of autonomous systems by developing a unified theory
of perception and context that includes spatial and co-occurrence context to enable autonomous systems to
effectively reason about context as part of the perceptual process.
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- Completed research efforts to develop methods and algorithms for computing with natural language.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Continue studies of analog intelligent nanoelectronics computational architecture (transfer from SEEW).

- Continue research on optical and plasmonic properties of graphene in infrared (IR) and terahertz (THz) spectral
regions (transfer from SEEW).

- Continue research on 2D materials other than grapheme (transfer from SEEW).

- Continue research on chemical synthesis of carbon nanostructures (transfer from SEEW).

- Continue research towards detecting and manipulating Majorana fermions in condensed matter systems
(transfer from SEEW).

- Continue studies of topological insulator materials and novel device concepts exploiting properties of transport
in their protected electronic state (transfer from SEEW).

- Continued research on spin dynamics in Group IV semiconductors and related device concepts (transfer from
SEEW).

- Continued research efforts on non-conventional nanofabrication that hold promise for sub-10nm resolution
(transfer from SEEW).

- Continued research on defect engineering and characterization in grapheme (transfer from SEEW).

- Complete research on duel-STM characterization of graphene film (transfer from SEEW).

- Complete studies of chemical vapor deposition (CVD) of graphene on copper (transfer from SEEW).

- Complete research on spin properties in topological insulators (transfer from SEEW).

- Initiate tip-based atomic-scale nanofabrication program (transfer from SEEW).

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete research on novel techniques for interference mitigation.

- Complete research in cross-layer wireless protocols for delay sensitive network traffic.

- Complete research on novel switched mode techniques to overcome radiation efficiency limit in electrically
small antennas.

- Initiate research on dynamic military communications under spectral, spatial and temporal uncertainty.

- Initiate research on broadband channel receiver architectures with interference suppression.

- Initiate research on capacity limits and optimal transmission strategies for heterogeneous networks.

- Initiate research on prioritization, latency, and end-to-end service level guarantees in heterogeneous networks.

FY 2017 OCO Plans:
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N/A

Title: MATERIALS/PROCESSES

Description: Efforts include: structural materials; functional materials; maintenance reduction; environmental
sciences; and manufacturing science. Accomplishments and plans described below are examples for each
effort category. This activity also includes Secretary of Defense directed peer-review basic research to develop
innovative solutions and enhance the science and engineering base.

Accomplishments and plans described below are examples for each effort category.

The increase in funding from FY15 to FY16 is the result of a single year increase in emphasis within the
Department of Defense in the science of Materials & Processes.

The decrease in 2017 is the result of completion of investment in the Affordability (PR-09 PDM2) initiative and
reduction of funding to the Naval Research Laboratory.

FY 2015 Accomplishments:

Structural Materials

- Continued development of first-principles based methodologies for predicting the thermodynamics and kinetics
controlling microstructural evolution for the design of advanced weldable, naval steels.

- Continued quantification of the corrosion effects on fatigue to be incorporated into the Unified Damage Model
(UDM) and validated in a few environmental cases on P-3 aircraft real loads data.

- Continued investigating new carbon nanotubes growth methodologies for improved mechanical behavior of
advanced composites in next generation ship and aircraft structures.

- Continued development of theoretical basis for composite materials behavior based on x-ray computed
microtomography.

- Continued development of understanding and constitutive models of dynamic behavior of naval steels.

- Continued evaluating environmental effects on marine composites and sandwich structures.

- Continued exploration of composition, processing and microstructural evolution in titanium alloys for marine
structures.

- Continued exploration of multienergy processes for zero maintenance coatings.

- Continued investigation of a rapid annealing of surface layers and their effects.

54.513

58.162

52.942

0.000

52.942
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- Continued the investigation of processing science (single crystals, coatings, thermal barrier coatings (TBC),
heat treatment, etc.) to materials performance for turbine engine components to develop relevant process
protocols to optimize and control quality.

- Continued to advance the understanding of processing and deformation mechanisms in nanostructured
ceramic composites and metal alloys to provide new high strength / high toughness materials for Naval
platforms.

- Continued to investigate the use of photorefractive crystals for the demodulation of a distributed fiber optic
Bragg gratings structural health monitoring system.

- Continued research on new hybrid composites that integrate polymers, structural fibers, carbon nanotubes,
ceramics and metals, with improved blast, ballistic, fire resistance and mechanical characteristics with special
emphasis at the interfacial aspects of the new materials.

- Continued efforts to understand and predict salt chemistry effects on high temperature coatings and materials
in naval gas turbine environments.

- Continued establishing fundamental understanding of the dynamic response and failure of marine composites
for development of modeling tools for enhancing dynamic response and projectile resistance for and sandwich
structures, and develop modeling tools.

- Continued development of new methods for room temperature curing and processing of polymer composites
with high temperature thermoxidative stability and fire resistance.

- Continued assessment of the blast resistance of cellular structures as functions of soil characteristics.

- Continued materials and fabrication science for fugitive phase processes for engineered topological structures
for vehicle blast and fragmentation protection.

- Continued exploration of fundamental mechanisms and initiate development of physics-based models of
electrophoretic deposition of ceramic nanoparticles and subsequent sintering.

- Continued physics based models for coupled phenomena in marine composite structures (thermo-mechanical
loads, environmental effects, and fluid-structure interactions.)

- Continued structure and properties of liquid and glassy metals.

- Continued first-principles based methodologies for predicting the thermodynamics and kinetics controlling
microstructural evolution for the design of advanced weldable, naval steels.

- Continued scientific basis for the rational engineering design of Al-alloys for Naval applications.

- Continued development of refractory solid metal carbide composites from metal / polymer precursors.

- Continued establishment of mechanics of crack propagation in aluminum structures, and explore concepts for
enhancing fracture resistance.

- Continued Computer-Aided Materials Design (CAMD) for discovery, synthesis and testing of various materials.
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- Completed first-principles based methodologies for predicting the thermodynamics and kinetics controlling

microstructural evolution for the design of advanced weldable, naval steels.

- Completed scientific basis for the rational engineering design of Al-alloys for Naval applications.

- Completed exploration of multienergy processes for zero maintenance coatings.

- Completed development of materials and fabrication science for fugitive phase processes for engineered

topological structures for ship blast protection.

Functional Materials

- Continued research tools design efforts in electromagnetic and acoustic bandgap materials.

- Continued study of new transduction mechanisms.

- Continued development of the science and technology base for a highly efficient and stable flexible organic

solar cell.

- Continued investigation into the properties and fabrication of novel ceramics which have potential to combine

hardness, strength, and high transmission in the long wave infrared (LWIR) spectral region.

- Continued effort to synthesize beta-SiC power suitable for subsequent densification into transparent beta-SiC

ceramic.

- Continued meta-materials effort to develop negative index materials with dynamic frequency response.

- Continued synthesis and property measurement of new sonar materials predicted by first principle methods.

- Continued expansion of first-principles methods devised to calculate piezoelectric properties of materials for

sonar transducers to calculate additional materials properties for other applications.

- Continued design, processing, and measurements to fashion the new generation of high-strain, high coupling

piezoelectric single crystals into high-performance acoustic transducers for naval sonar systems.

- Continued basic research into material technology associated with the development of active and conventional

armor.

- Continued effort to characterize regenerative bacterial nanowires.

- Continued effort to synthesize cyclic peptide ring modules and polymerize them into peptide nanotube

polymers.

- Continued efforts to utilize chemically modified virus proteins as a scaffold to assemble nanostructured

metamaterials with unique optical properties including negative index of refraction.

- Continued effort to develop surface electrons on diamond.

- Continued efforts to develop oxide materials for power management, sensors, and information storage/

processing.

- Continued effort to use elastic pentamode metafluid materials for acoustic cloaking.
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- Continued effort to develop conjugation strategies that can allow the efficient attachment of multiple biological

moieties to nanoparticles (NPs) in a controlled manner.

- Continued examination of the effects of acoustic perturbations and interactions in reacting flows and determine

how they can be used.

- Continued effort to characterize the properties of chemically reactive flows subject to non-Kolmogorov or non-

equilibrium turbulence, or that creates these types of turbulence.

- Continued exploratory synthesis, electromechanical property evaluation and atomic level analysis of new

quaternary piezocrystals in order to optimize materials properties for specific Navy SONAR applications.

- Continued development of advanced nanostructured magnetic materials for energy applications.

- Continued study of Actuatable Peptidyl Motifs for the Nanoscale Control of Materials within Biological Systems.

- Continued study of Nanoscale Measurements of Protein Modification in Live Cells.

- Completed study of new transduction mechanisms.

- Completed development of cladded single crystal fibers.

Maintenance Reduction

- Continued development of corrosion models.

- Continued mechanistic studies of materials deterioration under chemical environment for ship materials and

their interfaces.

- Continued stainless steel carburization study to enhance corrosion performance.

- Continued the concept study of multiscale corrosion modeling on naval ship materials.

- Continued fundamental theoretical and experimental studies on nanoscale corrosion of metals and alloys.

- Continued corrosion prediction using an integrated deterministic-based model.

- Continued grain boundary engineering to improve corrosion resistance of marine grade aluminum alloys.

- Continued modeling and simulation of corrosion phenomena.

- Continued studies of surface microstructure optimization to enhance corrosion properties of navy marine alloys

- Continued sensor development for monitoring microstructural changes on alloys under thermal and mechanical

stresses.

- Continued research focused on modeling and simulation for platform and system affordability, lifetime

materials, shipboard wireless capability, automation to reduce manning.

- Continued development of ab initio models of corrosion reactions.

- Continued development of coatings capable of actively responding to environmental stresses.

- Continued study of coating failure mechanism on coating-substrate interface.

- Continued research on innovative concepts for effective radiation barrier coatings and ultra-low thermal

conductivity barrier coatings.
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- Continued development of environmental corrosivity modeling.

- Continued development of nanoscale modeling of corrosion kinetics.

- Continued development of surface tolerant coatings.

Environmental Science

- Continued examination of scientific methods for pollution prevention, waste reduction, and hazardous material

reduction for Naval Operations.

- Continued broad based program in anti-fouling and fouling release coatings including investigation of effect of

new polymers, materials, processes, and novel testing methodologies for coating efficacy.

- Continued effort to determine most promising foul-release approaches based on silicones to meet Navy

durability requirements.

- Continued effort to develop Reverse Osmosis (RO) pre-treatment strategies to allow water recycling on ships.

- Continued efforts on treatment strategies of oily water containing synthetic lubricants.

Manufacturing Science

- Continued a multidisciplinary research task into furthering the sciences associated with advances in

manufacturing processes.

FY 2016 Plans:

Structural Materials

- Continue all efforts of FY 2015.

- Complete fundamental theoretical and experimental studies on nanoscale corrosion of metals and alloys.

Functional Materials

- Continue all efforts of FY 2015.

Maintenance Reduction

- Completed grain boundary engineering to improve corrosion resistance of marine grade aluminum alloys.

- Continue all efforts of FY 2015, less those noted as completed above.

Environmental Science

- Continue all efforts of FY 2015.

- Complete efforts on treatment strategies of oily water containing synthetic lubricants.
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Manufacturing Science

- Continue all efforts of FY 2015.

FY 2017 Base Plans:

Structural Materials

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete investigation of processing science (single crystals, coatings, thermal barrier coatings (TBC), heat

treatment, etc.) to materials performance for turbine engine components to develop relevant process protocols to

optimize and control quality.

- Complete research on new hybrid composites that integrate polymers, structural fibers, carbon nanotubes,

ceramics and metals, with improved blast, ballistic, fire resistance and mechanical characteristics with special

emphasis at the interfacial aspects of the new materials.

- Complete structure and properties of liquid and glassy metals.

- Initiate assessment of materials that incorporate directed energy, ballistic, and blast resistance for structural

protection.

Functional Materials

- Continue all efforts of FY 2016.

Maintenance Reduction

- Continue all efforts of FY 2016, less those noted as completed above.

Environmental Science

- Continue all efforts of FY 2016, less those noted as completed above.

Manufacturing Science

- Continue all efforts of FY 2016.

FY 2017 OCO Plans:

N/A

Title: MEDICAL/BIOLOGY 17.845 18.205 17.283 0.000 17.283
Description: Efforts include: Bioinspired autonomous and surveillance systems, and bio-inspired processes,

materials and sensors; synthetic biology for Naval applications; casualty care and management; casualty

prevention; undersea medicine/hyperbaric physiology; biorobotics; expeditionary operations training; stress
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physiology and regenerative medicine. These efforts are coordinated with the Army and Air Force through joint

program reviews and meetings and are complementary, not duplicative.

Accomplishments and plans described below are examples for each effort category.

Funding decrease in FY 2017 results from decreased PE level funding availability resulting in lower investment

levels in each major category of Medical/Biology.

FY 2015 Accomplishments:

Medical Sciences:

Undersea Medicine-

- Continued work on stress physiology, hyperbaric physiology, and biological effects of Naval operational

exposures.

- Continued work in understanding the mechanisms of decompression illness and hyperbaric oxygen toxicity.

- Continued research to explore mechanisms of "ultrasonic" hearing in divers.

- Continued interventions to mitigate underwater sound/blast effects.

- Continued research on improved trauma management in submarine Special Forces operators.

- Continued research on physiological and genetic effects of long-term diving.

- Continued research on individual susceptibilities in extreme environments to include hypoxic and/or hypobaric

conditions.

- Continued research to assess the effects of hyperbaric oxygen therapy on blast-induced histopathological

changes.

- Initiated research into the effects of hyperbaric environments on cellular biology (metabolism and signaling).

Biomedical Sciences and Environmental Physiology-

- Continued research in casualty care and management and casualty prevention, including investigations of

mechanisms of hemorrhagic shock, blast injury, tissue repair, and the biomedical effects of military operational

exposures such as directed energy, hazardous chemicals, and sound.

- Continued research to explore systematic relationships between cognitive and physiological responses to

laboratory tasks under operational conditions.

- Continued research to explore a novel opioid that will produce analgesia as effective as morphine, with minimal

side effects.

- Continued research in genetic basis of psychological stress.
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- Continued research in mitigation of the effects of sleep deprivation.

- Continued research in stress effects on the immune system.

- Continued research with Army, in regenerative medicine (Armed Forces Institute for Regenerative Medicine

(AFIRM)).

- Continued research to discriminate fatigue and stress performance effects.

- Continued research to evaluate the effects of chronic stress on performance.

- Initiated research on individual susceptibilities on health and human performance in military environments to

include heat, cold, enclosed spaces, pressure and acceleration.

- Initiated research on the mechanisms of nitrogen narcosis/high pressure nervous syndrome.

- Initiated investigations of mechanisms of blast-induced neurotrauma at the cellular level.

Biological Sciences:

Naval Biosciences-

- Continued efforts focused on microbe-materials interfacial interactions for detection of materials defects/

failures, including corrosion, and for improved energy harvesting.

- Continued efforts in "smart cell engineering" to design microbes that can sense and destroy other microbes

through antibiotic production, or can "sense" and qualify their surrounding environment and provide information

back to the user.

- Continued research on biofouling with emphasis on barnacle adhesion studies using molecular biology tools.

- Continued research on invertebrate larval settlement and metamorphosis in response to biofilms and various

inhibitors of adhesion.

- Continued efforts to identify molecular biomarkers for battlefield injuries, and high-fidelity biosensors for

detection in vivo.

- Continued research into biomolecular 'logic controllers' for in vivo biosensor and in vivo drug delivery systems.

- Continued synthetic biology efforts for designing organisms with non-natural functions (e.g., light detection,

electrical 'switch' capability, magnetic field production).

- Continued research to identify natural product inhibitors of bacterial folate biosynthesis for development as

antibiotics.

- Continued studies to control the synthesis of patterned materials from the nano-scale to the micro-scale using

bionanotechnology.

- Initiated research on characterizing/manipulating human gut microbiome to understand its role in response to

behavioral and physical stressors.

- Initiated research to integrate programmable, externally-controlled "sensor” cells into micro-robotic devices.
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- Initiated research to characterize gut microbiota in real-time, in vivo.

Life Sciences and Bioengineering-

- Continued combinatorial chemical screens for bacterial communication pathway inhibitors as potential

antibiotics or fouling control agents.

- Continued work to identify plasma biomarkers of domoic acid toxicosis and leptospirosis in California sea lions,

and develop a multiplexed assay to measure those plasma biomarkers.

- Continued research on stem cells in marine mammals and their potential clinical role.

- Continued development of a second set of molecular diagnostic tests for recently discovered viral pathogens of

marine mammals.

- Continued efforts to investigate DNA-scaffold-directed assembly of protein nanoarrays for control over

orientation and position of proteins, and investigate triggered isothermal assembly of DNA nanostructures.

- Continued efforts in comparing commensal/pathogenic microbiomes in to Atlantic bottlenose dolphin and

California sea lion, and for the dolphin diagnosed with chronic/active gastritis.

- Completed development of a second set of molecular diagnostic tests for recently discovered viral pathogens

of marine mammals.

- Initiated development of new tools and techniques for the engineering and characterization of DNA

nanostructures and the control of DNA based nanodevices.

- Initiated the investigation of the material properties of silk proteins in order to facilitate development of

applications.

- Initiated development of field portable sensing platforms for explosives detection.

- Initiated studies on environmental effects on marine invertebrate biofouling.

Neural, Sensory and Biomechanical Systems-

- Continued research efforts focused on developing bio-inspired sensors, vehicles and systems for local

Intelligence, Surveillance and Reconnaissance (ISR), Weapons of Mass Destruction (WMD) detection,

personnel protection and affordability. Research elements include advances in microfabrication, biological

materials, processing techniques, robustness and efficiency of systems.

- Continued research in elucidation of mechanisms of fish electric sense and near field low frequency acoustic

perception.

- Continued research on bacterial/cellular controllers for nano/micro-systems.

FY 2016 Plans:

Medical Sciences:
PE 0601153N: Defense Research Sciences UNCLASSIFIED = el
Navy Page 33 of 58 R-1 Line #3 S




UNCLASSIFIED

Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)

1319171 PE 0601153N / Defense Research Sciences |0000 / Defense Research Sciences
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017

FY 2015 | FY 2016 Base oco Total

Undersea Medicine-

- Continue all efforts of FY 2015, less those noted as completed above.

Biomedical Sciences and Environmental Physiology-

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate research in partnership with the Army to study regenerative medicine (Armed Forces Institute for

Regenerative Medicine Il (AFIRM 11)).

- Initiate research to investigate novel mechanisms to manage the mammalian circadian system for optimized

health and performance.

- Initiate research to develop strategies for nerve cell regeneration.

Biological Sciences

Naval Biosciences-

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate research on tubeworm adhesion science using molecular biology tools.

Life Sciences and Bioengineering-

- Continue all efforts of FY 2015, less those noted as completed above.

Neural, Sensory and Biomechanical Systems-

- Continue all efforts of FY 2015, less those noted as completed above.

FY 2017 Base Plans:

Medical Sciences

Undersea Medicine-

- Continue all efforts of FY 2016, less those noted as completed above.

Biomedical Sciences and Environmental Physiology

- Continue all efforts of FY 2016, less those noted as completed above.

- Initiate research to investigate novel mechanisms to manage the mammalian circadian system for optimized

health and performance.

Combat and Operational BioMedicine
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- Continue all efforts of FY 2016, less those noted as completed above.
- Initiate efforts to study injury mechanisms induced by underwater blast.
- Initiate efforts to study bioderived systems to produce fieldable therapeutics.

Biological Sciences

Naval Biosciences
- Continue all efforts of FY 2016, less those noted as completed above.
- Initiate synthetic biology research in bioelectronics and information processing.

Life Sciences and Bioengineering
- Continue all efforts of FY 2016, less those noted as completed above.

Neural, Sensory and Biomechanical Systems
- Continue all efforts of FY 2016, less those noted as completed above.

FY 2017 OCO Plans:
N/A

Title: OCEAN SCIENCES

Description: Efforts include: littoral geosciences and optics; marine mammals and biology; physical
oceanography and prediction; and ocean acoustics. Accomplishments and plans described below are examples
for each effort category.

Accomplishments and plans described below are examples for each effort category.

Increase in 2016 is the result of initiation of several Department Research Initiatives in several mission impacting
oceanographic processes. Decrease in 2017 is reflected by the decrease in investment in core Physical
Oceanography.

Decrease in 2017 is reflected by the decrease in investment in core Physical Oceanography.

FY 2015 Accomplishments:

77.654

80.618

70.450

0.000

70.450
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Littoral Geosciences and Optics

- Continued efforts to investigate the effects of oceanic biota on the propagation and inversion of multifrequency
acoustical energy.

- Continued investigations of sources and properties of light scatter within the coastal ocean.

- Continued to investigate and characterize the impact of riverine sources of optically-important matter on
underwater visibility, navigation, and surveillance.

- Continued effort to understand the extent and intensity of seafloor gas hydrate accumulations and coastal bio-
optical response to air-ocean forcing.

- Continued programs to estimate optical properties of coastal ocean water from above-surface sensing, using in
situ data for validation.

- Continued studies to predict tidal flat evolution in coastal/riverine/estuarine systems.

- Continued incorporation of improved understanding of tropospheric and stratospheric bulk exchanges, air-sea
interface, boundary layer interface, coastal ocean dynamics, gas hydrate accumulation, and biological responses
into atmospheric and ocean prediction models and tactical aids.

- Continued development of prediction models for distributaries deltaic coastal environments.

- Continued field, modeling and remote sensing studies of currents, waves, sediment transport and bathymetric
evolution of river mouth and inlet environments.

- Continued investigations of radar, hyperspectral and electro-optical remote sensing signatures in littoral
environments.

- Continued development of a new method of data assimilation, adjointless 4D-Var through a combination of
theoretical analysis and numerical simulations to develop the method and estimate its efficiency with respect to
the traditional 4D-Var scheme as well as to use it to generate a sensitivity analysis for targeted observations.

- Continued the effort to identify and isolate the dynamical processes that control the structure and variability of
the Kuroshio and Ryukyu Current using a combination of numerical model simulations and observations and,
explore their interactions between the Ryukyu Island passages.

- Continued studies of Coupled Human-Landscape Interactions in Low-lying Coastal Environments.

- Continued studies of data-assimilative modeling for coupled nearshore-riverine systems.

- Continued the effort to understand and quantify the impact of land fluxes of freshwater and dissolved bio-optical
constituents upon the diurnal and small-scale (days, meters to microstructure) coastal upper ocean response to
atmospheric forcing.

- Completed the development of a numerical model system (composite of new and existing process models and
data bases) and compare with observations, as well as use it to simulate future scenarios to quantify importance
of seafloor carbon to the global carbon cycle now, and in the future.
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- Initiated research efforts to observe, understand, and predict the many intertwined geophysical processes
which are present on the inner shelf.

Marine Mammals and Biology

- Continued field trials of an integrative ecosystem study to provide environmental predictors of whale presence
or absence to reduce impacts of Naval systems to marine mammals.

- Continued new efforts on tracking of marine mammals using data fusion based on tags and remote sensing.

- Continued new efforts to examine physiology of marine mammals in situ and to predict consequences of
physiological and auditory stress to populations.

Physical Oceanography and Prediction

- Continued field studies/modeling to predict propagation and effect on acoustics of non-linear internal waves in
the western Pacific.

- Continued development of a ship wave radar driven wave model to allow high resolution studies of near
surface ocean processes and to support Sea Basing.

- Continued design evaluation for a persistent mobile sampling network based on autonomous undersea vehicle
platform and sensor technologies.

- Continued field programs that demonstrate persistent monitoring and measurement of environmental structures
using gliders.

- Continued workshops to define science needs for Sea Basing.

- Continued an integrated modeling and field experiment on determining custom self-learning wave databases
and forecast systems/ship-movement and engineering systems for Sea Basing.

- Continued an Estuarine-Littoral Processes Interaction field study in muddy and tidal flat dominated regimes
including a data assimilative prediction capability.

- Continued studies of complex ocean currents in the Indian Ocean using gliders and remote sensing methods
being developed to support tactical oceanography.

- Continued studies of internal waves and strait dynamics emphasizing field studies in the Celebes, Philippine,
and Sulu Seas.

- Continued studies to understand how to sample ocean processes with gliders and other autonomous and
remote sensing systems to support tactical oceanography.

- Continued to develop state of the art numerical model assimilation and initialization techniques, improved
physical parameterizations, air-sea interactions, and fidelity for atmospheric and ocean prediction systems.

- Continued development of expert system methods to characterize and predict Riverine/estuarine systems to
support Naval Special Warfare, Marine Expeditionary Forces and new Riverine units.
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- Continued studies of complex ocean currents in the Indian Ocean using gliders and remote sensing methods
being developed to support tactical oceanography.

- Continued studies of ocean and wave response to typhoons and monsoons in the Western Pacific.

- Continued studies of how to predict the 'full battle space environmental cube' using networked sensors and
multiply coupled ocean/wave/atmosphere/acoustic prediction systems to provide Seabase and Fleet/Force
protection.

- Continued extensive 3-year field program on prediction of internal waves.

- Continued extensive internal wave field program off the New Jersey Shelf; field work will coincide with and
complement the Shallow Water Acoustics program.

- Continued an assessment of the role of emerging sub-mesoscale parameterization techniques for improving
next generation high resolution/high accuracy environmental models.

- Continued studies of complex ocean currents in the Indian Ocean using gliders and remote sensing methods
being developed to support tactical oceanography.

- Continued the field and modeling experiments to determine the lateral dispersion and maxing parameterization
needed to understand model turbulence and to model ocean circulation.

- Continued an effort to understand the dynamics that govern spiciness variability, its impact on ocean
circulation, and the competing roles temperature and salinity have on ocean density and sound speed structure
evolution.

- Continued a field and modeling effort to understand and predict the generation and variability of western
boundary currents in the Pacific Ocean.

- Continued a field and modeling effort to understand the coupled physical processes that result in the
propagation of the air-sea mode known as the Madden-Julian Oscillation in the Indian Ocean.

- Continued a field and modeling program to investigate the structure and circulation of the South China Sea and
oceanographic variability along the coast of Vietnam.

- Continued studies of the coupled atmosphere-ocean-cryosphere-wave physics from the submesoscale to
decadal climate scales to permit development of new global coupled modeling systems.

- Continued studies of changes in the Arctic oceanography, meteorology and cryosphere and associated
processes to allow permit development of new prediction models for the Arctic.

- Continued arctic research to develop a new generation of ocean-ice-atmosphere dynamic prediction models,
including process studies involving remote sensing and in-situ observations.

- Continued collaborative studies with Vietnam to observe and model oceanographic processes along the
Vietnamese shelf.

- Continued field experiments using autonomous vehicles to observe topographically-generated currents and
turbulence around islands in the Western Pacific Ocean.
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- Continued research efforts related to the development of an Earth System Prediction Capability to enable

improvements in extended range environmental forecasts.

- Continued the effort to understand the relative importance of key physical processes governing the attenuation

of wave energy in the marginal ice zone (MIZ). Study results will contribute to improved understanding of these

processes for applications in spectral wave and general circulation models (GCMs).

- Initiated research efforts to observe, understand, and predict the evolution of the Marginal Ice Zone in the Arctic

Ocean.

- Initiated in situ, airborne, and remote sensing observational efforts to inform scientific studies of the physical

environment in the Arctic region.

- Initiated research on integrated Arctic System Models to enable improved forecasts of the operational

environment on lead times from hours to months in the Arctic domain.

- Initiated an investigation into the changing surface conditions of the Arctic Ocean, resulting from observed

reductions in sea ice cover.

Ocean Acoustics

- Continued analysis of deep-water acoustic transmissions made in the North Pacific to understand the scattered

sound field due to ocean volume variability and bathymetric features.

- Continued a field and modeling effort to simultaneously study shallow-water medium fluctuations and develop

time reversal communications using adaptive channel equalizers.

- Continued shallow-water, shelf-break measurements and analysis to characterize the effects of the ocean

water column and seabed variability on low- and mid-frequency acoustic propagation and scattering.

- Continued a field and modeling effort to establish the capabilities of underwater acoustic communications for

FORCEnet and persistent undersea surveillance.

- Continued the development and testing of geo-acoustic inversion and extrapolation methods.

- Continued investigations into quantifying, predicting and exploiting uncertainty in acoustic prediction models.

- Continued research to develop complex analytic equations that couple oceanographic modes, both horizontal

and vertical, to their corresponding frequency-dependent acoustic modes to give direct acoustic prediction

capability.

- Continued research to quantify uncertainty in acoustic field computations for multi-scale ocean environments

using novel approaches involving Bayesian prediction and polynomial chaos expansions to embed

environmental uncertainty into multiscale ocean dynamics and acoustic propagation.

- Continued data collection and analysis of deep water ambient noise with emphasis on the Philippine Sea.

- Continued reverberation and clutter modeling studies.

- Continued investigation of acoustic propagation in the Arctic.
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- Continued soft sediment geoacoustic inversion studies with an emphasis on the Gulf of Mexico.

FY 2016 Plans:
Littoral Geosciences and Optics
- Continue all efforts of FY 2015, less those noted as completed above.

Marine Mammals and Biology
- Continue all efforts of FY 2015, less those noted as completed above.

Physical Oceanography and Prediction

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate research on extreme currents and highly variable flow generated by flow encourntering abrupt
topography in the Western Pacific.

- Initiate research on the structure and variability of the Northern Arabian Sea circulation using autonomous,
unmanned sampling systems in order to provide critical basic understanding.

Ocean Acoustics
- Continue all efforts of FY 2015, less those noted as completed above.
- Initiate geoacoustic inversion studies with an emphasis on the New Jersey and Arctic Shelves.

FY 2017 Base Plans:

Littoral Geosciences and Optics

- Continue all efforts of FY 2016, less those noted as complete.

- Complete studies of Coupled Human-Landscape Interactions in Low-lying Coastal Environments.

- Initiate research efforts to observe, understand and predict coastal land-air-sea interactions and identify
needed improvements in operational databases and coupled land-air-sea modeling resolutions, formulations and
implementations.

- Initiate research efforts to model the time-varying shallow-water acoustical environment on HPC resources and
to evaluate these models with field data and underwater remote sensing systems.

Marine Mammals and Biology
- Continue all efforts of FY 2016.

Physical Oceanography and Prediction
- Continue all efforts of FY 2016, less those noted as complete.
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- Complete studies of internal waves and strait dynamics emphasizing field studies in the Celebes, Philippine,
and Sulu Seas.

- Complete studies of ocean and wave response to typhoons and monsoons in the Western Pacific.

- Complete workshops to define science needs for Sea Basing.

- Complete extensive 3-year field program on prediction of internal waves.

- Complete? extensive internal wave field program off the New Jersey Shelf; field work will coincide with and
complement the Shallow Water Acoustics program.

- Complete the field and modeling experiments to determine the lateral dispersion and maxing parameterization
needed to understand model turbulence and to model ocean circulation.

- Complete an effort to understand the dynamics that govern spiciness variability, its impact on ocean circulation,
and the competing roles temperature and salinity have on ocean density and sound speed structure evolution.

- Initiate a modeling and autonomous observation study of the Northern Arabian Sea using floats, gliders, and
drifters.

- Initiate field experiments to investigate changes in Arctic stratification and circulation and related physical
processes in the Beaufort and Chukchi Seas.

- Initiate a multidisciplinary field effort to characterize and understand air-sea-land interactions over the Maritime
Continent in the western Pacific and the impact on intra-seasonal variability and extended-range prediction.

Ocean Acoustics

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete research to develop complex analytic equations that couple oceanographic modes, both horizontal
and vertical, to their corresponding frequency-dependent acoustic modes to give direct acoustic prediction
capability.

- Complete research to quantify uncertainty in acoustic field computations for multi-scale ocean environments
using novel approaches involving Bayesian prediction and polynomial chaos expansions to embed
environmental uncertainty into multiscale ocean dynamics and acoustic propagation.

- Completed soft sediment geoacoustic inversion studies with an emphasis on the Gulf of Mexico.

- Initiate geoacoustic inversion studies with an emphasis on the New Jersey and Artic Shelves.

FY 2017 OCO Plans:
N/A

Title: SCIENCE AND ENGINEERING EDUCATION, CAREER DEVELOPMENT AND OUTREACH

46.266

48.422

46.115

0.000

46.115
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Description: Science and Engineering Education and Career Development activities include DON participation
in science fairs, summer research interns/fellows at Navy laboratories, graduate fellowships for individuals
expected to become members of the engineering faculty at Historically Black Colleges and Universities and
Minority Institutions (HBCU/MIs), and curricular enrichment programs. It is centered on Naval S&T efforts
supporting Science, Technology, Engineering and Math (STEM). Outreach includes the encouragement,
promotion, planning, coordination and administration of Naval Science and Technology.

Funding also supports ONRG International Science Program whose mission is to search the globe for emerging
scientific research and advanced technologies to enable the Office of Naval Research and the Naval Research
Enterprise to effectively address current needs of the Fleet/Forces, and investigate and assess revolutionary,
high-payoff technologies for future naval missions and capabilities. This is accomplished through PHD-level
Associate Director scientists located in Asia, Europe and South America collaborating with international
organizations and researchers through grants in innovative basic research, and establishing quality, relevant
connections between international science and technology (S&T) centers of excellence and DON, DOD, and
other US Government organizations. The direct impact of this investment is to capitalize on international basic
research during unprecedented and dynamic global interdependence, increasing the ability to solve DON S&T
challenges through shared knowledge and technologies with partners during a time of budget constraints.
Additionally, this investment builds global S&T awareness to reduce the risk of potential technological surprise,
and supports theater security cooperation goals to sustain cooperative relationships with an expanding set of
international partners to enhance global security.

The funding increase in 2016 is the result of significant emphasis in the Science, Technology, Engineering and
Mathematics (STEM), HBCU and YIP initiatives.

Funding decrease in FY 2017 results from decreased PE level funding availability resulting in lower investment
levels in each major category of SCIENCE AND ENGINEERING EDUCATION, CAREER DEVELOPMENT AND
OUTREACH.

FY 2015 Accomplishments:

Science, Technology, Engineering and Math (STEM)

- Continued awarding prizes at 400 regional high school science fairs and four national competitions For
Inspiration and Recognition of Science and Technology (FIRST), Junior Science and Humanities Symposia
(JSHS), and Association for Unmanned Vehicle Systems International (AUVSI).
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- Continued supporting high school summer interns at Navy laboratories Science and Engineering Apprentice

Program (SEAP).

- Continued supporting undergraduate/graduate students as summer research interns at Navy laboratories Naval

Research Enterprise Internship Program (NREIP).

- Continued providing graduate fellowship support to HBCU engineering faculty candidates.

- Continued funding Young Investigator Program (YIP) research grants.

- Continued inspiring, engaging, educating and employing exceptional candidates to sustain and enhance the

naval research enterprise.

- Continued funding for the following educational and outreach efforts: Youth Exploring Science (YES), American

Society of Materials (ASM) Teacher Camp, Expanding Your Horizon (EYH), Forest Partners, and Sally Ride

Science, plus SeaPerch, FIRST, and BotBall robotics efforts.

- Continued support for SciGirls, Navy GEMS (Gains in the Education of Mathematics and Science), STEM

Literacy for Navy recruits, Business-Higher Education Forum (BHEF), and the Gulf Coast Initiative.

- Continued new projects to further teacher development and Grades 13/14 STEM degree retention.

- Continued new effort on undergraduate retention in STEM maijors at Minority Serving Institutions.

- Continued new effort for teacher training in STEM for schools in underserved communities.

- Continued new computer science programs for female undergraduates.

- Continued expansion of internships to underserved students.

- Continued Masters in Systems Engineering program at a minority institution in partnership with Assistant

Secretary of the Navy (Research, Development and Acquisition).

- Continued to refocus STEM outreach and education efforts towards demonstrated Navy and Marine Corps

workforce needs and away from areas of responsibility delegated to the National Science Foundation, the

Department of Education, and the Smithsonian Institution.

- Continued to emphasize and expand the NREIP and SEAP summer internship programs.

International Outreach - ONR Global

- Continued international outreach support through ONR Global that provides a conduit for new scientific areas

on the international front and promotes foreign sources of research important to the Naval mission.

FY 2016 Plans:

Science, Technology, Engineering and Math (STEM)

- Continue all efforts of FY 2015.

International Outreach - ONR Global
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- Continue all efforts of FY 2015.

FY 2017 Base Plans:

Science, Technology, Engineering and Math (STEM)

- Continue all efforts of FY 2016.

International Outreach - ONR Global

- Continue all efforts of FY 2016.

FY 2017 OCO Plans:

N/A

Title: SENSORS, ELECTRONICS AND ELECTRONIC WARFARE (EW) 53.730 46.459 46.907 0.000 46.907
Description: Efforts include the basic research portions of: Sensing, diagnostics, and detectors; navigation and

timekeeping; nanoelectronics; wide band gap power devices; real-time targeting; Electro-Optical/Infra-Red (EO/

IR) electronics; EO/IR electronic warfare; EO/IR sensors for surface/aerospace surveillance; Radio Frequency

(RF) sensors for surface/aerospace surveillance; solid state electronics; vacuum electronics; and RF electronic

warfare.

Accomplishments and plans described below are examples for each effort category.

Funding decrease in FY2016 is the result of Nanoelectronics effort moving to the 0601153N R-2 activity

Mathematics, computer, and Information Sciences (MC&IS).

Funding increase in 2017 is the result of overall PE funding level increase.

FY 2015 Accomplishments:

- Continued monolithic integration of multifunctional materials to enable passive devices and sensors into wide

bandgap semiconductor circuits.

- Continued investigation of physical basis for improved time and frequency standards using quantum-entangled

ions and atoms.

- Continued investigation of ultra-high speed logic and multiple-quantum-well devices with a goal of >500

gigahertz (GHz) samplers, in support of mixed signal circuits for receiver analog-to-digital converters (ADC's).

- Continued program to extend device performance and architectures to frequencies approaching terahertz

(THz).
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- Continued program to incorporate Magnesium Diboride (MgB2) tunnel junctions into simple electronic logic
structures.

- Continued study to determine if the coupling between spins in quantum dots mediated by the virtual excitons is
sufficiently strong for use in solid state implementations for quantum information.

- Continued program on advanced epitaxial growth for novel Si-based detector applications.

- Continued development of a blind adaptive beamforming approach for the High Frequency (HF) radar case and
compare with both the conventional and traditional approaches.

- Continued development of approaches for probability of detection for deterministic signals in stationary noise
and quantify for non-stationary noise.

- Continued development of electromagnetic ultra-near-field holography.

- Continued development of sensitive miniature fluxgate magnetometers.

- Continued projects to explore physical behavior of full arrays of nanoscale devices for logic, memory, and
imaging.

- Continued a program to apply innovative mass nanofabrication techniques to previously developed nanodevice
arrays.

- Continued a program on the control of deleterious defects in silicon carbide (SiC).

- Continued a program on the study of Quantum Dots and their application to coherent wave function control and
quantum information.

- Continued a program on the tailoring of the optical, structural and electronic properties of semiconductor
quantum wires.

- Continued a program to demonstrate non-volatile memory, based on spin-torque Magnetic Random Access
Memory (MRAM), with switching speed > 1 GHz and write currents small enough (<1 mA) to be driven by
superconducting Rapid Single Flux Quantum (RSFQ) logic.

- Continued a program to determine if the newly invented Reciprocal Flux Quantum Logic in fact delivers 2x
higher speeds with 5x fewer Josephson junctions and power, while using the same underlying devices so that
single chip hybrid circuits between it and the dominant RSFQ logic are feasible.

- Continued demonstrations of tunable analog filters made in a digital Nb device foundry.

- Continued work on optical manipulation of ultra-cold atoms.

- Continued investigation of temporal-spatial noise shaping circuits and architectures for high power digital-
to-analog conversion with objectives of doubling spectral bandwidth, reduction of element density (15%), and
extension of multidimensional Nyquist limits to both linear and planar arrays.

- Continued the evaluation and assessment of hardware-compatible space-time algorithms for Digital Signal
Processor (DSP) applications to Transmit/Receive (T/R) arrays.
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- Continued research to improve mixed signal l1l-V device and circuit modeling with objectives of achieving a 30
dB dynamic range improvement for complex circuits containing over 100,000 devices.

- Continued project to explore graphene based nanoelectronic devices.

- Continued program in chip-scale quantum architectures.

- Continued project to reduce heat transfer through electrical leads in cryogenic packaging.

- Continued project to explore development of devices, sigma delta and time encoder circuits for near THz
switching with objectives of enabling analog and digital conversion at millimeter wave frequencies.

- Continued high-sensitivity magnetometry using quantum logic.

- Continued materials studies of low temperature regenerator (high thermal capacity) materials and/or controlled
flow microstructures with the goal of improving energy efficiency of cryocoolers.

- Continued research into fundamental concepts and mathematics for digital array architectures.

- Continued research to apply carbon nano-tube technology to acoustic sensing.

- Continued research to investigate two-dimensional electron gases in perovskite oxide heterostructures.

- Continued project to investigate self-assembled one-dimensional GaN channels in AIGaN/GaN structures.
- Continued spin-based electronics research.

- Continued graphene physics and bandgap engineering research.

- Continued work on spin properties of graphene.

- Continued research effort to determine the most appropriate tunnel barrier for MgB2 Josephson junctions.
- Continued an effort to grow low defect density, high purity epitaxial 4H-SiC at high growth rates suitable for
high power electronic device applications.

- Continued design, construction, and testing of sonic crystals that can be tuned to have specific acoustic
properties.

- Continued effort to create a physics-based understanding of epitaxial oxides and insulators for use in
applications for advanced electronics.

- Continued investigation into stabilizing in-phase coherent state of coupled systems for coherent power
generation.

- Continued high output impedance solid state device technologies and materials.

- Continued effort to fabricate functionalized micro-opto-mechanical systems for the measurement of
micromechanical photothermal spectra of adsorbed chemical vapor analytes.

- Continued research effort on chemical synthesis and bandgap tailoring in graphene nanoribbons.

- Continued research on spin dynamics in Group IV semiconductors and related device concepts.

- Continued research efforts on non-conventional nanofabrication that hold promise for sub-10nm resolution.
- Continued studies of the physics origin of noise and behavioral fluctuations in superconducting circuits,
especially analog to digital converters, and incorporate the understanding into computer aided circuit simulators.
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- Continued studies of the generation and recombination dynamics of non-equilibrium quasiparticles associated
with digital switching events in superconducting logic.

- Continued investigation of metamaterials with embedded active devices to better understand multidimensional
signal processing from RF through THz frequencies.

- Continued effort on nuclear optical frequency standard in Thorium 229.

- Continued studies of intraband transitions in wide bandgap quantum wells.

- Continued studies of the use of non-linear optical (phonon-photon interactions) phenomena as a method of
cooling to cryogenic temperatures.

- Continued effort to investigate statistical representations of target and signal techniques.

- Continued studies of chemical vapor deposition (CVD) of graphene on copper.

- Continued research on defect engineering and characterization in graphene.

- Continued studies of how to prevent flux trapping and diagnose its occurrence in complex superconducting
circuits and to design real time expert measurement systems in general for testing of new designs defined in
VHSIC (Very High Speed Integrated Circuits) Hardware Description Language (VHDL).

- Continued MgB2 Josephson junction work with first tests of 10 device logic cells to determine likely clock
speeds of this new materials technology.

- Continued high output impedance solid state amplifier technologies.

- Continued program of ultraprecise gravitational measurements using atom interferometers.

- Continued research on graphene based high performance flexible electronics.

- Continued research on DNA based carbon nanotube sorting and placement.

- Continued investigation of electrical stress characterization and Gallium Nitride transistor stability.

- Continued development of a path-integral-based theory of wave propagation in bounded, disordered media.
- Continued effort to develop multiple layered semiconductor quantum dots for infrared optical applications.

- Continued research on characterization and control of graphene edge effects.

- Continued research on electronic functionality in DNA nanostructures.

- Continued research on chemical functionalization and self-assembly of graphene nanostructures.

- Continued studies of how best to densitify superconducting circuits using new third generation Nb devices
including what new layers devoted to resistors, filters, power distribution or wiring would provide the greatest
system benefit.

- Continued research on correlated electron materials for high performance electronic devices.

- Continued effort to study novel oxide materials with high electron densities for high performance transistors.
- Continued research on synthesis of electronic Boron Nitride films.

- Continued research on defect characterization of single layer Boron Nitride.

- Continued studies of analog intelligent nanoelectronics computational architecture.
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- Continued research on new class of superconductors or devices in which competition between

superconducting and magnetic ordering is involved.

- Continued research on multi-THz electromagnetic devices lying within the intersection of high-speed electronic

materials, photonic materials and active metamaterials.

- Continued research on semiconductor nanowire array based transistors operating in the quantum capacitance

limit for highly linear RF electronic devices and photonic nanoresonators.

- Continued research on 2D materials other than graphene.

- Continued research on spin properties in topological insulators.

- Continued research on chemical synthesis of carbon nanostructures.

- Continued research towards detecting and manipulating Majorana fermions in condensed matter systems.

- Continued studies of topological insulator materials and novel device concepts exploiting properties of transport

in their protected electronic state.

- Continued efforts to improve the sensitivity of superconducting quantizers, mechanisms to achieve >20 GHz in-

building wireless (IBW) in analog to digital converters, and explore origins of non-linearities in quantizers.

- Continued studies of whether superconducting qubits can act as controllable sources of microwave entangled

photons and whether these plausibly have application to quantum radar.

- Continued study of active control of biomolecular binding on surfaces.

- Continued search for sustainable replacements for semiconductors and strong magnets.

- Continued study of sensing, selection and control of marine microbes.

- Continued effort to develop techniques for the atomic layer deposition of high-quality dielectric films on

semiconductor surfaces with extremely low interface state densities.

- Continued effort to determine the feasibility and develop a greater understanding of defect science in SiC

epitaxial layers on low offcut substrates suitable for power electronic applications.

- Continued fundamental investigation onto the synthesis and material properties of graphene, boron nitride and

other two dimensional materials; identify potential exploitation avenues.

- Continued development of the method of moments solvers for millimeter wave region targets

- Continued development of phase-only pattern synthesis for transmit arrays.

- Continued development of a new theory of inference for statistical signal processing.

- Continued research to control quantum dot excitations by using acoustic phonons.

- Continued development of mathematical and numerical tools to understand stochastic prediction and control of

delay coupled dynamical systems.

- Continued effort to develop novel Interfacial Misfit (IMF) & Selective Area Pillar (SAP) techniques for molecular

beam epitaxy (MBE) growth of non-lattice matched IlI-Sb alloys with low defect densities & favorable band

alignments for a new generation of IR optical devices.
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- Continued effort to develop mid-, far-infrared and terahertz nanophotonic optical components using optic

phonon modes within polar dielectrics.

- Continued research on optical and plasmonic properties of graphene in infrared (IR) and terahertz (THz)

spectral regions.

- Completed efforts on alternative tunnel barriers for Niobium (Nb) electrode Josephson junctions for third

generation digital devices.

- Initiated effort to maintain the ten (10) femto-second jitter produced by high speed long Josephson junction

(LJJ) clocks as these pulses propagate to their point of use in coherently sampling multiple ADC and devise a

Josephson junction based way of phase locking a LJJ clock to an external master clock.

- Initiated non-equilibrium k-space transport studies.

- Initiated research on micro plasma based materials, devices, and circuits.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Transfer studies of analog intelligent nanoelectronics computational architecture.

- Transfer research on optical and plasmonic properties of graphene in infrared (IR) and terahertz (THz) spectral

regions.

- Transfer research on 2D materials other than graphene.

- Transfer research on chemical synthesis of carbon nanostructures.

- Transfer research towards detecting and manipulating Majorana fermions in condensed matter systems.

- Transfer studies of topological insulator materials and novel device concepts exploiting properties of transport

in their protected electronic state.

- Transfer research on spin dynamics in Group IV semiconductors and related device concepts.

- Transfer research efforts on non-conventional nanofabrication that hold promise for sub-10nm resolution.

- Transfer research on defect engineering and characterization in graphene.

- Complete research on duel-STM characterization of graphene film.

- Complete studies of chemical vapor deposition (CVD) of graphene on copper.

- Complete research on spin properties in topological insulators.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete research on heterojunction bipolar transistors with diamond collectors.

- Complete research on optical modulators using vanadium oxide.

- Complete research on phosphorene field-effect transistors.

- Complete research on transistors based on lanthanum-doped barium tin oxide.
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- Initiate research on chalcogenide-based phase-change materials for photonics.

- Initiate research on improved thermal conductivity and contact resistance of germanium telluride for RF

switches.

- Initiate research exploiting non equilibrium k-space transport in electronic devices for high efficiency signal

generation and information processing.

- Initiate research exploiting avalanche transport phenomena in wide bandgap materials and devices.

FY 2017 OCO Plans:

N/A

Title: WEAPONS 17.562 18.209 18.252 0.000 18.252
Description: Efforts include: undersea weaponry; energetic materials and propulsion; expeditionary operations

(communications, materials for forensic sensing, landmine detection, human sensory enhancements, lightweight

power sources and information efficiency); counter directed energy and applied electromagnetics.

This activity also includes Secretary of Defense directed peer-review basic research to develop innovative

solutions and enhance the science and engineering base.

Accomplishments and plans described below are examples for each effort category.

Increase from 2016 to 2017 results from increased PE level funding availability resulting in higher investment

levels in each major category of Weapons.

FY 2015 Accomplishments:

Undersea Weaponry

- Continued conducting basic research related to critical S&T (including vehicle control, maneuverability, and

stability) associated with the development of High-Speed Supercavitating Vehicles (HSSV).

- Continued expansion of the Navy Undersea Research Program (NURP) Program to provide a further infusion

of educated and career minded scientists and engineers in support of the National Naval Responsibility (NNR)

for Undersea Weapons Research.

- Continued computer code refinements and investigation of supercavitating vehicle dynamics and instability.

- Continued evaluation of viable synthesis methodologies and characterization of candidate explosive ingredients

suitable for undersea weapons applications.
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- Continued studies metalized explosives, lattice deformation of crystalline explosives, high thermal conductivity
nanocomposites for vehicle arrays, microplasma fuels reforming and biomimetric propulsion mechanisms for
underwater vehicles exploiting flutter instability.

- Continued validation of hydroacoustics models and test and evaluate acoustic array signal processing
algorithms.

- Continued study on propulsion and its interaction with supercavitating cavity, and control surfaces.

- Continued acoustic concepts formulation and modeling for low-noise bio-inspired propulsion systems.

- Continued new coating concepts for corrosion and anti-fouling protection of UUVs.

- Continued high energy density power system research for under water vehicles.

- Continued concept development on inversion of swarm dynamics for underwater tactical applications.

- Continued development of diagnostic capabilities to accurately determine aluminum combustion characteristics
in oxidizing environments.

- Continued an Otto Fuel Il characterization study for undersea weapons.

- Continued basic research related to cavity stability, vehicle control, maneuverability, stability associated with
the development of high-speed, supercavitating vehicles.

- Continued new, and continue on-going, research in fuzing phenomenology, reactive materials, high oxygen
constituents and insensitive munitions and use of these technologies in advanced warhead concepts.

- Completed efforts in high-oxygen constituents and insensitive munitions.

- Completed Otto Fuel Il characterization study for undersea weapons.

Energetic Materials and Propulsion

- Continued development of a fundamental understanding of initiation mechanisms of explosive crystals
subjected to shock stimulus.

- Continued exploring the use of quantum mechanics and molecular dynamics to provide fundamental properties
for energetic materials to predict initiation/detonation criteria for insensitive munitions applications.

- Continued investigation of JP-10 combustion-based Proton-Exchange-Membrane (PEM) fuel cells.

- Continued investigation of multi-tube multi-nozzle Pulse Detonation Engines (PDEs) and multi-tube common
nozzle PDEs.

- Continued investigation of nanometallic-hydrocarbon hybrid catalytic combustion for increased energy release
rates.

- Continued investigation of novel initiation techniques, including optimized injection parameters, and integrated
single tube operation for PDEs.

- Continued Advanced Energetics research in reactive, explosive, and propulsive energetic materials, including
high energy ingredient synthesis & characterization, and fundamentals of initiation and decomposition
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mechanisms, to tailor energy release processes in order to achieve substantial performance gains and/or

enhanced survivability in harsh environments.

- Continued to develop fundamental understanding of nitramine and perchlorate decomposition mechanisms for

propellant applications.

- Continued to develop organometallic-based highly energetic ingredients.

- Continued efforts to explore alternative fuel concepts for Naval applications to include hydrogen, synthetic

diesel, and biodiesel.

- Continued development of multi-parameter sensor for multi-phase combustion flows (UAV and underwater

PDEs).

- Continued implementation of new & nanostructured materials design concepts for direct energy conversion and

waste energy conversion.

- Continued investigation of integrated pulse detonation engine-airframe for autonomous vehicles, and pulse

detonation for passive weapons (noise, jamming).

- Continued studies to determine the best investment of technologies for Unmanned Undersea Vehicle (UUV)

Guidance and Control (G&C).

- Continued hydroacoustics models and experiments to reduce the self-noise on cavitator acoustic array.

- Continued acoustic signal processing algorithms for HSSV guidance and control.

- Continued development of new concepts for underwater power generation.

- Continued development of non-lethal undersea warheads for Overseas Contingency Operations.

- Continued development of PDE for underwater applications.

- Continued new thrust on the design, synthesis and characterization of high energy dense oxidizers.

- Continued structure property relationship studies on advanced propellant systems and high blast energetic

compositions.

- Continued synthesis and characterization of cluster complexes between reactive metals and energetic

oxidizers and explosives.

- Continued research and development for hypersonic propulsion system technologies for increased range and

speed, improved stealth and maneuverability, reduced emissions and signatures, lower noise, wider operational

envelopes and turndown ratio.

- Continued research into coulombic explosives via unique electronic and structural properties of atomic clusters

not observed in bulk.

- Continued development of a new methodology coordinating both theoretical and synthetic chemistry to

maximize molecular design and predicted molecule stabilities facilitating insight into the next generation of

energetic materials.
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- Continued research to develop ability to synthesize and quantitatively predict energetic material performance

from first principles of quantum chemistry.

- Continued research and development on aircraft, fuels and rocket propulsion system technologies for

increased range and speed, improved stealth and maneuverability, reduced emissions and signatures.

- Continued an investigation that focuses both theoretical and synthetic processes to maximize molecular design

and crystal morphology for new insensitive munition (IM)-compliant commodity energetic material ingredients.

Expeditionary Operations

- Continued investigation of catalysts that reduce the pre-processing requirements for using logistic fuels in solid

oxide fuel cells.

- Continued basic materials research to explore and improve high strain and stress rate performance of high

performance fibers, armor inserts, and structural materials.

- Continued basic research into automated reasoning and data fusion for distributed surveillance.

- Continued fundamental chemistry and materials science research to advance water purification technologies.

- Continued basic research to advance electrochemical energy conversion and storage.

- Continued a Vehicle Autonomy effort focused on unmanned and autonomous systems to displace the operator

from hazardous conditions/environments, lighten the load of individual Marines, and provide greater warfighting

capability.

- Continued a new effort to research peer-to-peer mixed initiative planning to allow unmanned autonomous

systems to collaborate and improve their common operating picture without having to have a human in-the-loop.

- Continued Distributed Trust Models effort to determine USMC S&T gaps hindering dominance in cyberspace.

- Initiated development of collection strategies based on cutset sensor topologies in order to provide enhanced

situational awareness with sparse sampling.

Counter Directed Energy

- Continued investigating the most promising physics, science, and mathematic solutions to protect naval assets

against directed energy threats.

- Continued establishing the basic science and technology issues relevant to the propagation of directed energy

in the atmosphere and its interaction with sensors, electronics and structural materials.

- Continued assessment of theoretical constructs for directed energy (DE) systems detection and geolocation.

- Continued investigation into the susceptibility of critical naval electronic components to electromagnetic

radiation.

- Continued development of courseware for Counter Directed Energy (CDEW) for use at the U.S. Naval

Academy and the Naval Postgraduate School.
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- Continued performance of laboratory experimentation on laser and High Power Microwave protection methods
for future naval aviation systems and platforms.

- Continued development of suitable metamaterial samples which provide electromagnetic shunting and conduct
laboratory testing with laser and microwave systems.

- Continued testing of unmanned systems DE protection methods.

Applied Electromagnetics:

- Continued program to conduct basic research and theoretical analysis in electromagnetic phenomena in
the spectrum from microwaves to visible light. Areas of research will be in microwave directed energy, optical
directed energy (lasers), terahertz sources, and related nanometer-scale electronics and sensors.

FY 2016 Plans:

Undersea Weaponry

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete new coating concepts for corrosion and anti-fouling protection of UUVs.

- Complete computer code refinements and investigation of supercavitating vehicle dynamics and instability.

Energetic Materials and Propulsion

- Continue all efforts of FY 2015, less those noted as completed above.

- Initiate hypersonic aerodynamics, aerothermodynamics and high temperature materials research focused on
challenges resulting from unique Navy platform constraints.

Expeditionary Operations
- Continue all efforts of FY 2015, less those noted as completed above.

Counter Directed Energy
- Continue all efforts of FY 2015, less those noted as completed above.

Applied Electromagnetics
- Continue all efforts of FY 2015, less those noted as completed above.

FY 2017 Base Plans:
Undersea Weaponry
- Continue all efforts of FY 2016, less those noted as completed above.
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Energetic Materials and Propulsion

- Continue all efforts of FY 2016, less those noted as completed above.

Expeditionary Operations

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete a Vehicle Autonomy effort focused on unmanned and autonomous systems to displace the operator

from hazardous conditions/environments, lighten the load of individual Marines, and provide greater warfighting

capability.

-Complete investigation of catalysts that reduce the pre-processing requirements for using logistic fuels in solid

oxide fuel cells.

- Initiate Dynamical Information Processing for Autonomous Systems.

- Initiate expeditionary basic research efforts in computer science, human-social-cultural interactions and data

science related to distributed systems.

Counter Directed Energy

- Continue all efforts of FY 2016, less those noted as completed above.

FY 2017 OCO Plans:

N/A

Title: BASIC RESEARCH CHALLENGE 20.666 20.794 19.082 0.000 19.082
Description: The ONR Basic Research Challenge (BRC) program was established in 2008 to competitively

select and fund promising research programs in new areas not addressed by the current basic research

program. In the past, the Basic Research Challenge Program has been integrated into the legacy R2

Activities to illustrate its alignment with the mainstream Naval research disciplines, but with this update BRC

is being identified as its own R2 Activity to call attention to the significance it provides to new areas of Naval

importance. The program stimulates new, high-risk basic research projects in multidisciplinary and departmental

collaborative efforts, and funds topics that foster leading edge science and attract new principal investigators and

organizations. Basic Research Challenge awards are for a period of four years. Topics are submitted by ONR

program officers and are selected for BRC awards by ONR's director of research. Basic Research Challenge

award topics are then issued as a broad agency announcement.

Decrease from 2016 to 2017 results from lower PE level funding availability that will be invested in yet to be

evaluated Challenge proposals
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FY 2015 Accomplishments:

- Continued research into the science of autonomy.

- Continued research into de-centralized on-line optimization.

- Continued research into carbon molecular electronics.

- Continued research into co-prime sensor array signal processing: a new framework for reduced complexity

sensing.

- Continued research into understanding and characterizing intuition for more effective small unit decision

making training technologies.

- Continued research into couplings of ocean to space of ionospheric drivers from below novel electronic devices

based on coupled phase transitions.

- Continued research into biologically inspired flow field computation for sensing and control of ground vehicles.

- Continued research into reduced order representations for design: development of optimized algorithms for

multi-physics based models.

- Continued research into multi-scale nonlinear mechanisms and effects associated with coupling weak energy

into composite explosive compounds.

- Continued research into integration of advanced analysis with materials research.

- Continued research into towards active control of noise from hot supersonic jets.

- Completed research into biologically inspired intelligent metamaterials.

- Completed research into computing with natural language.

- Completed research into the microphysics of a liquid solid gas interaction.

- Completed research into acoustical uncertainty due to marine mammals and fish.

- Initiated competition for new BRC awards to address selected high priority Naval S&T areas, transformational

initiatives, and grand challenges, including strategically important DoN research areas. Approximately four high

priority research topics will be identified to solicit proposals.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those completed in that year.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those completed in that year.

FY 2017 OCO Plans:

N/A

Accomplishments/Planned Programs Subtotals| 434.398| 451.553| 422.748 0.000| 422.748
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N/A

Remarks

D. Acquisition Strategy
Not applicable.

E. Performance Metrics

Defense Basic Research seeks to improve the quality of defense research conducted predominantly through universities and government laboratories. It also supports
the education of engineers and scientists in disciplines critical to national defense needs through the development of new knowledge in an academic environment.
Initial research focus is generally conducted in an unfettered environment because of the nature of basic research, but as more is learned and applications emerge,
individual research projects take on a more applied focus. Individual project metrics then become more tailored to the needs of specific applied research and advanced
development programs. Example metrics include a biporous wick structure for thermal management of power electric modules capable of removing 900 watts

per square centimeter which was recently developed by an academia/industry team. The National Research Council of the National Academies of Science and
Engineering's congressionally directed "Assessment of Department of Defense Basic Research" concluded that the DoD is managing its basic research program
effectively.
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9999: Congressional Adds 0.000 51.684 55.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 106.684
A. Mission Description and Budget Item Justification

Congressional Interest Items not included in other Projects.

B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016

Congressional Add: Program Increase 51.684 55.000

FY 2015 Accomplishments: Expanded and continued basic research efforts to support Navy and Marine Corps

needs in the following areas: Autonomous Systems; Command, Control, Communications and Computers (C4);

Marine as a System; Information Analysis and Decision Support; Intelligence, Surveillance and Reconnaissance;

Logistics; Materials; Operational Environments; Platforms; Power and Energy Technology; Sensors and

Electronics; Warrior Performance and Protection; Weapons and Support (Education and Outreach).

FY 2016 Plans: Expand and further basic research efforts to support Navy and Marine Corps needs in the

following areas: Autonomous Systems; Command, Control, Communications and Computers (C4); Marine as a

System; Information Analysis and Decision Support; Intelligence, Surveillance and Reconnaissance; Logistics;

Materials; Operational Environments; Platforms; Power and Energy Technology; Sensors and Electronics;

Warrior Performance and Protection; Weapons and Support (Education and Outreach).

Congressional Adds Subtotals 51.684 55.000

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

Not applicable.

E. Performance Metrics

Congressional Interest Items not included in other Projects.
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COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
Total Program Element 0.000 94.944 87.223 41.371 - 41.371 39.925 45.953 50.344 52.517| Continuing| Continuing
0000: Power Proj Applied 0.000 94.944 68.723 41.371 - 41.371 39.925 45.953 50.344 52.517| Continuing| Continuing
Research
9999: Congressional Adds 0.000 0.000 18.500 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 18.500

A. Mission Description and Budget Item Justification

The efforts described in this Program Element (PE) are based on investment directions as defined in the Naval S&T Strategic Plan approved by the S&T Corporate
Board (20 Jan 2015). This strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research Enterprise (NRE)
stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps). It provides the vision
and key objectives for the essential science and technology efforts that will enable the continued supremacy of U.S. Naval forces in the 21st century. The Strategy
focuses and aligns Naval S&T with Naval missions and future capability needs that address the complex challenges presented by both rising peer competitors and

irregular/asymmetric warfare.

This PE supports both advanced technology research and near to mid-term transition opportunities. The advanced research focus is primarily on high energy lasers,
Electromagnetic Railgun (EMRG) development, Hyper Velocity Projectiles (HVP), high speed weapon propulsion, and electro-optic/infrared (EO/IR) sensor technologies.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 95.753 68.723 30.624 - 30.624
Current President's Budget 94.944 87.223 41.371 - 41.371
Total Adjustments -0.809 18.500 10.747 - 10.747

» Congressional General Reductions - -

» Congressional Directed Reductions - -

» Congressional Rescissions - -

» Congressional Adds - 18.500

» Congressional Directed Transfers - -

* Reprogrammings 0.784 0.000

* SBIR/STTR Transfer -1.593 0.000

* Program Adjustments 0.000 0.000 10.907 - 10.907

» Rate/Misc Adjustments 0.000 0.000 -0.160 - -0.160
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Research

R-1 Program Element (Number/Name)
PE 0602114N / Power Proj Applied Research

Congressional Add Details ($ in Millions, and Includes General Reductions) FY 2015 FY 2016
Project: 9999: Congressional Adds
Congressional Add: Program Increase 0.000 13.500
Congressional Add: Force Protection Research 0.000 5.000
Congressional Add Subtotals for Project: 9999 0.000 18.500
Congressional Add Totals for all Projects 0.000 18.500
Change Summary Explanation
Technical: Not applicable.
Schedule: Not applicable.
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0000: Power Proj Applied 0.000 94.944 68.723 41.371 - 41.371 39.925 45.953 50.344 52.517| Continuing| Continuing
Research
A. Mission Description and Budget Item Justification
This project addresses the technology issues involving the Navy's capability to project naval power on the broad seas and in the littoral regions.
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
FY 2015 | FY 2016 Base oco Total
Title: DIRECTED ENERGY 40.128 26.885 10.956 0.000 10.956
Description: The goal of this activity is to develop Directed Energy (DE) technology for Navy applications.
The DE program addresses the requirements of future Navy combatants to provide ship defense against the
emerging threats that are proliferating throughout the Navies of the world. The Directed Energy portion of this
activity consists of two elements. The first element involves applied research and development of technologies
supporting advanced accelerators with applications to directed energy weapons.
FY 2015 to FY 2016 decrease in funding is due to completion of the Solid State Laser - QRC program as well as
a continued realignment of Free Electron Laser (FEL) activities.
FY 2016 to FY 2017 decrease in funding is due to Solid State Technology Maturation Program (SSL-TM)
program entering its fabrication and testing phase.
FY 2015 Accomplishments:
Directed Energy and Accelerator Research:
-Continued to develop the most promising component technologies such as normal conducting and super
conducting RF electron beam injectors, advanced high power cathode technologies, high power compact
amplifiers, and advanced mirrors, coatings and optical components capable of handling the significantly higher
energies for potential alignment in a Free Electron Laser.
Solid State Laser - Technology Maturation (SSL-TM):
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-Continued the development of technologies suitable for a solid state laser weapon system, including
technologies for maritime beam director, targeting and laser subsystems, which are capable of supporting future
Navy missions to defeat small boat swarms, UAV swarms, and provide potential ISR disruption and/or defeat.
This work supports future prototype developments and will include laser subsystem (potentially both slab and
fiber solid state systems) and required beam director scientific studies. The focus of the effort will be to support
the development and advancement of future Navy Solid State Laser prototypes, including the development of
lethality studies and atmospheric characterization. These scientific studies are critical to understand and support
missions identified for a layered defensive capability, in the maritime environment, which shall include robust
modeling and simulation of atmospheric absorption and turbulence.

-Conducted lethality testing for notional solid state laser designs. This will include scientific studies of laser
erosion, pitting, and ablation of various target materials for improved modeling and simulation that will support
development of the governing technical requirements for a beam director and targeting system capable of
performing Navy surface ship self-defense missions.

-Continued studies of atmospheric absorption and turbulence, suitable to evaluate notional maritime beam
director subsystems, and including studies in adaptive optics for improved lethality performance in low altitude,
maritime surface conditions. These scientific studies are critical to understanding the impact of boundary layer
and sea-water-air turbulent mechanics on future laser weapons systems and interfaces.

-Continued trade studies on innovative solid state laser subsystems designs, based off industry available
technologies or those technologies identified by the High Energy Laser Joint Technology Office (HEL JTO).
These investments will be considered "break through" type of investments, which require additional scientific
study to determine their potential for near term capability improvements in a future naval prototype system.
-Continued scientific studies on laser subcomponents, including laser pump diodes and laser gain media, which
have the potential to support future acquisition programs, but are based on solid state laser technologies. Efforts
in this area will focus on emerging commercial technologies and government sponsored research, which are
suitable for use in a maritime domain. Research and technology developments will include advancements
suitable for use by either solid state slab or solid state fiber optic laser subsystems - and which if matured, would
enable rapid scientific advancements and improve specific systems performance against key performance
parameters.

-Continued scientific trade studies of notional predictive avoidance systems, which examine the control
interfaces between sensors and future prototypical naval laser weapons, which would provide an inherent
"safe-arm" function for the projecting of laser power at long range (potentially beyond typical visible, line of

sight distances.) Of particular concern is the designs for safety in future laser weapons to halt laser energy
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propagation, while performing Navy surface ship self- defense missions, and avoid inadvertent illumination of
non-threat forces (e.g. friendly sensors or platforms.)
- Conducted component and subcomponent laboratory tests.
Applied Electromagnetics for High Power Weapons
-Completed the development of Gallium Nitride as an advanced nonlinear optic material.
FY 2016 Plans:
Directed Energy and Accelerator Research:
-Continue all efforts of FY 2015 unless noted as completed above.
Solid State Laser - Technology Maturation (SSL-TM):
-Continue all efforts of FY 2015 unless noted as completed above.
-Preliminary Design Review (PDR) for Tactical Laser Core Module (TLCM) planned during 2016
FY 2017 Base Plans:
Directed Energy Research:
- Continue all efforts of FY 2016 unless noted as completed above
Solid State Laser - Technology Maturation (SSL-TM):
- Continue all efforts of FY 2016 unless noted as completed above.
- Conduct Critical Design Review (CDR) for Tactical Laser Core Module (TLCM) planned during FY 2017
FY 2017 OCO Plans:
N/A
Title: HIGH SPEED PROPULSION AND ADVANCED WEAPON TECHNOLOGIES 3.886 3.776 3.813 0.000 3.813
Description: The high speed weapons work in this activity is focused on demonstrating propulsion and vehicle
technologies for Mach3+ to Mach8 capable weapons. This work includes technologies associated with high
acceleration capable projectile structures, high temperature and high strength materials to enable projectiles
to survive high speed launch environment, improved thermal prediction methodologies and test techniques,
wide dynamic pressure adaptable projectile controls and non-explosively launched lethal mechanisms. The high
speed projectile technologies are intended to support long range Naval Surface Fire Support weapons.
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FY 2015 | FY 2016 Base oco Total

FY 2015 Accomplishments:

-Continued technology maturation of advanced airframes and controls, high G-force components and

miniaturization of electronics.

-Continued effort to develop advanced guidance and control technologies for high speed weapons.

-Continued high temperature capable thermal management, insulator and ablative technology investigations.

-Continued high speed propulsion and integrated airframe technology development to enhance system range,

responsiveness and reliability.

-Continued investigations into advanced material solutions to high speed airframes and air systems operating in

maritime environments.

-Transition the Hyper Velocity Projectile (HVP) program to an FNC.

-Initiated high speed hypersonic weapons technology program to provide exploratory development of enabling

very long range hypersonic boost-glide missiles and hypersonic ship-launched projectiles.

-Initiated development of advanced computational and experimental techniques for hypersonic boundary layer

transition.

-Initiated High Temperature thermal management research.

-Initiate Ultra-high temperature materials research for hypersonic leading edges and nose tips.

FY 2016 Plans:

-Continue all efforts of FY 2015 unless noted as completed above.

FY 2017 Base Plans:

-Continue all efforts of FY 2016 unless noted as completed above.

FY 2017 OCO Plans:

N/A

Title: NAVIGATION, ELECTRO OPTIC/INFRARED (EO/IR), AND SENSOR TECHNOLOGIES 3.849 4.505 5.755 0.000 5.755
Description: This activity describes Navy Science and Technology (S&T) investments in the areas of EO/

IR devices and advanced sensors and includes investment/performance in the technology areas of EO/IR,

Electronic Warfare, and Communications.

FY 2016 to FY 2017 increase is due ramp-up of EW Sensor Technology.

FY 2015 Accomplishments:
PE 0602114N: Power Proj Applied Research UNCLASSIFIED T
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B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017

FY 2015 | FY 2016 Base oco Total

Electronic Warfare:

-Initiated development of novel photovoltaic and autonomous soaring technology to enable long range EW

sensor delivery systems

-Continued development of advanced fuel cell technology for UAS to increase on-station time of EW sensors.

-Continued efforts for Unmanned Aerial System (UAS) Based EW: The objective is to develop a System of

Systems (SoS) able to artificially create the appearance of a realistic naval force to many adversary surveillance

and targeting sensors simultaneously. It will benefit the warfighter by providing battle space confusion to

adversary surveillance and targeting systems both above and below water, creating seamless cross-domain

countermeasure coordination, and enabling rapid advanced technology/capability insertion to counter emerging

threats. Technology developments will include reconfigurable and modular EW payloads, Distributed Decoy and

Jammer Swarms (DDJS), effective acoustic countermeasures (CM), and Multiple Input/Multiple Output Sensor/

CM (MIMO S/CM) for false force generation to both above and below water sensors.

- Continued development of ultra-low noise uncooled nanotechnology infrared sensors.

- Continued development of nanoatomic sensor nonvolatile memories.

- Continued development of electronic field of view and zoom imagers.

- Continued the development of an active optics system that can survey a wide area and instantly, non-

mechanically zoom-in on an area of interest for target tracking/identification.

- Continued development of new processes/methodologies to enable construction of composite

countermeasures that fit the engagement timeline while maintaining effectiveness against existing and emerging

IR guided threats.

- Continued effort to develop mid & long wave IR focal plane arrays using graded-band gap W-type-II.

Superlattices with much higher detectivity than that of state-of-the-art HgCdTe (MCT).

- Initiated development and prove a method of more efficiently transporting EW sensors using a low Reynolds

Number regime boundary layer control system.

-Initiated development of a water assisted take-off process for electronic warfare sensors.

-Initiated development of advanced fuel cell technology for UAS to increase on-station time of EW sensors.

Electro Optic/Infrared

- Continued development of next generation IR focal plane sensor and countermeasures to defeat it.

- Continue research to apply manifold modeling and optimal control techniques to airborne EO/IR sensor

systems.
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Electronic Warfare:

- Initiated development of methodology to concatenate nanoparticle structures for spectral control of obscurant

material

- Continued development of next generation IR focal plane sensor and countermeasures to defeat it.

- Continued research to apply manifold modeling and optimal control techniques to airborne EO/IR sensor

systems.

FY 2016 Plans:

-Continue all efforts of FY 2015 unless noted as completed above.

Electronic Warfare

- Continue development of novel photovoltaic and autonomous soaring technology to enable long range EW

sensor delivery systems

Electro Optic/Infrared

- Complete development of structured dielectric elastomers for electromechanical devices and deformable

optics.

- Complete development of magneto-optic materials and ultra-high sensitivity, room-temperature magnetic field

Sensors.

FY 2017 Base Plans:

Electronic Warfare

- Continue ramp-up development of novel photovoltaic and autonomous soaring technology to enable long range

EW sensor delivery systems

-Complete development of advanced fuel cell technology for UAS to increase on-station time of EW sensors.

-Continue development of methodology to concatenate nanoparticle structures for spectral control of obscurant

material

Electro Optic/Infrared

-Complete development of next generation IR focal plane sensor and countermeasures to defeat it.

-Complete research to apply manifold modeling and optimal control techniques to airborne EO/IR sensor

systems.

FY 2017 OCO Plans:
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B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCco

FY 2017
Total

N/A

Title: STRIKE AND LITTORAL COMBAT TECHNOLOGIES

Description: The focus of this activity is on those technologies that will support Naval Precision Strike
Operations and provide the Navy of the future the ability to quickly locate, target, and strike critical targets
ashore.

FY 2015 Accomplishments:

Increased Capability Against Moving and Stationary Targets:

-Continued the development and demonstration of new Electronic Protection (EP) techniques that can
discriminate advanced jamming false targets from true targets and also suppress false targets so that true
targets can be readily detected.

-Complete development of multi-static electronic protection techniques against advanced jamming systems.

Enhanced Weapon Technologies:

-Continue three new products to expand current Counter Air / Counter Air Defense capabilities by providing
improved range and end-game maneuverability while decreasing Time-of-Flight. Specific tasks to begin

design and development phase are: Counter Air Advanced Medium-Range Air-to-Air Missile (AMRAAM)
Improvements / Counter Air Defense / Improvement / High Speed Components.

-Continue development and apply emerging technologies that support delivery of Technology Oversight Group
approved FNC enabling capabilities structured to close operational capability gaps in power projection; package
emerging power projection technologies into deliverable FNC products and ECs that can be integrated into
acquisition programs within a five year period; and mature power projection technologies that support naval
requirements identified within the Sea Strike and FORCEnet naval capability pillars.

Strike Accelerator:

-Continue Strike Accelerator program. This effort will provide an advanced airborne capability to accurately
identify targets using Advanced Target Recognition (ATR). These capabilities are utilizing the F/A-18 E/F,
AESA (Active Electronically Scanned Array) Radar and ATFLIR (Advanced Targeting Forward Looking Infrared)
Sensors.

Multi-Target Laser Designator:
- Continue research for advanced optical techniques to defeat SWARM attacks.

0.757

0.737

0.909

0.000

0.909
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Selectable Output Weapon:
-Continue Selectable Output Weapon Sea Strike Project
High Energy Fiber Laser System:
-Continue development an advanced laser beam control, pointing mechanism and power subsystem to support
an airborne laser weapon system. This system will provide the detection and defeat of current and future threats.
FY 2016 Plans:
-Continue all efforts of FY 2015 unless noted as completed above.
FY 2017 Base Plans:
-Continue all efforts of FY 2015 unless noted as completed above.
FY 2017 OCO Plans:
N/A
Title: ELECTROMAGNETIC GUNS 46.324 32.820 19.938 0.000 19.938
Description: This activity is the Electro Magnetic (EM) railgun program that is focused on developing the
technology to launch a long range projectile from Navy ships. EM railgun is being considered for multi-mission
applications including USMC Naval Surface Fire Support, anti-surface warfare (ASUW) and ship self defense
from missiles and small boat threats.
FY 2015 to FY2016 decrease is due to the completion of pulsed power development and fabrication required to
support repetitive rate testing.
FY 2016 to FY 2017 decrease is due to the completion of majority of long lead barrel buys with continued barrel
testing required.
FY 2015 Accomplishments:
-Continued additional next generation pulsed power fabrication as part of a multi-module, multi-year build to
increase full scale rep rate capability from 20MJ to 32MJ muzzle energy capability.
-Continued effort to understand the technology required to launch hypervelocity projectiles in only a 4 meter long
barrel at 10 rounds per minute.
-Continued launcher development.
PE 0602114N: Power Proj Applied Research UNCLASSIFIED T
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-Continued material, physics and thermal property research for single shot launchers, pulsed power and

projectiles for 32MJ muzzle energy launch; and initiated assessments from next generation, rep rate, and

operational environments.

-Continued IPT and Bore Life Consortium collaborations for 32 MJ launchers.

-Continued material applications and component design assessments for next generation repetitive fires.

-Continued development of modeling and simulation capability to support bore life development and testing for

rep rate bore life development assessments.

-Continue pulsed power development and fabrication required to support repetitive rate testing.

FY 2016 Plans:

-Continue all efforts of FY 2015 unless noted as completed above.

-Complete pulsed power development and fabrication required to support repetitive rate testing.

FY 2017 Base Plans:

-Continue all efforts of FY 2016 unless noted as completed above.

-Complete majority of long lead barrel buys with continued barrel testing required.

-Complete effort to understand the technology required to launch hypervelocity projectiles in only a 4 meter long

barrel at 10 rounds per minute.

-Complete additional next generation pulsed power fabrication as part of a multi-module, multi-year build to

increase full scale rep rate capability from 20MJ to 32MJ muzzle energy capability.

FY 2017 OCO Plans:

N/A

Accomplishments/Planned Programs Subtotals 94.944 68.723 41.371 0.000 41.371

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

N/A
PE 0602114N: Power Proj Applied Research UNCLASSIFIED T ———
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E. Performance Metrics

This PE develops early components technologies that can be integrated into weapon systems that meet warfighter requirements. Most of the work in this PE can be
classified between Technology Readiness Level (TRL) 2 (technology concept and/or application formulation) and TRL 4 (component and/or breadboard validation in
laboratory environments). The metrics used to evaluate 6.2 programs are necessarily less precise than those used in 6.3 programs.

The metrics for this PE can be divided into two categories: technological and organizational/functional. Technological metrics address the success of the work
performed. The primary technological metrics used in this PE involve laboratory experiments/tests demonstrating proof of the concept for the technology. This
demonstration is frequently a hand-assembled functioning breadboard of the concept. The organizational/functional metrics applied to this PE include: transition of the
technology to advanced development in a 6.3 PE and applicability of the technology to documented warfighter problems or requirements. Successful implementation of
these categories would result in the application of a pass/fail metric and further evaluation for possible transition to a 6.3 development/demonstration program.
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Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)
1319/2 PE 0602114N / Power Proj Applied 9999 / Congressional Adds

Research

COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost

9999: Congressional Adds 0.000 0.000 18.500 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 18.500
A. Mission Description and Budget Item Justification
Congressional Interest Items not included in other Projects.
B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016
Congressional Add: Program Increase 0.000 13.500
FY 2015 Accomplishments: N/A
FY 2016 Plans: Additional funds will be utilized towards researching efforts to develop high energy weapons.
These could potentially include Electromagnetic Railgun (EMRG) development and directed energy initiatives.
Increased investments in the Electro Magnetic (EM) railgun would go towards the further development of a
weapon which could be considered for multi-mission applications including USMC Naval Surface Fire Support,
anti-surface warfare (ASUW) and ship self-defense from missiles and small boat threats. Funds used towards
the development of Directed Energy (DE) technologies for Navy applications will go towards addressing
requirements of future Navy combatants to provide ship defense against emerging threats that are proliferating
throughout the Navies of the world.
Congressional Add: Force Protection Research 0.000 5.000
FY 2015 Accomplishments: N/A
FY 2016 Plans: Investments in the Electro Magnetic (EM) railgun would go towards the further development
of a weapon which could be considered for multi-mission applications including USMC Naval Surface Fire
Support, anti-surface warfare (ASUW) and ship self-defense from missiles and small boat threats. Funds used
towards the development of Directed Energy (DE) technologies for Navy applications will go towards addressing
requirements of future Navy combatants to provide ship defense against emerging threats that are proliferating
throughout the Navies of the world.

Congressional Adds Subtotals 0.000 18.500
C. Other Program Funding Summary ($ in Millions)
N/A
Remarks
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R-1 Program Element (Number/Name)
PE 0602114N / Power Proj Applied
Research

Project (Number/Name)
9999 / Congressional Adds

D. Acquisition Strategy
N/A

E. Performance Metrics
Congressional Interest Items not included in other Projects.
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Date: February 2016

Appropriation/Budget Activity

1319: Research, Development, Test & Evaluation, Navy | BA 2: Applied

R-1 Program Element (Number/Name)
PE 0602123N / Force Protection Applied Res

Research
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
Total Program Element 0.000 159.556 178.616 158.745 - 158.745 164.678 156.832 161.216 163.361| Continuing| Continuing
0000: Force Protection Applied 0.000 136.125 154.916 158.745 - 158.745 164.678 156.832 161.216 163.361| Continuing| Continuing
Res
9999: Congressional Adds 0.000 23.431 23.700 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 47.131

A. Mission Description and Budget Item Justification

The efforts described in this program element (PE) are based on investment directions as defined in the Naval S&T Strategic Plan approved by the S&T Corporate
Board (20 Jan 2015). This strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research Enterprise (NRE)
stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps). It provides the vision
and key objectives for the essential science and technology efforts that will enable the continued supremacy of U.S. Naval forces in the 21st century. The Strategy
focuses and aligns Naval S&T with Naval missions and future capability needs that address the complex challenges presented by both rising peer competitors and
irregular/asymmetric warfare.

This PE addresses applied research associated with providing the capability of Platform and Force Protection for the U.S. Navy. It supports the development of
technologies associated with all naval platforms (surface, subsurface, terrestrial, and air) and the protection of those platforms. The goal is to provide the ability to win or
avoid engagements with other platforms or weapons and, in the event of engagement, to resist and control damage while preserving operational capability. Within the
Naval Transformational Roadmap, this investment directly supports the Theater Air and Missile Defense transformational capability required by Sea Shield and the Ship
to Objective Maneuver key transformational capability. This is accomplished by improvements in platform offensive performance, stealth, and self-defense.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 163.660 154.963 146.800 - 146.800
Current President's Budget 159.556 178.616 158.745 - 158.745
Total Adjustments -4.104 23.653 11.945 - 11.945

» Congressional General Reductions - -0.047

» Congressional Directed Reductions - -

» Congressional Rescissions - -

» Congressional Adds - 23.700

» Congressional Directed Transfers - -

* Reprogrammings -0.331 0.000

* SBIR/STTR Transfer -3.773 0.000

* Program Adjustments 0.000 0.000 14.480 - 14.480
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Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319: Research, Development, Test & Evaluation, Navy | BA 2: Applied PE 0602123N / Force Protection Applied Res
Research
» Rate/Misc Adjustments 0.000 0.000 -2.535 - -2.535
Congressional Add Details ($ in Millions, and Includes General Reductions) FY 2015 FY 2016
Project: 9999: Congressional Adds
Congressional Add: Program Increase 4.061 3.700
Congressional Add: Alternative Energy Research 19.370 20.000
Congressional Add Subtotals for Project: 9999 23.431 23.700
Congressional Add Totals for all Projects 23.431 23.700

Change Summary Explanation
Technical: Not applicable.

Schedule: Not applicable.
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‘Date: February 2016

Appropriation/Budget Activity
1319/2

R-1 Program Element (Number/Name)
PE 0602123N / Force Protection Applied

Project (Number/Name)
0000 / Force Protection Applied Res

Res
COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
0000: Force Protection Applied 0.000| 136.125| 154.916| 158.745 - 158.745| 164.678| 156.832| 161.216| 163.361| Continuing| Continuing
Res

A. Mission Description and Budget Item Justification

B. Accomplishments/Planned Programs ($ in Millions)

This project addresses applied research associated with providing the capability of Platform and Force Protection for the U.S. Navy. It supports the development of
technologies associated with all naval platforms (surface, subsurface, terrestrial, and air) and the protection of those platforms. The goal is to provide the ability to win or
avoid engagements with other platforms or weapons and, in the event of engagement, to resist and control damage while preserving operational capability. Within the
Naval Transformational Roadmap, this investment directly supports the Theater Air and Missile Defense transformational capability required by Sea Shield and the Ship
to Objective Maneuver key transformational capability by virtue of improvements in platform offensive performance, stealth, and self-defense.

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCoO

FY 2017
Total

Title: AIRCRAFT TECHNOLOGY

Description: The Aircraft Technology activity develops technologies for reduced observables technology

and enhanced capability of naval aviation aircraft platforms in terms of mission effectiveness, platform range,
responsiveness, survivability, observability, readiness, safety and life cycle cost. It also develops new Naval air
vehicle concepts and high impact, saleable naval air vehicle technologies, such as - autonomous air vehicle
command and control, helicopter and tilt rotorsystems, aerodynamics, propulsion systems, materials, structures
and flight controls for future and legacy air vehicles.

Variable Cycle Advanced Technology (VCAT) will identify and mature critical, relevant variable/adaptive cycle
propulsion system technologies for the next generation carrier-based Tactical Aircraft (TACAIR)/Intelligence,
Surveillance and Reconnaissance(ISR) systems. Autonomous Aerial Cargo/Utility System (AACUS) will develop
advanced autonomous capabilities to enable rapid resupply of distributed forces in the short term. The Sea-
Based Aviation National Naval Responsibility (SBA NNR) Structures and Materials program will develop

the next generation structural capability and material response science for aircraft technology in fixed and

rotary wing, manned and unmanned airframe technology to achieve reduced weight, increased durability,
strength, streamlined manufacturability, reduced life-cycle cost and maintenance/readiness gaps improvements.
Program payoffs include increased availability/readiness, reduced sustainment requirements, fatigue/loads life
enhancement, reduced weight and improved range, and advanced prognostics design tools.

52.311

68.537

65.452

0.000

65.452
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These efforts addresses unique attributes to propulsion and power technologies for Naval Aviation, as well as

those having higher importance to Naval Aviation and some that are more pervasive to all of military aviation.

Related basic research efforts are addressed under 0601153N.

The funding increase from FY 2015 to FY 2016 is due to the initiation of the joint Tern program and an increase

in AACUS activities as the program enters phase 3.

The funding decrease from FY 2016 to FY 2017 is due to maturation of AACUS technology applied research

effort.

FY 2015 Accomplishments:

-Continue new efforts on high confidence/Safe Autonomous Control in naval environments and on supervisory

control of decentralized heterogeneous UAS.

-Continue SBA NNR related projects in Virtual Ship/Aircraft Dynamic Interface, Manned/Unmanned Handling

Qualities and Control, Automated Deck Operations, High Lift Aerodynamics and Vertical/Short Takeoff and

Landing (V/STOL) Operations.

-Continue applied research efforts under the Sea-Based Aviation National Naval Responsibility Propulsion thrust

area.

-Continue development of rotorcraft/\VTOL systems automated launch and recovery technology.

-Continue mixed-mode mechanical/environmental failure prediction research.

-Continue advanced composite durability technology.

-Continue material degradation risk prediction and operational environment-driven materials selection methods.

-Continue demonstration of initial core software, sensor, air vehicle, and capability applications for Autonomous

Aerial Cargo/Utility System (AACUS).

-Continue the advanced technology demonstration portion of the Variable Cycle Advanced Technology (VCAT)

Program. Critical technology development efforts will begin with major engine manufactures and system

contractors to develop/mature the highest priority, long-lead propulsion system technologies, including variable/

adaptive cycle engine components, for next generation carrier-based TACAIR/ISR systems.

- Continue VCAT Phase | variable cycle engine/propulsion subsystem technology development efforts through

completion.

- Continue to explore and evaluate future aircraft concepts and their associated enabling technologies.

- Continue development of survivability/reduced observables technology. Metrics are classified.
PE 0602123N: Force Protection Applied Res UNCLASSIFIED

Volume 1 -94

Navy Page 4 of 24

R-1 Line #5




UNCLASSIFIED

Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name)
1319/2 PE 0602123N / Force Protection Applied 0000 / Force Protection Applied Res
Res
B. Accomplishments/Planned Programs ($ in Millions) FY 2017 | FY 2017 | FY 2017
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- Initiate new efforts on safe-perception based autonomous control in complex naval environments and on
autonomy to support combined unmanned and manned air systems/units.
- Initiate airplane launch and recovery component and subsystem technology developments to enable medium
size long endurance, long range UAVs to be launched and recovered on short deck ships.
FY 2016 Plans:
- Continue all efforts of FY 2015, unless noted as completed above.
FY 2017 Base Plans:
- Continue all efforts of FY 2016, unless noted as completed above.
FY 2017 OCO Plans:
N/A
Title: FLEET FORCE PROTECTION AND DEFENSE AGAINST UNDERSEA THREATS 2.507 2.532 2.527 0.000 2.527
Description: Fleet Force Protection and Defense against Undersea Threats efforts include applied research
for complementary sensor and processing technologies for platform protection. Current small platforms
(both surface and airborne) have little to no situational awareness (SA) or self-protection against air, surface,
and asymmetric threats. A goal of this activity is to provide these platforms with effective self-protection.
The technology areas specific to platform protection will develop individual, multispectral electro-optical
(EO), infrared (IR), radio frequency (RF), electro-magnetic (EM), visual and acoustic or chemical sensors/
biosensors and associated processing. To defend platforms from current and advanced threats in at-sea littoral
environments and in port, these technologies must improve multispectral detection and distribution of specific
threat information.
FY 2015 Accomplishments:
Sensors & Associated Processing:
-Continued Electrochemical sensors for the distributed, remote detection of explosives
-Continued efforts in biomimetic sonar systems for operation in air and aquatic environments based on bat
echolocation neurophysiology and information processing algorithms.
-Continued efforts in biomimetic signal processing: panoramic periscope for submarines and temporal pattern
recognition for Systems for Security Breaching Noise Detection.
-Continued efforts in bioinspired quiet, efficient and maneuverable self-propelled line array using high-lift
propulsors based on insect biomechanics.
-Continued studies to develop catalytic activity profile of bioactive coatings against chemical agents.
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-Continued design and initiated fabrication of coatings to degrade both, chemical and biological agents.
-Continued efforts to design microfabricated system for 3-color fluorescence measurements using integrated
waveguides.
-Continued effort to develop new, highly selective, preferential oxidation catalysts for the generation of power
from the reformate gas purification process.
-Continued effort to develop aspheric gradient index optics.
- Completed development of distributed environmental microsensors for analyte dectection.
- Completed a capability to examine via analysis and modeling protytype electronic attach concepts against
radars in expanded spectral bands.
- Initiated effort to develop an implosion-resistant hydrogen storage technology for use in undersea fuel cells.
- Initiated development of wide area standoff detection of explosives
FY 2016 Plans:
Sensors & Associated Processing:
- Continue all efforts of FY 2015, unless noted as completed above.
FY 2017 Base Plans:
Sensors & Associated Processing:
- Continue all efforts of FY 2016, unless noted as completed above.
FY 2017 OCO Plans:
N/A
Title: ADVANCED ENERGETICS 5.052 5.408 5.339 0.000 5.339
Description: Advanced Energetics efforts address technology development to provide substantial improvements
in energetic material systems and subsystems, primarily in terms of performance, but also addressing safety,
reliability, and affordability concerns. Goals include: advanced energetic materials for warheads, propellants,
and reactive material based subsystems for both defensive and offensive applications. Efforts include:
development of new fuels, oxidizers, explosive ingredients and formulations; and reliable simulation tools and
diagnostics to develop and design superior-performance, and/or reduced-vulnerability systems tailored to
specific warfighter missions.
FY 2015 Accomplishments:
- Continued process research and development of Ammonium Nitrotetrazolate-2N-oxide (AONT).
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- Continue the processing optimization design of material compositions for Reactive Material explosive fragment
applications.

- Continued optimization and refinement studies of Poly NitratoOxetane (3-PNO) process for solid rocket motor
propellants.

- Continued the development of a reliable chemical scale-up and material specification process techniques.

- Continued ultra-high density reactive material investigations (13 - 15 grams/cc) for the next generation reactive
material warhead material (formulations, material properties, target interaction, letality models, and experiments).
- Continued Advanced Energetics research in development and evaluation of advanced explosive/propellant/
reactive ingredients and formulations for the next generation higher performing systems.

- Continued non-traditional energy conversion studies with columbic and cluster material investigations.

- Continued Advanced Energetics research in development of advanced directed hydro-reactive material
warhead concepts to enhance performance of undersea warheads.

- Continued proof of concept efforts to develop insensitive explosives, propellants, and munitions without
compromising performance. This work involves development of high quality, small particle energetic ingredients,
novel processing techniques, and advanced energy conversion concepts; and involves both theoretical and
experimental efforts.

- Continued Advanced Energetics research in advanced multiphase blast concepts employing dense metalized
explosives to enhance performance of air and underwater blast warheads.

- Continued Advanced Energetics research in development and diagnostics of novel energy conversion concepts
to enhance performance, more efficiently exploit available energy, and more effectively couple energy to target
for air, surface, and underwater warhead application

- Continued research in technology development for the next generation reactive material warhead concepts
formulations, material properties, and energy release experiments for highly reactive materials, high density
reactive materials and novel reactive structural materials. Transition application specific target interaction,
lethality modeling and ordnance specific experiments and demonstrations to Electromagnetic Rail Gun, PE
0603114N.

- Continued development and evaluation of energetic ingredients and formulations for next generation higher
performance applications. Concluded scale-up development and testing.

- Continued the processing optimization design of material compositions for Reactive Material explosive
fragment applications.

- Continued ultra-high density reactive material investigations (13 - 15 grams/cc) for the next generation

reactive material warhead material (formulations, material properties, target interaction, lethality models, and
experiments)
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- Continued the development of a reliable chemical scale-up and material specification process techniques.

percussion primers.

- Completed Advanced Energetics research in development of advanced directed hydro-reactive material
warhead concepts to enhance performance of undersea warheads.

- Completed process optimization of Ammonium Tetrakis (3,5-Dinitro-1,2,4-Triazolyl) Borate (ATDTB).

- Initiated research on new caged nitramines

- Initiated process research and development of 1,1'-Diamino4,4',5'5'-Tetranitro-2,2'-Biimidiazole (DATNBI)
- Initiated process research and development of 1-Fluoro-4,5-Dinitroimidazole.

FY 2016 Plans:
- Continue all efforts of FY 2015, unless noted as complete above.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, unless noted as complete above.

- Initiate electric on/off propulsion system studies for advanced solid and liquid rocket compositions

- Initiate process research and development of Dihydroxylammonium Dinitramino Azoxy Furazan (DDAF)

- Initiate process research and development of Ammonium-3,4,5,-trinitropyrazolate (ATNPz)

- Complete ultra-high density reactive material investigations (13 - 15 grams/cc) for the next generation
reactive material warhead material (formulations, material properties, target interaction, lethality models, and
experiments)

- Complete process research and development of 1,1'-Diamino4,4',5'5'-Tetranitro-2,2'-Biimidiazole (DATNBI)
- Complete process research and development of 1-Fluoro-4,5-Dinitroimidazole.

FY 2017 OCO Plans:
N/A

- Completed Studies on MTX-1 (1-[(2E)-3-(1H-tetrazol-5-yl)triaz-2-en-1-ylidene] methanediamine), an additive to

Title: SURFACE SHIP & SUBMARINE HULL MECHANICAL & ELECTRICAL (HM&E)
Description: Efforts include: signature reduction, hull life assurance, hydromechanics, distributed control for
automated survivability (includes damage control), and advanced naval power systems.

Signature reduction addresses electromagnetic, infrared, and acoustic signature tailoring, both topside and
underwater.

71.788

73.888

80.882

0.000

80.882
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Hull life assurance addresses development of new structural system approaches for surface ships and
submarines, including the management of weapons effects to control structural damage and the improvement of
structural materials.

Hydromechanics addresses hydrodynamic technologies, including the signature aspects of the hull-propulsor
interaction and maneuvering.

Distributed intelligence for automated survivability addresses both the basic technology of automating machinery
control systems, as well as, distributed control of systems utilizing autonomy for mission context based
reconfiguration.

Unmanned Sea Surface Vehicle applied research includes short-term motion forecasting for recovery of
USSVs on a host ship in higher sea states and determination of slamming loads on high-speed planing hulls for
structural weight reduction.

Advanced naval power systems efforts address electrical and auxiliary system and component technology

to provide improvement in energy and power density, operating efficiency and recoverability from casualties.
Advanced Naval Power efforts include: developing technologies to improve warfighting capability with more
energy efficient systems; mitigate adverse impacts of alternative fuel on Naval platforms and equipment; and
utilizing the Electric Ship Research and Development Consortium (ESRDC) efforts to develop modeling and
simulation tools to provide critical design & operational capabilities for the all-electric ship program, accelerate
development and demonstration of technologies, reduce risk of new technology insertion and address the
national shortage of electrical power engineers.

Long Endurance UUV technologies will deliver to the Office of Naval Research modular fuel cell systems for
UUVs, including practical systems demonstrations, and a path forward for future developments. It will also keep
the US Navy at the forefront of advanced electric propulsion technologies.

The funding increase from FY 2015 to FY 2016 is due to the initiation of a new Leap Ahead effort called Medium
Displacement Unmanned Surface Vehicle (MDUSV) program.
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The funding increase from FY 2016 to FY 2017 is due to the ramping up of the MDUSV program and the Applied
Research Challenge (ARC) effort.

FY 2015 Accomplishments:

Survivable Platforms - Reduced Signatures:

- Continued advanced numerical acoustic codes (and gridding methods for those codes) for submarines.

- Continued Alternating Current (AC) propagation experiments.

- Continued the next generation Infrared Electro-Optic Visual (IR/EO/VIS) model for surface ships by
development of mitigation strategy supporting low observable infrared platforms, development of supporting
physics, and prototype measurement techniques.

- Continued development of quiet control surface design tool based on control surface flow noise studies.

- Continued IR and radar detectability prediction capability.

- Continued surface ship super-conductive degaussing with laboratory demonstration loop for Electromagnetic
(EM) field accuracy measurements and control methods.

- Continued testing on Advanced Electric Ship Demonstrator (AESD) to assess energy propagation and acoustic
radiation mechanisms and to develop mitigation concepts for surface ships.

- Continued Improved Corrosion Related Magnetic (CRM) Field Prediction Model to design compensation
systems to reduce ship's CRM signature.

- Continued assessment of ship bi-static Radar Cross Section (RCS).

- Continued large-scale tests on AESD to develop signature prediction and design tools for surface ship
incorporating a variety of propulsion technologies including external podded propulsion.

- Continued experimental effort to characterize electric drive motor signature mechanisms and verify modeling
and simulation approaches for signature prediction.

- Continued development of modeling methods and noise control concepts for modular/reconfigurable submarine
architectures.

- Continued investigation into hull treatment concepts for acoustic signature/vibration control for surface ships.
- Continued development of signature modeling approaches for electric actuation and alternate electric drive
system architectures.

- Continue development of Low Probability Intercept (LPI) technologies for surface ship emissions including
communication, navigation, electronic warfare, and combat systems.

- Continued advanced EM modeling tools development and validation.

- Continued modeling of hydroacoustics of turbulence-propulsor interaction.
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- Continue joint effort with UK/MoD on adhesively joined aluminum in lieu of welding of marine structures and

thus reduce cost.

- Continued joint effort with the Netherland Royal Navy (NLRN) on adhesive joined composite to metals in lieu of

bolting of marine structures and thus reduce cost for topside structures.

- Continued efforts on shock mitigation and shock diversion for ship hulls to reduce cost of machinery mounts

and equipment, based on successful results from the Explosion Resistant Coatings (ERC) helmets for protection

against Traumatic Brain Injury (TBI)

- Continued utilization of condition-based maintenance systems for platform underwater signature assessment.

- Continued development of signature monitoring and management capability of a surface ship propulsion

system for underwater acoustic signatures.

- Continued development of global optimization of damped structures.

- Continued development of non-intrusive sensing method to measure component acoustic signatures.

- Continued to develop improved processing techniques for acoustics experiments.

- Continued development of a prediction and monitoring tool for underwater signatures.

- Completed mmWave Signatures measurement to identify key signature characteristics.

- Completed IR assessment of two advanced treatments.

- Completed first of a series of IR validation experiments and critical sensitivity analysis.

- Completed development of advanced RF metamaterials for platform signature control.

- Completed next generation deckhouse integration technology development.

Survivable Platforms - Hull Life Assurance:

- Continue efforts on combinations of highly rate-sensitive materials through experiment and modeling for

extreme hyper velocity threat conditions.

- Continued development of global surface wave measurement capability for ship models.

- Continued Dynamic Behavior of Composite Ship Structures (DYCOSS) (joint effort with Dutch Navy).

- Continued development of structural analysis codes describing failure mechanism of sandwich composites.

- Continued Explosion Resistant Coatings (ERC) effort, providing US input to trilateral agreement with UK and

Australia.

- Continued composite and composite-metal hull performance characterization and testing including structural

loading, thermal stress and signatures.

- Continued effort on an advanced class of polymers as a follow-on to current ERC for application against

advanced threats.

- Continued Payload Implosion and Platform Damage Avoidance efforts.
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- Continued development of advanced analytical, numerical and experimental methods in support of platform

signature reduction.

- Continued effort on exploitation of polymers for the deflection and dissipation of shock wave impact on ship and

submarine hull structures.

- Continued development of lightweight low-cost protection system for specific platforms for protection against

specific large threats).

- Continued development of lightweight protection system for vehicles (MTVR) for protection against specific

small arms and IEDs for the Explosion Resistant Coatings (ERC) program.

- Continued Ship modifications using blisters for application to DDG51 Flight Ill to gain larger displacement for

AMDR and at the same time achieve higher fuel efficiency.

Survivable Platforms - Distributed Intelligence for Automated Survivability:

- Continued development of modeling and simulation methods for robust design and virtual testing of integration

of shipboard auxiliary systems including their control systems.

- Continued research into advanced HM&E system reconfiguration approaches, including agent-based control

systems and algorithms, and model-based reasoning.

- Continued demonstration of Genetic Algorithm(s) for determining optimal distributed system control strategy.

- Continued development of Survivability Analysis Algorithms Operable on a Total Ship Modeling Environment.

- Continued the transition of the small scale hardware-in-the-loop demonstrator to the academic community for

challenge problem formulation.

- Continued demonstration of the developed model based reasoning control algorithms on full scale hardware

test beds.

- Continued development of underwater signature modeling.

Advanced Platforms - Advanced Platform Concepts and Designs:

- Continued validation of asymmetric hull forms with experimental data.

- Continued development of analytical models to further define submarine modular hull concepts.

- Continued development of reliability based design and structural analysis code development.

- Continued development design tools for integrated antenna and composite topside.

- Continued circulation control analysis for three-dimensional flow effects.

- Continued aperstructures microwave communication system.

- Continued concept for Ultra High Frequency (UHF)/Very High Frequency (VHF) aperstructures opportunistic

array (Advanced Hull-form Inshore Demonstrator - AHFID).
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- Continued development of methods for determining reliability and vulnerability of aluminum ship structures.

- Continued large scale demonstration efforts of advanced mitigation technologies.

Advanced Platforms - Hydromechanics:

- Continued experimental database/computational tools development for extreme submarine maneuvers (e.g.,

crashback).

- Continued the validation of circulation control and advanced control surfaces with experiments.

- Continued to investigate improved maneuvering simulation capability for submarines.

- Continued numerical prediction method(s)of waterjet cavitation.

- Continued modeling and simulation of rough-wall boundary layer noise.

- Continued development of podded propulsor design/analysis tools.

- Continued prediction and validation of damaged stability and capsize.

- Continued non-body-of-revolution tool development for advanced submarine configurations.

- Continued the multi-platform interaction analysis and tool development.

- Continued modeling of performance of composite propellers in extreme maneuvers.

- Continued cavitation erosion modeling on compliant surface.

- Completed waterjet efforts, including two-phase waterjet development and RANS code development and

validation efforts.

- Initiated a research on design/analysis methods of ice-capable propellers.

- Initiated a research on the effect of propeller on bubbly flows.

Advanced Naval Power Systems:

- Continued effort to integrate front-and back diamond with high current GaN power switches for advanced

thermal management.

- Continued SIC GTO thyristor designs and testing apparatus to increase the turn-on di/dt and reliability for

pulsed power.

- Continued demonstration of dynamic stability of an advanced intelligent, reconfigurable, solid-state-based,

zonai-electrical-power system that reconfigures within 10 milliseconds.- Continued designing software for the

system manager for the Universal Control Architecture (UCA).

- Continued development of thermal management technology for shipboard power distribution.

- Continued investigation of potential applications of silicon-carbide in future high voltage and high power

applications.
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- Continued improvements in electrical component and device technology allowing a reduction in motor
propulsion and motor controllers weight and volume.

- Continued development of technologies to support dynamic reconfiguration of shipboard systems under
conditions of stressing scenarios and/or system degradation.

- Continued studies of alternative cooling systems for future shipboard radar systems.

- Continued control surface actuator project focused on the technologies needed to define the design space for
control surface actuators supporting submarines.

- Continued development of automated HVAC system architectures for future Naval platforms.

- Continued ship service fuel cell development.

- Continued program to develop and demonstrate 3 - 50 kW class solid oxide fuel cell onboard mobile power
generation capabilities having compatibility with future logistics fuels to enable rapid recharge of batteries and
direct power for C4ISR equipment.

- Continued analytical model and reduced scale component development of power conversion technologies

for multi-function motor drives, bi-directional power conversion modules, and power management controllers
focusing on closing technology gaps associated with Alternative Integrated Power System (IPS) Architectures.

- Continued studies of advanced heating, ventilation, and air-conditioning architectures, including studies of
alternative (nonvapor-compression) refrigeration systems and concepts for waste heat reuse, to enhance ship
cooling and provide thermal energy storage.

- Continued research into the development of fuel chemistries, materials, and energy conversion technologies for
optimal performance in Naval power systems.

- Continued development of robotic Hull BUG and coating technologies to reduce hull biofouling over current
Navy operating conditions which will reduce drag and provide significant power/fuel/cost savings.

- Continued development of fuel cell components needed to make robust, compact, lightweight fuel cell systems
for use in unmanned vehicles.

- Continued development of low cost, light weight, flexible solar cells.

- Initiated effort to make significant impact in high voltage power electronics technology to enable compact power
converters, medium voltage distributed power architectures, new weapons and sensor systems for Navy and
Marine applications.

Surface Ship & Submarine HM&E Applied Research:

- Continued efforts to implement the results from hybrid composite blisters /appendages and their effect on ship
drag resistance and fuel saving performance, motion and stability in ship models to verify computations and
adapt shapes of appendages.
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- Continued to increase emphasis of the Science Advisor engagement within the joint S&T community across

DOD, which will focus on addressing the operational and strategic needs of the Fleet.

- Continued applied research into short-term motion forecasting for recovery in higher sea states.

- Continued applied research into determination of slamming loads on high-speed planing hulls for structural

weight reduction.

- Initiated the ONR Applied Research Challenge (ARC) to stimulate new, high-risk applied research projects in

areas not currently addressed by the current ONR core applied research programs.

- Initiated efforts to implement the results from hybrid composite blisters/appendages and their effect on ship

drag resistance and fuel saving performance, motion and stability in ship models to verify computations and

adapt shapes of appendages.

Advanced ASW Surveillance:

- Initiated development of Long Endurance UUV technologies.

Counter Improvised Explosive Devices:

- Continued efforts to expand counter-improvised explosive devices (C-IED) enhancement to support urgent

operational needs.

- Continued research to analyze and understand enemy threat organizations and networks (both cultural

networks and IT networks)

- Continued research in directed energy weapons with the goal of reducing size, weight, and power requirements

for systems in the detection and neutralization of IEDs.

- Continued research in the mitigation of CIED effects (blast, blunt trauma, ballistics) on personnel.

- Completed effort to develop transparent armor using flawless glass.

- Completed effort on the studies of antennas for high powered microwaves and radio frequency applications.

- Initiated research in Route Reconnaissance and Clearance methodologies to provide standoff detection,

neutralization, and marking of buried and surface laid, on and off route, pressure plate, command wire and radio

frequency initiated explosive obstacles using directed energy and mechanical means on autonomous or semi

autonomous platforms

Signature reduction

- Initiated study of graphene based magnetic tunnel junctions

FY 2016 Plans:
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Survivable Platforms - Reduced Signatures:

- Continue all efforts of FY 2015.

- Initiate planning at-sea experiments to determine principal offenders for small craft airborne and underwater
acoustic signatures.

- Initiate development of high fidelity airborne acoustic propagation and detection model for surfzone and littoral
detection of small craft.

- Initiate development of radar absorbing ballistic composite materials for small craft hull and superstructures.

Survivable Platforms - Hull Life Assurance:
- Continue all efforts of FY 2015, unless noted as completed above.

Survivable Platforms - Distributed Intelligence for Automated Survivability:
- Continue all efforts of FY 2015, unless noted as completed above.

Advanced Platforms - Advanced Platform Concepts and Designs:
- Continue all efforts of FY 2015, unless noted as completed above.
- Initiate activities in understanding platform modification for greater access in polar environments.

Advanced Platforms - Hydromechanics:

- Continue all efforts of FY 2015, unless noted as completed above.

- Initiate efforts to model platform performance and stability as well as propulsor performance in ice
environments.

Advanced Naval Power Systems:

- Continue all efforts of FY 2015, unless noted as completed above.

- Complete effort to integrate front- and back-side diamond with high current GaN power switches for advanced
thermal management.

- Complete SiC GTO thyristor designs and testing apparatus to increase the turn-on dl/dt and reliability of SiC
GTOs for pulsed power.

Surface Ship & Submarine HM&E Applied Research:
- Continue all efforts of FY 2015, unless noted as completed above.
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- Initiate Medium Displacement Unmanned Surface Vessel (MDUSV) program applied research supporting

a highly autonomous control and payloads supporting mine warfare, anti-submarine warfare and electronic

warfare.

Counter Improvised Explosive Devices:

- Continue all other efforts of FY 2015, unless noted as completed above.

Applied Research Challenge (ARC):

- Continue all base program efforts initiated in FY 2015 including network information sciences, long-range

high-resolution imaging, ocean surface scatter in RF propagation, wake measurement technologies, thermal

management systems, high power control modules for ship application, decision support / uncertainty analysis

for operational environments, and reactive composite materials.

Signature reduction

- Continue all efforts of 2015, unless noted as completed above.

FY 2017 Base Plans:

Survivable Platforms - Reduced Signatures:

- Continue all efforts of FY 2016, unless noted as completed above.

- Complete large scale tests on AESD to develop signature prediction and design tools for surface ship

incorporating a variety of propulsion technologies including external podded propulsion

- Complete investigation into hull treatment concepts for acoustic signature/vibration control for surface ships.

- Complete development of signature modeling approaches for electric actuation and alternate electric drive

system architectures.

- Complete utilization of condition-based maintenance systems for platform underwater signature assessment.

- Complete development of non-intrusive sensing method to measure component acoustic signatures.

Survivable Platforms - Hull Life Assurance:

- Continue all efforts of FY 2016, unless noted as completed above.

- Complete Explosion Resistant Coatings (ERC) effort, providing US input to trilateral agreement with UK and

Australia

- Complete composite and composite-metal hull performance characterization and testing including structural

loading, thermal stress and signatures.
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- Initiate Explosion Resistant Coatings (ERC) effort with TTCP countries.
- Initiate development of testing methodologies to validate computational codes and constitutive models for
glassy materials.

Survivable Platforms - Distributed Intelligence for Automated Survivability:
- Continue all efforts of FY 2016, unless noted as completed above.

Advanced Platforms - Advanced Platform Concepts and Designs:
- Continue all efforts of FY 2016, unless noted as completed above.
- Initiate activities in understanding platform modification for greater access in polar environments.

Advanced Platforms - Hydromechanics:

- Continue all efforts of FY 2016, unless noted as completed above.

- Initiate efforts to model platform performance and stability as well as propulsor performance in ice
environments.

Advanced Naval Power Systems:

- Continue all efforts of FY 2016, unless noted as completed above.

- Complete effort to integrate front- and back-side diamond with high current GaN power switches for advanced
thermal management.

- Complete SiC GTO thyristor designs and testing apparatus to increase the turn-on dl/dt and reliability of SiC
GTOs for pulsed power.

- Complete development of robotic Hull BUG and coating technologies to reduce hull biofouling over current
Navy operating conditions which will reduce drag and provide significant power/fuel/cost savings.

Surface Ship & Submarine HM&E Applied Research:
- Continue all efforts of FY 2016, unless noted as completed above.

Counter Improvised Explosive Devices:

- Continue all efforts of FY 2016, unless noted as completed above.

- Complete efforts to expand counter-improvised explosive devices (C-IED) enhancement to support urgent
operational needs.
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FY 2016
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Base

FY 2017
0oCco
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Total

- Complete research to analyze and understand enemy threat organizations and networks (both cultural
networks and IT networks)

- Initiate research and development of modular, reconfigurable, integrated multi-modal stand-off detection and
neutralization of explosive hazard (IED & Mines) system.

Applied Research Challenge (ARC):

- Continue all base program efforts initiated in FY 2016 including network information sciences, long-range
high-resolution imaging, ocean surface scatter in RF propagation, wake measurement technologies, thermal
management systems, high power control modules for ship application, decision support/uncertainty analysis for
operational environments, and reactive composite materials.

FY 2017 OCO Plans:
N/A

Title: NAVAL RESEARCH ENTERPRISE

Description: The IAR R2 activity was stood up in FY 2013 as the Naval Research Enterprise (NRE) to
consolidate all NRE related IAR investments. Projects funded in this R2 Activity are intended to be approximately
2-3 years in length. Based on historical trends approximately 30% of these projects will turn over each year.
The Naval Research Enterprise (NRE) encompasses the Independent Applied Research (IAR) efforts focused
on solving a wide range of Naval Science and Technology (S&T) fleet issues utilizing unique Naval Warfare
Center (WC) laboratory capabilities. Efforts under this activity address the full spectrum of the DON S&T
Strategic Plan technology using focus areas which engage Naval aviation, sea surface, undersea, space,
weapons, communication, information, and human systems. The IAR Program provides participating WCs with
in-house funding for applied research to support the execution of their assigned missions by:

-Developing and maintaining a cadre of active researchers who can distill and extend results from worldwide
research and apply them to solve Naval problems.

-Promoting the hiring and development of talented new scientists and engineers (S&E) with the insurance of
proper mentoring with senior personnel.

-Encouraging collaboration with universities, private industry, and other Navy and Department of Defense
laboratories.

Funded projects are chosen through rigorous internal competition by each WC's selection committee and
typically last two to three years. IAR projects are generally designed to promote investment in high-risk/high-
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FY 2017
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payoff research and also allow young S&Es to manage Navy relevant research projects. A limited number
of successful efforts developed under the In-House Laboratory Independent Research (ILIR) basic research
Program Element 0601152N are matured and further developed under the IAR program with the goal of
transitioning these technologies to the warfighter.

FY 2015 Accomplishments:

- Continued research for the repair and repair process of Navy aircraft and ship alloys such as titanium and high-
strength low-alloy steels, composites, and metamaterials.

- Continued research for highly accurate autonomous unmanned undersea vehicles (UUV) communication and
navigation.

- Completed research for the repair and repair process of Navy aircraft and ship alloys such as titanium and
high-strength low-alloy steels.

- Completed research for warfighter performance predictions utilizing cognitive information and other human
factors to enhance training experience and outcome.

- Completed research on the effects of CMAS (Sand Dust) in Ceramic Matrix Composites (CMCs) to
characterize CMAS and CMAS/salt effects in gas-turbine grade engine environments.

- Completed research on the development and characterization of exploding ink.

- Completed research on advanced submarine air purification.

- Completed research on large-eddy simulations of advanced propulsion technology for UAV weapon systems.
- Completed research on a metamaterial-based buoyant cable antenna with non-uniform loading.

- Completed research of a bioluminescence system for submerged vehicles.

- Inititated FY 2015 projects.

FY 2016 Plans:

- Continue all efforts of 2015, less those noted as completed above.

- Complete all two year efforts started in FY 2015 and three year efforts started in FY 2014. Due to the number
of efforts in this PE, the programs described herein are representative of the work included in this PE:

- Complete research on Bio-inspired Broadband Sonar System for High-resolution Acoustic Imaging
Applications.

- Complete research on Advanced Infrared Suppressor.

- Complete Determining R-45M Prepolymer Characteristics that Optimize Propellant Cure and Mechanical
Properties.
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- Complete Development of Novel Propellants and Explosives Using Resonant Acoustic Mixing (RAM)

Technology.

- Complete study of the Electromagnetic Probability-of-effect Assessment Tool (EMPAT) for High-Power HERO/

EMV Test and Evaluation .

- Complete Examination of Human Performance Characteristics using Eye-tracking and 3D Motion Capture

Gaze Supported Gestures.

- Complete research on Extended Object Tracking in Clutter with Exploitation of Doppler Measurements and

Multi-Scan Detection Clustering.

- Complete Research on Geospatial and Temporal Anomaly Detection using Scalable Cloud-Based Algorithms

- Complete Improving Damage Tolerance Thresholds and Energy Absorption Capacities in Laminated Woven

Composites using Crimp Imbalance and Crimp Imbalance Gradients

- Complete Nondestructive Evaluation (NDE) Enhanced Accelerated Life Testing (ALT).

- Complete Synthesis and Characterization of Novel Reactive Materials by Mechanical Alloying.

- Complete Smoothed Particle Applied Mechanics research.

- Initiate FY 2016 projects.

FY 2017 Base Plans:

- Complete FY 2015 IAR projects which were three years in duration.

- Continue IAR projects initiated in FY 2016.

- Initiate FY 2017 IAR projects that are intended to be approximately three years in length.

FY 2017 OCO Plans:

N/A

Accomplishments/Planned Programs Subtotals| 136.125| 154.916| 158.745 0.000| 158.745

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

N/A
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E. Performance Metrics

This PE supports the development of technologies associated with all naval platforms (surface, subsurface, terrestrial and air) and the protection of those platforms.
Each PE Activity has unique goals and metrics, some of which include classified quantitative measurements. Overall metric goals are focused on achieving sufficient
improvement in component or system capability such that the 6.2 applied research projects meet the need of or produce a demand for inclusion in advanced technology
that may lead to incorporation into acquisition programs or industry products available to acquisition programs. Efforts funded in this PE also include energy programs in
support of SECNAV energy goals and efforts in support of the Ohio Replacement program.
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1319/2 PE 0602123N / Force Protection Applied 9999 / Congressional Adds
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COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total
Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
9999: Congressional Adds 0.000 23.431 23.700 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 47.131
A. Mission Description and Budget Item Justification
Congressional Interest Items not included in other Projects.
B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016
Congressional Add: Program Increase 4.061 3.700
FY 2015 Accomplishments: -Continued and expanded on-going competitive award efforts that improve lithium-
ion battery safety, including non-flammable electrolytes and safer cell technology, to enable broader adoption for
a variety of Navy applications.
-Continued and expanded on-going competitive award efforts organo-polymer materials for capacitive energy
storage and low-cost photovoltaic materials and devices.
FY 2016 Plans: -Continue promising energy storage and power generation research that supports the program
goal.
-Expand the portfolio of materials and architectures to address Naval needs through additional competitive
awards.
Congressional Add: Alternative Energy Research 19.370 20.000
FY 2015 Accomplishments: - Continued microgrid analyses at Naval Facilities in Hawaii to increase energy
security for critical infrastructure and to determine capabilities needed for effective base-to-utility interconnect
under conditions of high-penetration of renewables.
- Commissioned a new hydrogen fueling station at Marine Corp Base Hawaii (MCBH).
- Continued heat exchanger material corrosion evaluation and process control evaluations for Ocean Thermal
Energy Conversion (OTEC) systems.
- Provided Naval Facilities with sea-water air condition (SWAC) cost and performance analysis using new
modeling tools.
- Continued development of sophisticated hydrodynamic tools for design of high performance, high efficiency hull
forms for naval ships and craft.
- Continued evaluation of grid frequency control techniques using grid frequency response and battery state-
of-charge algorithms for lithium-titanate battery system, demonstrating 40% reduction in frequency variability
on grid with high-penetration of wind power, and initiated similar battery approaches at grid locations with high-
penetration of photovoltaics.
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B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016

- Completed evaluation of General Motors Equinox Fuel Cell Electric Vehicles (FCEVs) for non-tactical vehicle

use at Naval Facilities in Hawaii.

- Initiated support for wave energy system environmental characterization and modeling.

- Initiated hydrogen fuel cells research for operations in harsh environments including unmanned vehicles.

- Initiated support for energy storage technologies to mitigate the impact of renewables on grid stability.

FY 2016 Plans: - Continue microgrid analyses at Naval Facilities in Hawaii to increase energy security for critical

infrastructure and to determine capabilities needed for effective base-to-utility interconnect under conditions of

high-penetration of renewables.

- Continue heat exchanger material corrosion evaluation and process control evaluations for Ocean Thermal

Energy Conversion (OTEC) systems.

- Continue development of sophisticated hydrodynamic tools for design of high performance, high efficiency hull

forms for naval ships and craft.

- Continue support for wave energy system environmental characterization and modeling.

- Continue hydrogen fuel cells research for operations in harsh environments including unmanned vehicles.

- Continue support for energy storage technologies to mitigate the impact of renewables on grid stability.

- Complete evaluation of grid frequency control techniques using grid frequency response and battery state-

of-charge algorithms for lithium-titanate battery system, demonstrating 40% reduction in frequency variability

on grid with high-penetration of wind power, and initiated similar battery approaches at grid locations with high-

penetration of photovoltaics.

Congressional Adds Subtotals 23.431 23.700

C. Other Program Funding Summary ($ in Millions)

N/A

Remarks

D. Acquisition Strategy

Not applicable.

E. Performance Metrics

Congressional Interest Items not included in other Projects.
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Research

COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total

Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost

Total Program Element 0.000 44.629 51.643 51.590 - 51.590 53.936 57.036 57.036 51.036| Continuing| Continuing
3001: Marine Corps Landing 0.000 44.629 45.643 51.590 - 51.590 53.936 57.036 57.036 51.036| Continuing| Continuing
Force Tech
9999: Congressional Adds 0.000 0.000 6.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 6.000

A. Mission Description and Budget Item Justification

The efforts described in this Program Element (PE) are based on investment directions as defined in the Naval Science and Technology (S&T) Strategic Plan approved
by the S&T Corporate Board (20 Jan 2015). This strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research
Enterprise (NRE) stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps).

It provides the vision and key objectives for the essential science and technology efforts that will enable the continued supremacy of U.S. Naval forces in the 21st
century. The Strategy focuses and aligns Naval S&T with Naval missions and future capability needs that address the complex challenges presented by both rising
peer competitors and irregular/asymmetric warfare. This PE also directly supports Expeditionary Force 21 (EF 21), which is now the Marine Corps' capstone concept
that establishes the vision and goals for USMC S&T over the next 10 years and provides a plan for guiding the design and development of the future force. One third
of the Marine Corps operating forces will be forward deployed. These forces will be task-organized into a greater variety of formations, capable of operating from a
more diverse array of ships dispersed over wider areas, in order to meet the Combatant Commanders' security cooperation and partner engagement requirements.

In the event of crises, those forces will be able to composite these distributed formations into larger, cohesive naval formations. This presents both challenges and
opportunities for USMC S&T. Expeditionary Force 21 will inform future decisions regarding how the Marine Corps will adjust organizational structure to exploit the

value of regionally focused forces. A fixed geographic orientation will facilitate Marine Commanders and their staffs with more frequent interactions with theater- and
component-level organizations, establishing professional bonds and a shared sense of the area's challenges and opportunities. Expeditionary Force 21 provides the
basis for future Navy and Marine Corps capability development to meet the challenges of the 21st Century. The vision for Expeditionary Force 21 is to provide guidance
for how the Marine Corps will be postured, organized, trained, and equipped to fulfill the responsibilities and missions required around the world. Through Expeditionary
Force 21, the Marine Corps intends to operate from the sea and provide the right sized force in the right place, at the right time.

This PE is organized into nine activities which are represented as seven Expeditionary Warfighting Capability Areas, as well as Future Concepts, Technology
Assessment and Roadmapping, and the Littoral Combat/Power Projection (LC/PP) FNC. The primary objective of this PE is to develop and demonstrate the
technologies needed to meet the Marine Corps unique responsibility of training and equipping the Marine Air/Ground Task Force (MAGTF) for Expeditionary Maneuver
Warfare. In the post-September 11 world, irregular warfare (IW) has emerged as the dominant form of warfare confronting the United States, its allies and its partners;
accordingly, this PE has been structured to account for distributed, long-duration operations, including unconventional warfare, counterterrorism, counterinsurgency,
and stabilization and reconstruction operations. IW emphasizes the use of indirect, non-conventional methods and means to subvert, attrite, and exhaust an adversary,
or render irrelevant, rather than defeat him through direct conventional military confrontation. W is now institutionalized in Marine Corps planning, investment, and
capability development. This PE provides the knowledge base to support Advanced Technology Development (6.3) and is the technology base for future expeditionary
warfare capabilities. This PE supports the Expeditionary Force Development System of the Marine Corps Combat Development Command (MCCDC) and responds
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directly to the Marine Corps Science and Technology (S&T) process as well as supporting related Littoral and Expeditionary Maneuver Warfare capabilities developed
by the Navy's Mission Capability Program. The Future Naval Capabilities (FNC) process is supported and funds are programmed accordingly. The FNC program
explores and demonstrates technologies that enable Sea Strike, Sea Shield, Sea Basing, FORCEnet and Force Health Protection pillars, Space, Naval Expeditionary
Maneuver Warfare and the Enterprise and Platform Enablers. The FNC program comprises Enabling Capabilities (ECs) which develop and deliver quantifiable products
(i.e., prototype systems, knowledge products, and technology improvements) in response to validated requirements for insertion into acquisition programs of record
after meeting agreed upon exit criteria within five years. The core 6.2 program also supports Discovery and Invention (D&l) and Innovation and Transformation (I&T).
Within the Naval Transformation Roadmap, this investment will achieve key transformational capabilities required by the Sea Power 21 Pillars, as well as enable

Ship to Objective Maneuver (STOM), Persistent Intelligence, Surveillance and Reconnaissance and Overseas Contingency Operations (OCO). The Marine Corps
Service Campaign Plan (MCSCP, guided by the Commandant's Planning Guidance, is the lens through which USMC S&T priorities are acted upon to guide the future
development of the Total Force.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 45.782 49.001 49.590 - 49.590
Current President's Budget 44.629 51.643 51.590 - 51.590
Total Adjustments -1.153 2.642 2.000 - 2.000

» Congressional General Reductions - -0.065
» Congressional Directed Reductions - -3.293
» Congressional Rescissions - -

» Congressional Adds - 6.000

» Congressional Directed Transfers - -
* Reprogrammings - -
* SBIR/STTR Transfer -1.153 0.000

» Rate/Misc Adjustments 0.000 0.000 2.000 - 2.000
Congressional Add Details ($ in Millions, and Includes General Reductions) FY 2015 FY 2016
Project: 9999: Congressional Adds
Congressional Add: Cyber Research 0.000 6.000
Congressional Add Subtotals for Project: 9999 0.000 6.000
Congressional Add Totals for all Projects 0.000 6.000
Change Summary Explanation
Technical: Not Applicable.
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Schedule: Not Applicable.
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FY 2017 | FY 2017
Base (o]od0)

Prior
Years

FY 2017

COST ($ in Millions) FY 2015 | FY 2016 Total FY 2018

FY 2019

FY 2020

FY 2021

Cost To
Complete

Total
Cost

3001: Marine Corps Landing 0.000 44.629 45.643 51.590 - 51.590 53.936

Force Tech

57.036

57.036

51.036

Continuing

Continuing

A. Mission Description and Budget Item Justification

This project is organized into nine activities, which are represented as seven Expeditionary Warfighting Capability Areas, as well as Future Concepts, Technology
Assessment and Roadmapping; and the Littoral Combat/Power Projection (LC/PP) FNC. The seven Expeditionary Warfighting Areas support the Discovery and
Invention (D&l) and the Innovation and Transformation (I&T) investment. The LC/PP FNC supports the Exploitation and Deployment (E&D) investment.

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCoO

FY 2017
Total

Title: FIREPOWER

Description: This activity develops technology for application on current and future expeditionary weapons and
elements of the kill chain. It includes, but is not limited to, the following technologies: Fuze, fire control, launch/
propulsion, lethality, and accuracy.

The FY2016 to FY2017 increase in the Firepower Activity is for the increased efforts in High Reliability Dual
Purpose Improved Conventional Munitions (DPICM) Replacement (HRDR) to include projectile integration,
lethality enhancement, fuze setting integration and aerodynamic and aerospace technologies.

FY 2015 Accomplishments:

- Continued development of a concept for an insensitive munitions propulsion system to enable firing a shoulder
launched rocket from an enclosed space.

- Continued investigation of the scalability of variable effects conventional munitions and gun technology for
improving firepower effectiveness while increasing affordability and decreasing logistics burden in support of
expeditionary warfare.

- Continued development of precision fires engagement technologies, to include trajectory shaped 81mm
mortars, 83mm missiles, and smaller precision munitions.

- Continued design and development of lightweight technologies to provide individual Marines enhanced
capabilities to detect and identify man-sized targets at least out to the maximum effective ranges of their
individual weapons, during all conditions (daylight, limited visibility, & darkness), by integrating multiple optics
capabilities into a single system.

- Continued Semi-Autonomous Fires Technology.

4.781
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0.000

6.550
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B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2017 | FY 2017
FY 2016 Base 0oCoO

FY 2017
Total

- Continued Awareness for Lightweight Engagements and Remote Targeting (ALERT) to develop large aperture,
lightweight lens with enhanced fields of view.

- Continued Azimuth and Inertial Micro-electromechanical System (MEMS) Navigation System (AIM) to develop
low cost, precision, inertial navigation systems for use in highly accurate handheld targeting systems, shoulder
launched missiles, and munitions.

- Continued Caseless, Lightweight, Low-volume Round (CLLVR) to develop lightweight, small caliber
ammunition for individual, crew served, and remotely mounted weapons.

- Continued Disruptive Energetic Materials (DEM) to exploit nano-energetics developments for significant
enhancement of explosive yield per warhead mass and volume.

- Completed development of collaborative fires coordination technologies.

- Completed expanded efforts in lightweight weapons and ammunition (crew served weapons, small arms
ammunition, and packaging), to include Caseless (CL) Ammunition. This includes priority USMC fires efforts in
Micro-electromechanical Systems (MEMS) Safe and Arm (S&A), to develop a Military Standard (MilStd) 1316
compliant S&A for incorporation into developmental precision 81mm mortar munitions and MEMS Initiation
Safety Device (ISD), to develop MilStd 1901A compliant igniters for current and developmental weapons
propulsion systems as well as a Revolutionary Target Effects project, to develop conventional warhead concepts
for breaching specific urban targets.

- Completed Targeting & Engagement and Precision Target Location efforts that include Non-Magnetic Azimuth
Sensing (NMAS) Technology by transitioning to the AIM Future Naval Capability project.

- Completed (E&D) portion of NMAS Technology development to reduce size, weight and power (SWaP) while
increasing performance by transitioning to the AIM Future Naval Capability project.

- Completed Hypervelocity Gun Propulsion project, to investigate hypervelocity gun technologies for Marine
expeditionary weapons systems as possible artillery, tank main gun, and/or naval surface fire support
replacement systems.

- Completed Advanced Sensors Applications (ASA) to develop Short Wave Infrared (SWIR) imagers for guided
munitions seekers.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete Disruptive Energetic Materials (DEM) to exploit nano-energetics developments for significant
enhancement of explosive yield per warhead mass and volume.
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- Complete the development of a concept for an insensitive munitions propulsion system to enable firing a
shoulder launched rocket from an enclosed space. This program will transition to the Future Naval Capabilities
program.
- Initiate High-Reliability Dual Purpose Improved Conventional Munitions (DPICM) Replacement (HRDR) to
develop high-reliability sub-munitions fuzing technologies.
FY 2017 Base Plans:
- Continue all efforts of FY 2016, less those noted as completed above.
- Complete Azimuth and Inertial Micro-electromechanical System (MEMS) Navigation System (AIM) to develop
low cost, precision, inertial navigation systems for use in highly accurate handheld targeting systems, shoulder
launched missiles, and munitions.
- Initiate development of concept for thin film materials to thermally mask equipment and munitions and provide
counter rocket, artillery, and mortars (C-RAM) capability for future munitions.
- Initiate development of concepts for a 155mm mortar or self-propelled Howitzer that would utilize existing
stockpiles of 155mm artillery ammunition.
FY 2017 OCO Plans:
N/A
Title: FORCE PROTECTION 5.294 5.567 6.090 0.000 6.090
Description: This activity supports the Force Protection Thrust's applied research program. Technologies are
being developed that focus on the following: Explosive Hazard avoidance, detection, breaching/neutralization,
marking and analysis; Air Defense/Counter Rocket, Artillery, and Mortars; Counter tactical surveillance and
targeting, and technologies for improved protection for individuals including Marine Personnel Protective
Equipment against blast, ballistic and blunt impact threats.
FY 2015 Accomplishments:
- Continued development of technologies for stand-off detection and neutralization of mines, IEDs, and
Unexploded Ordnance (UXO) (Transitioned from Maneuver activity).
- Continued development of technologies to defeat side/top attack and advanced mine fuzes (seismic, acoustic,
and infrared) through advanced signature reduction, duplication, and projection (Transitioned from Maneuver
activity).
- Continued technology development programs to address force protection personal protective equipment
capability gaps (Transitioned from Maneuver activity).
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Base

FY 2017
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- Continued Counter Rockets, Artillery, Mortars, and Sniper efforts addressing indications and warnings for pre-
shot sniper detection and enabling detection of sniper observation and targeting in advance of a ballistic event.

- Continued the development of technologies that will detect and classify optics (sniper scopes, ccds, eyeball,
etc) from a moving platform from an effort that was initiated in FY 2011 due to an urgent operational need.

- Continued a program to determine the feasibility to detect and neutralize anti-helicopter mine threat.

- Continued the refinement and improve current suite of advanced biomechanical instrumentation to assess
potential reductions of Warfighter mobility and functionality caused by PPE systems.

- Continued the scientific investigation into an integrated PPE performance tool for assessing coordinated human
and armor performance (mobility, back-face deformation, area of coverage, propensity for injury and mass).

- Continued program to study the fundamental sciences of homemade explosives due to urgent operational
needs.

- Continued broad based material (ceramics, fiber and fiber re-enforced plastics) studies so that significant
weight reductions (greater than 50%) can be achieved.

- Continued studies to improve ballistic and blast armor material and systems models so that novel concepts can
be evaluated and material property characteristics which provide the necessary improvements can be identified
prior to significant monetary investments.

- Continued modeling and simulation efforts for the Warfighter-as-a-System analysis approach and methodology
combining survivability, mobility, and warfighter performance parameters.

- Continued a program to develop modular mission packages for the detection, neutralization, marking and
reporting of explosive hazards using multiple, existing vehicles in movement to contact and amphibious raid
scenarios.

- Continued a program to study the use of autonomous vehicles in the detection, neutralization, marking and
reporting of explosive hazards using multiple, existing vehicles in movement to contact and amphibious raid
scenarios.

- Completed a study regarding the feasibility of detecting and locating sniper weapons using the return of their
unique radar signatures that was initiated in FY 2011 due to operational urgency.

- Completed spectral signature classification efforts for Mine Counter Measure (MCM) applications (Transitioned
from Maneuver activity).

- Completed the demonstration of the feasibility of a deployable mission package consisting of technologies
capable of screening multiple individuals rapidly over a wide area to detect, classify and track suicide bombers at
relevant distances within a critical time frame.

- Completed a scientific study of laser technology readiness, performing technology roadmapping, and
conducting system level simulations. This effort was initiated in FY 2011 due to an urgent operational need.
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This effort continues in FY 2012 and will assess the suitability of lasers on the battlefield and drive future HEL
technology investment plans and support the acquisition process.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete a program to study the fundamental sciences of homemade explosives due to urgent operational
needs.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete Counter Rockets, Artillery, Mortars, and Sniper efforts addressing indications and warnings for pre-
shot sniper detection and enabling detection of sniper observation and targeting in advance of a ballistic event.

- Complete the development of technologies that will detect and classify optics (sniper scopes, ccds, eyeball,
etc.) from a moving platform.

- Complete the scientific investigation into an integrated PPE performance tool for assessing coordinated human
and armor performance (mobility, back-face deformation, area of coverage, propensity for injury and mass).

- Initiate the study of technologies to enable detection of explosive hazards and surveillance/targeting systems in
complex environments such as jungles and the littoral environment.

FY 2017 OCO Plans:
N/A

Title: FUTURE CONCEPTS, TECHNOLOGY ASSESSMENT, AND ROADMAPPING

Description: This activity supports the planning and integration of technology development efforts across the
entire PE. In conjunction with the Concepts Based Capabilities System and the Marine Corps Warfighting
Laboratory, unique and novel concepts for advanced warfighting are developed and validated. Effectiveness
analyses are conducted to identify the synergistic effects that can be achieved through the integration of
emerging technology with innovative tactics, doctrine, and techniques. Technology assessments are conducted
to determine the supporting technologies that have the highest impact across the warfare areas, and warrant
further investment within this PE. Technology Roadmapping is conducted to help identify opportunities to
leverage technology development within the Department of the Navy and the Department of Defense, as well
as, with the commercial sector and university communities. The resultant technology investment strategy is
developed and used to guide out-year technology development efforts.

FY 2015 Accomplishments:
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- Continued planning and integration of technology development efforts to meet imposing security threats that

challenge our Nation.

- Continued a careful analysis of trends that can identify emerging changes in the security environment that are

likely to have significant implications for U.S. ground forces. The output will be used to reduce risk and hedge

against the surprises that will inevitably occur.

- Continued a review and assess the Marine Corps' required surface connector capabilities specifically exploring

promising and relevant research, technologies, capabilities and opportunities by which the Marine Corps can

anticipate and identify potential solutions that meet the service's surface connector requirements.

- Completed assessments in Lightening the Marine's Load and Enhancing the Capabilities of the Marine Corps

Rifle Squad.

- Completed assessments in Asymmetric/Irregular Warfare and Distributed Operations.

- Completed a Cargo Unmanned Aerial study focused on Ship-to-Objective Maneuver (STOM) and

developmental technologies for expeditionary operations, to include ground autonomous capabilities.

- Completed an assessment of the S&T impacts of the Marine Corps concept of force employment to meet the

need for counterinsurgency and building partnership capacity. How the Marine Corps will support the National

Defense Strategy (NDS) and multinational efforts in the Global War on Terrorism/Long War will have long-term

S&T impacts.

- Completed an assessment of Unmanned Ground Systems Affordability, Experimentation and Rapid

Prototyping Investments and formulate a USMC S&T future strategy.

- Completed an effort focused on the suitability of lasers on the battlefield and formulated future High Energy

Laser technology investment plans that support the acquisition process.

- Initiated a technology assessment for a Cyber/Electronic Warfare Coordination Cell (CEWCC) to enable

seamless integration of kinetic and non-kinetic fires during expeditionary operations.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete a careful analysis of trends that can identify emerging changes in the security environment that are

likely to have significant implications for U.S. ground forces. The output will be used to reduce risk and hedge

against the surprises that will inevitably occur.

- Initiate a review and assessment of Expeditionary Force 21. This new USMC concept describes how the

Marine Corps must deploy and operate, and what force attributes will be required. This study will describe

Expeditionary Force 21 implications for S&T. Nested directly under Cooperative Strategy 21 (Naval Strategy),
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Expeditionary Force 21 covers a 10-year planning horizon that informs, and is informed by, other USMC
concepts and documents.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete a technology assessment for a Cyber/Electronic Warfare Coordination Cell (CEWCC) to enable
seamless integration of kinetic and non-kinetic fires during expeditionary operations.

FY 2017 OCO Plans:
N/A

Title: HUMAN PERFORMANCE, TRAINING AND EDUCATION

Description: This activity addresses the applied research effort of the Human Performance Training and
Education thrust (HPT&E). The HPT&E thrust investment profile is directed at two technology investment areas,
Warrior Resilience, and Decision Making and Expertise Development. The funding aligned to Warrior Resilience
is focused on advanced training technologies and methodologies that enhance neural, cognitive, and physical
readiness. Those funds aligned to Decision Making and Expertise Development refers to training and education
technologies and methodologies that accelerate the development and improve the retention of skills in decision
making, situation awareness, and individual and team adaptability and coordination on decentralized, dynamic
and dispersed battlefields.

FY 2015 Accomplishments:

- Continued studies into next generation physical performance enhancement methodologies and technologies
(enhanced warfighter psycho-physical performance).

- Continued research to evaluate the feasibility of integrating augmented reality technologies into current and
emerging training systems.

- Continued the development of foundational learning theories extended to complex tasks for a range of
expertise levels, training mitigation strategies triggered by neurophysiological markers of learning, cognition and
expertise, and principles of expertise development on a continuum of novice to expert.

- Completed research into a multi-modal framework for assessing stress resiliency; develop, test and evaluate
non-contact, video and audio-based human response measures for use in detecting degree and type of stress
for eventual integration into a resiliency training program.

- Completed research into methodologies for assessing training and for training adaptability, identifying key
salient components of adaptive behavior for Warfighter tactical tasks; research into the development of a
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generalized framework for adaptive behavior that can be applied to any appropriate tactical task, and the

creation of methodologies for training interventions that demonstrates the feasibility of using virtual training

experiences to accelerate the development of adaptive decision-making expertise.

- Completed evaluations of asymmetric distributed learning techniques for distributed operations, language, and

cultural training.

- Completed additional Human Performance and Training efforts (Cognitive and physical enhancement,

modeling and simulation, and virtual reality squad level training in support of Distributed Operations).

- Completed a Mind-Body Integration Systems effort to improve team training by developing and validating

Electroencephalogram (EEG) (and other physiological and performance measures) for use in assessing team

performance, coordination, and cohesion in training environments.

- Completed Advanced Mobile Assessment and Field Readiness Technologies to improve the capability to

assess situational awareness in the field and predict physical performance by developing mobile, rugged tools,

algorithms, and models.

- Completed additional efforts to incorporate effects of nutrition and functional fitness into models and

simulations in the Distributed Operations Virtual Toolkit.

- Completed development of team training mitigation strategies triggered by behavioral and neurophysiological

markers of learning, cognition, and expertise.

- Completed development of team training/immersive approaches towards language and culture training that

incorporate foundational learning theories and other advanced educational methods.

- Completed development of squad-level team training mitigation strategies triggered by behavioral and

neurophysiological markers of learning, cognition, and expertise.

- Completed development of field team performance mitigation strategies triggered by behavioral and

neurophysiological markers of learning, cognition, and expertise.

- Completed research into cold tolerance biomarkers for the individual warfighter.

- Completed research into Acclimatization Strategies for Optimized Performance at Altitude, drawing on findings

from previous research done in the field.

- Completed research into mobile brain imaging to enhance warfighter performance.

- Completed research into haptic solutions for immersive training environments.

- Completed research into skills retention technologies, advancing the Smart Tutoring System.

- Completed research into tools for distributed training (trend analysis).

- Completed research into the architecture for stress, performance, inoculation, resilience, and endurance

(ASPIRE); development of an inductive framework of stressors, stress proneness, and stress resilience, while
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also building an actionable, deductive counterpart of these stress variables that will ultimately include an
operational taxonomy of stress resilience components, combined with an integrated stress resilience framework.
- Initiated research into the effects of glucose administration to mitigate stress reactions in trauma patients.
- Initiated design and development of an automated functional movement screening system to provide a low cost
accurate solution for fit-for-duty evaluations and injury prevention training.
- Initiated development of statistical methods for measuring small unit decision making (SUDM), using previous
work on developing assessments of small unit decision making (e.g., Levels of Mastery), and provide a series
of training sessions on statistical modeling to enable ground work to be laid by SUDM projects to also use
statistical modeling.
FY 2016 Plans:
- Continue all efforts of FY 2015, less those noted as completed above.
- Initiate research into automated simulation content generation via a field worn sensor suite.
- Initiate research for establishing optimal training intervals for improvement in physical performance and warrior
mindset.
FY 2017 Base Plans:
- Continue all efforts of FY 2016, less those noted as completed above.
- Complete the development of foundational learning theories extended to complex tasks for a range of expertise
levels, training mitigation strategies triggered by neurophysiological markers of learning, cognition and expertise,
and principles of expertise development on a continuum of novice to expert.
- Complete development of statistical methods for measuring small unit decision making (SUDM), using previous
work on developing assessments of small unit decision making (e.g., Levels of Mastery), and provide a series
of training sessions on statistical modeling to enable ground work to be laid by SUDM projects to also use
statistical modeling.
- Initiate the use of augmented reality technologies into tactical decision making tools to support information
dominance requirements.
FY 2017 OCO Plans:
N/A
Title: INTELLIGENCE, SURVEILLANCE, AND RECONNAISSANCE (ISR) 2.751 2.893 3.160 0.000 3.160
Description: This activity develops ISR technologies for applications in future intelligence, surveillance, and
reconnaissance. Technologies being pursued enhance situational awareness, persistent surveillance, and
tactical decision making through automated analysis of data and rapid integration of information and acquired
PE 0602131M: Marine Corps Lndg Force Tech UNCLASSIFIED Vol 1-126
Navy Page 12 of 26 R-1 Line #6 oume--




UNCLASSIFIED

Exhibit R-2A, RDT&E Project Justification: PB 2017 Navy

‘Date: February 2016

Appropriation/Budget Activity R-1 Program Element (Number/Name)
1319/2 PE 0602131M / Marine Corps Lndg Force

Tech

Project (Number/Name)

3001 / Marine Corps Landing Force Tech

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2017 | FY 2017
FY 2016 Base 0oCoO

FY 2017
Total

knowledge. Specific technologies in this activity effectively present actionable information to decision-makers,
especially those at the lower command levels. This includes biometrics for expeditionary operations, complete
future automation of options and persistent surveillance in support of distributed operations.

FY 2015 Accomplishments:

- Continued development of information fusion technologies to allow automated construction of a common
tactical picture from various sources of sensor data.

- Continued development of low power consumption urban sensing technologies.

- Continued development of tagging, tracking and locating technologies to monitor adversary movement.

- Continued development of information on demand technologies to provide the warfighter with the right
information at the right time.

- Continued development of urban sensing technologies to detect weapons at distance.

- Continued development of advanced tactical sensor technologies to improve unit awareness.

- Continued development of distributed information architecture technologies.

- Continued development of a single, integrated, battlespace picture with tactical and strategic injections that
begins to close the gap between ISR and C2.

- Continued Actionable Intelligence for Expeditionary and Irregular Warfare effort which includes real-time
methods for Identifying Human Networks.

- Continued efforts addressing "battlespace awareness" of human networks, improving the accuracy of
classification decisions and enabling a human network predictive capability. Once a human network sensor
can be defined and dynamically observed in a common feature space, predictive capabilities are realized. If
one network is observed to be moving towards at risk behavior, a generalized force warning may be enabled
addressing the threat associated with all networks with similar human network sensors. When combined,
research into human network awareness, network classification and network prediction, will be a powerful tool
for warfare against the irregular actor.

- Continued development of adaptable enemy course of action engine to manipulate adversary decisions.

- Continued efforts to track entities of interest in a high clutter environment via geolocation of optical tags from a
UAYV platform.

- Continued development of capabilities to integrate socio-cultural models of human behavior with the ability to
forecast the processes of decision making through predictive forecasting models.

- Continued efforts to derive high resolution models of human networks statistically, with associated behavior
attributes.

- Continued work on specific nanomaterial triggers and receptors.
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- Continued work on new optical taggants with improved producibility.

- Continued research in automated techniques to establish the reliability of data from human and machine
sources.

- Continued technology development efforts required to enable a lightweight hyperspectral sensor capable of
material characterization.

- Continued research on the development of networked, ultra low power, long life and smart ground sensors.

- Continued research to develop algorithms that can disambiguate complex network graphs containing millions of
sparsely characterized nodes.

- Continued development of advanced analytics (data disambiguation, conditioning, fusion and dissemination) as
a set of map reduce tasks that can run across a highly distributed data architecture.

- Completed development of advanced tactical nets to include additional phenomenologies and the netting of C2,
Sensors and Analysis nodes.

- Continued research in deep machine understanding of information requirements relevant to amphibious
warfare.

- Continued research in characterizing patterns of life from persistent track data.

- Continued research on technologies needed to enable multi-INT sensors to collaborate in real time on complex
fusion tasks.

- Continued a project to enable the synchronized planning and management and ISR assets given a set of
disparate mission information requirements.

- Continued effort to represent disparate data as a reduced feature vector.

- Completed new Sensor Fields efforts such as Nanotechnology Enabled Witness Fields, development of
sensors that provide near real time decision support to distributed operations by detecting specific interactions,
and nanotechnology efforts which offer the potential to revolutionize tactical sensors. To enable this capability,
nanomaterials that change state in the presence of another nanomaterial will be developed.

- Completed development of approach to model and expose enemy networks, actions, and reactions through
statistical models with techniques for probabilistic forecasting of behaviors of interest, with consideration for open
source information and conventional intelligence data sources.

- Completed development of sensors that provide near-real-time decision support to distributed operations by
detecting specific interactions utilizing nanotechnology.

- Completed work on influencing, disrupting, and stimulating behavior by fusing high resolution models of
decisions with models of human networks. This includes work to provide an accurate decision tool to the
warfighter that is relevant to irregular warfare, and development of tools to enable robust facial recognition in
poor conditions and difficult environments.
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- Completed development of model based adversarial decision making stimulus and manipulation that will assist

in the influence of decisions made by adversaries to our benefit.

- Completed development of own force decision aids based on imprecisely-specified multi-attribute utility theory.

- Completed the development of automated workflow managers enabled by the semantic representation of tasks

and resources.

- Initiated research in analytics for limited and isolated computational environments to enable advanced analytic

capabilities to be available on expeditionary lightweight computing platforms.

- Initiated research on technologies needed to produce products from multi-modal information in response to

information requirements by leveraging cloud data access capabilities.

- Initiated research on technologies needed to tailor information delivery to warfighters based on mission context

and user preferences.

- Initiated research in representing the content of large data stores in a way that allows remote and accurate

searching against data indexes to be enabled.

- Initiated research on collapsing networks inferred from disparate data sources.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete development of information fusion technologies to allow automated construction of a common tactical

picture from various sources of sensor data.

- Complete development of tagging, tracking and locating technologies to monitor adversary movement.

- Complete development of a single, integrated, battlespace picture with tactical and strategic injections that

begins to close the gap between ISR and C2.

- Complete research on the development of networked, ultra low power, long life and smart ground sensors.

- Complete research on technologies needed to tailor information delivery to warfighters based on mission

context and user preferences.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete work on specific nanomaterial triggers and receptors.

- Complete development of urban sensing technologies to detect weapons at distance.

- Complete work on new optical taggants with improved producibility.

- Complete development of low power consumption urban sensing technologies.

- Complete development of information on demand technologies to provide the warfighter with the right

information at the right time.
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- Complete efforts addressing "battlespace awareness" of human networks, improving the accuracy of
classification decisions and enabling a human network predictive capability. Once a human network sensor

can be defined and dynamically observed in a common feature space, predictive capabilities are realized. If
one network is observed to be moving towards at risk behavior, a generalized force warning may be enabled
addressing the threat associated with all networks with similar human network sensors. When combined,
research into human network awareness, network classification and network prediction, will be a powerful tool
for warfare against the irregular actor.

- Complete research in automated techniques to establish the reliability of data from human and machine
sources.

- Complete development of advanced analytics (data disambiguation, conditioning, fusion and dissemination) as
a set of map reduce tasks that can run across highly distributed data architecture.

- Complete research on the automated deconfliction and fusion of multi-intelligence tracks on movers of interest,
enabled by a rich maritime ontology and active wiki technology.

- Complete research in characterizing patterns of life from persistent track data.

- Complete research on collapsing networks inferred from disparate data sources.

- Complete research in representing the content of large data stores in a way that allows remote and accurate
searching against data indexes to be enabled.

- Initiate effort to mature machine vision classifiers to the detection of specific objects from airborne video.

- Initiate effort to represent graph based representations of the information content of a cloud that can be shared
over limited bandwidths between clouds.

- Initiate effort to develop advanced query capabilities on no-SQL data bases.

- Initiate effort to develop novel analysis capabilities applicable to open source data.

FY 2017 OCO Plans:
N/A

Title: LITTORAL COMBAT/POWER PROJECTION

Description: This activity addresses the applied research associated with the Marine Corps participation in

the Department of the Navy's (DoN) Science and Technology Future Naval Capabilities (FNC) Program. The
FNC Program represents the requirements-driven, delivery-oriented portion of the DoN Science and Technology
(S&T) portfolio. FNC investments respond to Naval S&T Gaps that are generated by the Navy and Marine
Corps after receiving input from Naval Research Enterprise (NRE) stakeholders. The funding is aligned with

the Naval challenges associated with projecting power despite anti-access and area denial, specifically the Sea
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Shield, Power and Energy, FORCEnet, and the Naval Expeditionary Maneuver Warfare warfighting capability
gaps. The funding profile reflects the alignment of the FNC program investments into Enabling Capabilities
(ECs); ECs respond to priority Naval warfighting capability gaps. Funding for each EC is aligned to a 6.2 or 6.3
Budget Activity (BA) as appropriate.

The FY2015 to FY2016 decrease in the Littoral Combat/Power Projection activity is due to a FY2016
Congressional reduction. Accordingly, the Future Naval Capabilities within the activity will be re-phased and
amended appropriately to accommodate the delta. The FY2016 to FY2017 increase in the FNC Activity is due to
the FY2016 Congressional reduction and will realign the activity to its original programming levels in FY2017.

FY 2015 Accomplishments:

- Continued development of wide area surgical and persistent surveillance technologies.

- Continued development of the Ground Based Air Defense On-the-move high energy laser demonstrator.
- Continued development and began transitioning EFV obstacle detection capability to EFV Direct Reporting
Program Manager.

- Completed development of integrated vehicle self-defense system to defeat incoming RPGs.

- Completed transparent urban structure "see thru the wall", image and mapping technologies development.
- Completed development of an integrated, company level, Urban Sensor Suite.

- Completed detect and identify facilities technology development.

- Completed decision aids technology development.

- Completed development of Modular Scalable Effects weapons technologies.

- Completed development of tactical urban breaching technologies. Due to required program necessities
resourcing of continued development of tactical urban breaching technologies has been realigned to PE
0603640M.

- Completed development of individual Warfighter protection technologies.

- Completed development of advanced survivability and mobility technologies for Marine Corps tactical and
combat vehicles.

- Complete development of the Fuel Efficient Medium Tactical Vehicle Replacement (FE MTVR) Enabling
Capability (EC).

- Initiated development of an azimuth and inertial navigation system.

- Initiated development of spectral and reconnaissance imagery for tactical exploitation (SPRITE)-(EMW-
FY14-01)
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- Initiated limited development of Target Processing Center (TPC) sensor correlation and fusion technology;
specifically, context fusion, and radar fusion and false track mitigation.

- Initiated development of technologies to enable the exchange of actionable information at the tactical edge;
specifically, actionable information tactical applications, data conditioning and network adaptive communication
services.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete development of an azimuth and inertial navigation system.

- Complete development and transition of EFV obstacle detection capability to EFV Direct Reporting Program
Manager.

- Complete development of the Expeditionary Fighting Vehicle obstacle detection (EFVODS) capability.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Continue development of Densified Propellant Fire From Enclosure/Enclosed Space(DP FFE/CS)enabling
capability; specifically the analysis to incorporate tungsten into the SMAW Block 2 rocket motor propellant
to decrease the detrimental effects of launch back-blast and over-pressure in confined spaces. (Effort was
previously funded by PE 0602750N FY16).

- Initiate development of Advanced Topcoat System - Ground Vehicle Enabling Capability (EPE-FY16-01);
specifically the chemical analysis to develop a high performance, zero-isocyanate Chemical Agent Resistant
Coating (CARC) system that provides enhanced corrosion resistance and improved operational functionality on
ground vehicle platforms.

- Initiate the development of a high reliability distributed fuzing system for the 155mm DPICM projectile.

FY 2017 OCO Plans:
N/A

Title: LOGISTICS

Description: This activity supports Marine Corps Expeditionary Logistics which is the practical discipline and
real world application of the deployment, sustainment, reconstitution, and re-deployment of forces engaged

in expeditionary operations. Expeditionary Logistics replaces mass with assured knowledge and speed, is
equally capable ashore or afloat in austere environments, and is fully scalable to meet uncertain requirements.
Expeditionary Logistics logically divides into four pillars: efficient and responsive force sustainment, planning
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and directing logistics operations, logistics demand reduction, and fleet maintenance. These pillars are
thoroughly integrated and perpetually related in execution

The FY 2015 to FY 2016 funding increase is due to the acceleration and early completion of the logistics C2
systems for optimizing the transportation of materiel across multiple intra and inter-theater connector vehicles
(aka: Transportation Exploitation Tool).

FY 2015 Accomplishments:

- Continued development of water purification applied research focused toward small personal water purification
devices. This includes previous work in an energy recovery system for enhancing the efficiency of small reverse
osmosis water purification devices.

- Continued applications of advanced material surface treatments and coatings for reducing required
maintenance and enhancing operational readiness of expeditionary warfare vehicles, machinery, and electrical
systems (Note: This also includes development of alternative human load carrying concepts to lighten the load
carried by the Marine and reduce structural damage to the human body).

- Continued applied research toward materials that will reduce, or prevent, wear and corrosion on systems and
equipment.

- Continued the development of logistics IT systems for optimizing the transportation of materiel across multiple
intra and inter-theater connector vehicles (aka: Transportation Exploitation Tool).

- Continued development of high efficiency, rugged, and inexpensive solar photovoltaic energy harvesting
technologies.

- Continued development technologies to facilitate cargo transfer across intra-theater logistics connector
vehicles, to include advanced material handling equipment as well as asset tracking and reporting technologies.
- Continued the development of advanced water location, harvesting, packaging, distribution, and quality
monitoring systems to enable Marines to be fully self-sufficient for water resources on the battlefield.

- Completed advancement of high specific energy electrochemical capacitors to function as peak electric load-
leveling buffers in advanced, lightweight, portable power applications.

- Completed advancement of a solid oxide fuel cell capable of directly oxidizing liquid logistic fuels such as JP-8,
thus eliminating the necessity for both reforming and sulfur removal pre-processing of the fuel.

- Completed applied research toward producing a light weight device for converting hydrocarbon fuels to
electrical energy.

- Completed applied research toward an extremely high specific energy, metal-air primary battery and research
toward an advanced electrochemical ultracapacitor based on down-selection of prior research approaches.
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- Completed applied research into electrochemical methods of converting diverse hydrocarbon fuels to electrical
energy.

- Initiated operations research and analysis efforts to enhance seabased expeditionary supply chain concepts
and technologies.

- Initiated development of infrastructureless In-Transit Visibility (ITV) technologies to enable asset tagging,
tracking, locating, and monitoring anywhere in the expeditionary supply chain.

- Initiated the development of modular thermoacoustic systems capable of acting as power generation or heat-
pump devices.

- Initiated the development of energy scavenging technologies to minimize wasted thermal, RF, kinetic, and
other energy on the battlefield.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete the development of logistics C2 systems for optimizing the transportation of materiel across multiple
intra and inter-theater connector vehicles (aka: Transportation Exploitation Tool).

- Complete development of high efficiency, rugged, and inexpensive solar photovoltaic energy harvesting
technologies.

- Complete development technologies to facilitate cargo transfer across intra-theater logistics connector vehicles,
to include advanced material handling equipment as well as asset tracking and reporting technologies.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete development of water purification applied research focused toward small personal water purification
devices. This includes previous work in an energy recovery system for enhancing the efficiency of small reverse
osmosis water purification devices.

- Complete applications of advanced material surface treatments and coatings for reducing required
maintenance and enhancing operational readiness of expeditionary warfare vehicles, machinery, and electrical
systems

- Complete applied research toward materials that will reduce, or prevent, wear and corrosion on systems and
equipment.

- Complete the development of advanced water location, harvesting, packaging, distribution, and quality
monitoring systems to enable Marines to be fully self-sufficient for water resources on the battlefield.

- Complete operations research and analysis efforts to enhance seabased expeditionary supply chain concepts
and technologies.
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- Complete development of infrastructureless In-Transit Visibility (ITV) technologies to enable asset tagging,
tracking, locating, and monitoring anywhere in the expeditionary supply chain.

- Complete the development of modular thermoacoustic systems capable of acting as power generation or heat-
pump devices.

- Complete the development of energy scavenging technologies to minimize wasted thermal, RF, kinetic, and
other energy on the battlefield.

- Initiate the development of stochastic studies to model and insert Additive Manufacturing into the Naval Supply
Chain.

- Initiate the development of a project to investigate the complex physical processes occurring associated with
complex geometries when using laser directed energy metal deposition processes with titanium alloys.

- Initiate the development of a project to investigate the feasibility and attributes of the wireless transfer of power
technologies for dismounted Marines.

FY 2017 OCO Plans:
N/A

Title: MANEUVER

Description: The Maneuver thrust area focuses on the development of technologies that will increase the
warfighting capabilities and effectiveness of the Marine Air-Ground Task Force (MAGTF). This thrust aims at
capturing emerging and "leap ahead" technologies in the areas of mobility, materials, propulsion, survivability,
durability, signature reduction, modularity, and unmanned systems. Emphasis on survivability technologies
includes defeat of small arms, IEDs, mine blast, and RPGs. Efforts also continue in the development of
modeling and simulation tools that integrate many different physics based modeling systems with rigorous
operational analysis simulations to accurately define a system's performance characteristics. These tools

will aid in defining the trade space for emerging technologies and assist in providing the program manager
insight and guidance into pursuing future technologies. Finally, this technology thrust area also seeks to
develop technologies to enhance combat vehicle crewman effectiveness and situational awareness through the
incorporation of advanced autonomous vehicle functions.

The FY2016 to FY2017 increase in funding is due to a FY2016 Congressional reduction (-$1.293M). The
reduction in FY2016 requires re-phasing of the initiation of technology development programs to address
expeditionary maneuver capability gaps.
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FY 2015 Accomplishments:

- Continued lightweight Expeditionary Systems Materials (ESM) efforts to determine feasibility of scaling and
producing candidate structural armor.

- Continued mobility enhancement development effort for current and future light and medium weight Marine
Corps vehicle programs.

- Continued efforts addressing survivability and technologies to mitigate acceleration and traumatic brain injuries
to vehicle occupants to enhance tactical mobility.

- Continued efforts addressing advanced suspension systems with ride height adjustment capabilities, adjustable
ride quality capabilities, rollover prevention, and load equalizing systems to enhance tactical mobility and
survivability.

- Continued efforts addressing improvements in vehicle fuel efficiency by improvements in drive train efficiencies,
engine efficiencies and alternative fuels capabilities to enhance tactical mobility.

- Continued technology development programs to address maneuver capability gaps in survivability such as an
advanced seat technology effort to improve/increase occupant protection within the platform by reducing injury
due to the effects of dynamic blast events and accidental vehicle rollover.

- Continued technology development programs to address maneuver capability gaps in Mobility such as a
Vehicle Stability effort to improve/increase vehicle performance characteristics such as reducing vehicle rollover
tendencies.

- Continued efforts in advanced perception and context-based reasoning aimed at the development of an
autonomous vehicle capability that will provide mobility and logistics support to the dismounted Marine during
Enhanced Company Operations (ECO).

- Continued the development of autonomy technologies and system concepts that will enable unmanned ground
vehicles (UGVs) to be used as autonomous logistic connector vehicles.

- Continued lightweight armor, material, and structural technologies that enable maneuver and survivability of
small, light expeditionary platforms.

- Continued survivability technologies that enable defeat of all unitary and tandem RPG and select ATGM
threats, and the demonstration of survivable vehicles.

- Continued non-GPS localization technologies such that autonomous vehicles can navigate in areas where
satellite data is inaccessible.

- Continued the development of technologies that enable vehicle component modularity and reduce life cycle
costs.

- Continued mobility technologies that enable improved vehicle agility and stability.
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- Continued Advanced Mobility efforts in Future Fuel Alternatives and Advanced Propulsion and Suspension
Technologies to improve vehicle fuel efficiency through improvements in drive train and engine efficiencies and
alternative fuels capabilities to enhance tactical mobility.

- Continued development of Advanced Electro-Magnetic Armor (AEMA) for ground vehicle survivability.

- Continued the development of autonomous technologies automating behavior generation and enabling
adaptive behavior using virtual environments.

- Continued technology development programs to address expeditionary maneuver capability gaps.

- Completed survivability efforts in advanced blast mitigation to develop solutions that mitigate injuries to vehicle
occupants, while reducing the weight burden, thereby enhancing tactical mobility and survivability.

- Initiated the development of fuel saving vehicle technologies, including advanced transmission, power train,
and electrical power system technologies.

- Initiated the development of autonomous technologies transcribing vision-based perception data in order to be
understood by a context-based reasoning system enabling adaptive behavior.

- Initiated the development of autonomous technologies by enhanced human machine interface (HMI) through
gestures and natural language understood by unmanned ground systems (UGS).

- Initiated survivability technologies to provide reduction in the probability of detection in a given background.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete the development of autonomous technologies transcribing vision-based perception data in order to
be understood by a context-based reasoning system enabling adaptive behavior.

- Complete development of Advanced Electro-Magnetic Armor (AEMA) for ground vehicle survivability.

FY 2017 Base Plans:
- Continue all efforts of FY 2016, less those noted as completed above.
- Initiate technology development programs to address expeditionary High Water Speed capability gaps.

FY 2017 OCO Plans:
N/A

- Continued the development of technologies that sustain vehicle components longer and reduce life cycle costs.

Title: COMMAND, CONTROL, COMMUNICATIONS, AND COMPUTERS (C4)

Description: This activity supports S&T investment in Command and Control and is focused in three main
areas: (1) Implementing the FORCEnet concept; (2) Developing decision support systems that enable
warfighters to take advantage of the FORCEnet and MAGTF C2, and tactically extend Net-Enabled Command
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and Control (NECC) for shared situational awareness; and (3) Providing effective combat identification of enemy

combatants, friendly forces, and non-combatants. FORCEnet is the operational construct and architectural

framework for naval warfare in the information age that integrates warriors, networks, command and control,

and weapons into a networked, distributed, combat force that is scalable across all levels of conflict from the

seabed to space, and from sea to land. The Marine Corps instantiation of FORCEnet is Marine Air Ground

Task Force Command and Control (MAGTF C2), with technologies to exchange data and information with, and

among, distributed tactical forces. Activities in this program area provide technologies for secure, robust, self-

forming, mobile communications networks and distributed computing to support information dissemination to all

echelons; and sensors, software and data processing to support formation of an appropriate common picture.

Marine Corps specific efforts include power management, low detectability, size and weight constraints, and

interoperability within the joint environment.

FY 2015 Accomplishments:

- Continued development of urban/restricted environment communications technologies.

- Continued Adaptable Antennas, Self-Adapting Radio Prototype and RF Technologies efforts.

- Continued Cognitive Networking and Trusted Computing Technology efforts.

- Continued a distributed, Cyber Technology development effort.

- Completed Dynamic Cosite Mitigation, Sensing Comms and Blue Force Tracking efforts.

- Completed new efforts in Over-the-Horizon Communications, which include the development of an airborne,

software-defined communications, networking, Electronic Signals Intelligence (ELINT) and Electronic Warfare

(EW) capability.

- Initiated a meta-material antennas effort.

- Initiated an Electro-Magnetic Technologies effort.

FY 2016 Plans:

- Continue all efforts of FY 2015, less those noted as completed above.

- Complete a distributed, Cyber Technology development effort.

FY 2017 Base Plans:

- Continue all efforts of FY 2016, less those noted as completed above.

- Complete a meta-material antennas effort.

- Complete an Electro-Magnetic Technologies effort.
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- Initiate Advanced Expeditionary Cyber Technology efforts.

FY 2017 OCO Plans:
N/A

Accomplishments/Planned Programs Subtotals 44.629 45.643 51.590 0.000 51.590

C. Other Program Funding Summary ($ in Millions)
N/A
Remarks

D. Acquisition Strategy
N/A

E. Performance Metrics

The primary objective of this PE is the development of technologies to meet unique Marine Corps needs in conducting Expeditionary Maneuver Warfare and Combating
Terrorism. The program consists of a collection of projects categorized by critical warfighting function. Individual project metrics reflect the technical goals of each
specific project. Typical metrics include the advancement of related Technology Readiness Levels, the degree to which project investments are leveraged with

other performers, reduction in life cycle cost upon application of the technology, and the identification of opportunities to transition technology to higher categories of
development.
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9999: Congressional Adds 0.000 0.000 6.000 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 6.000

A. Mission Description and Budget Item Justification

These Congressional Cyber funds will be used to develop a multi-disciplinary science and technology strategy addressing dynamic cyber defense and Expeditionary
cyberspace operations in support of distributed Naval Expeditionary Warfighters. This will be accomplished through examination of prototyping and developing
technology capabilities for Expeditionary Cyberspace Operations.

B. Accomplishments/Planned Programs ($ in Millions) FY 2015 | FY 2016
Congressional Add: Cyber Research 0.000 6.000

FY 2015 Accomplishments: N/A

FY 2016 Plans: - Initiate a multi-disciplinary science and technology effort addressing dynamic cyber defense
and tactical cyberspace operations.

Congressional Adds Subtotals 0.000 6.000

C. Other Program Funding Summary ($ in Millions)
N/A
Remarks

D. Acquisition Strategy
N/A

E. Performance Metrics
Deliverables include a multi-disciplinary science and technology strategy addressing dynamic cyber defense and Expeditionary Cyberspace Operations.
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COST ($ in Millions) Prior FY 2017 | FY 2017 | FY 2017 Cost To Total

Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost

Total Program Element 0.000 44.874 42.538 41.185 - 41.185 37.916 38.165 38.333 38.500| Continuing| Continuing
0000: Common Picture Applied 0.000 44.874 42.538 41.185 - 41.185 37.916 38.165 38.333 38.500| Continuing| Continuing
Research
Note
N/A

A. Mission Description and Budget Item Justification

The efforts described in this Program Element (PE) are based on investment directions as defined in the Naval Science and Technology (S&T) Strategic Plan approved
by the S&T Corporate Board (20 Jan 2015). This strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval Research
Enterprise (NRE) stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine Corps).

It provides the vision and key objectives for the essential science and technology efforts that will enable the continued supremacy of U.S. Naval forces in the 21st
century. The Strategy focuses and aligns Naval S&T with Naval missions and future capability needs that address the complex challenges presented by both rising peer
competitors and irregular/asymmetric warfare.

Activities and efforts in this program examine concepts and technologies that enable the transformation to network centric warfare. Network centric capabilities rely on
information to connect assets and provide timely and accurate understanding of the environment. The mission area requirements for rapid, accurate decision-making;
dynamic, efficient, mission-focused communications and networks; and pervasive and persistent sensing drive network centric S&T investments.

Due to the number of efforts in this PE, the programs described herein are representative of the work included in this PE.

B. Program Change Summary ($ in Millions) FY 2015 FY 2016 FY 2017 Base FY 2017 OCO FY 2017 Total
Previous President's Budget 43.533 42.551 42.646 - 42.646
Current President's Budget 44.874 42.538 41.185 - 41.185
Total Adjustments 1.341 -0.013 -1.461 - -1.461

» Congressional General Reductions - -0.013

» Congressional Directed Reductions - -

» Congressional Rescissions - -

» Congressional Adds - -

» Congressional Directed Transfers - -

* Reprogrammings 2.008 0.000

* SBIR/STTR Transfer -0.667 0.000

* Program Adjustments 0.000 0.000 -0.904 - -0.904
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1319: Research, Development, Test & Evaluation, Navy | BA 2: Applied PE 0602235N /| Common Picture Applied Research
Research
» Rate/Misc Adjustments 0.000 0.000 -0.557 - -0.557

Change Summary Explanation

Technical: Not applicable.

Schedule: Not applicable.
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Years FY 2015 | FY 2016 Base (01010 Total FY 2018 | FY 2019 | FY 2020 | FY 2021 |Complete| Cost
0000: Common Picture Applied 0.000 44.874 42.538 41.185 - 41.185 37.916 38.165 38.333 38.500| Continuing| Continuing
Research

A. Mission Description and Budget Item Justification

The efforts described in this Program Element (PE) are based on investment directions as defined in the Naval Science and Technology (S&T) Strategic Plan approved
by the S&T Corporate Board (20 January 2015). This strategy is based on needs and capabilities from Navy and Marine Corps guidance and input from the Naval
Research Enterprise (NRE) stakeholders (including the Naval enterprises, the combatant commands, the Chief of Naval Operations (CNO), and Headquarters Marine
Corps). It provides the vision and key objectives for the essential science and technology efforts that will enable the continued supremacy of U.S. Naval forces in the
21st century. The Strategy focuses and aligns Naval S&T with Naval missions and future capability needs that address the complex challenges presented by both rising

peer competitors and irregular/asymmetric warfare.

Activities and efforts in this program examine concepts and technologies that enable the transformation to network centric warfare. Network centric capabilities rely on
information to connect assets and provide timely and accurate understanding of the environment. The mission area requirements for rapid, accurate decision-making;
dynamic, efficient, mission-focused communications and networks; and pervasive and persistent sensing drive network centric S&T investments.

B. Accomplishments/Planned Programs ($ in Millions)

FY 2015

FY 2016

FY 2017
Base

FY 2017
0oCoO

FY 2017
Total

Title: COMMUNICATION AND NETWORKS

Description: The overarching objective of this activity is to develop high throughput dynamic wireless
communications and network technologies critical to the mission performance and robustness of naval
communications for widely dispersed, mobile air, land, surface and submerged platforms. These platforms

are often size, weight and power (SWaP) limited, and will operate under constraints of cluttered RF spectrum,
harsh electro-magnetic interference (EMI) and Beyond Line Of Sight (BLOS) conditions. The technical

payoff is increased network data rates, interoperability across heterogeneous radios, dynamic bandwidth
management, and greater mobile network connectivity. The operational payoff is that warfighters from the
operational command to the tactical edge have near real-time access to information, knowledge and decision-
making necessary to perform their tasks, including coalition and allied forces. Emphasis is on tactical edge
communications and networks to fully realize net-centric warfare, bridging the Global Information Grid (GIG) and
the 'disadvantaged user', e.g., small-deck combatants, submarines, unmanned vehicles, distributed sensors and
ground units in urban and radio frequency (RF) challenged environments.

The current specific objectives are:
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a) Radios and Apertures: Develop technologies for high band radio, electrically-small and actively scanned
antennas, addressing critical issue of radio spectrum bandwidth efficiency, spectrum contention and clutter, agile
frequency communications with dynamic spectrum access, all-digital front-end with wide dynamic range, power
amplifier efficiency, multipath effects, saltwater propagation and BLOS communications. Develop algorithms

and signal processing for space-time-frequency diversity communications, including measures for electronic
protection, such as low-intercept, antijam waveforms and modulation. Develop affordable antenna technologies
for small size and weight, high radiation efficiency, and wideband operation with rapid beam-steering. Develop
alternatives to RF communications in airborne and terrestrial environments as well as high data rate underwater
communications for undersea warfare (distributed sensor netting, unmanned underwater vehicle data exfiltration,
submarine Communications at Speed and Depth) using electro-optic/infra-red (EO/IR) technologies. Develop
secure, high bandwidth communications systems and the exploitation of existing and emerging network
protocols that will avail development of new, Low Earth Orbit (LEO) based data transport mechanisms.

b) Tactical Networking and Network Control/Management:

Develop advanced networking techniques for robust, highly dynamic environments; interoperable networks

for secure communications and protocols, bandwidth and network management techniques that manage and
allocate bandwidth across tactical and theater levels in support of net-centric operations. Develop rapidly auto-
configuring and self-organizing networks with efficient and survivable routing, secure authentication, mobility
management and Quality-of-Service guarantee, while optimizing network resources. Address low bandwidth,
synchronization and reliability for Service Oriented Architecture (SOA)/middleware architecture in both mobile
ad-hoc networks (MANET) and infrastructure-based Internet Protocol (IP) backbone networks. Develop cognitive
network planning and operations engines whose criteria are based directly on mission objectives, while self-
adapting and managing the spectrum allocation and radio resources in such a way that network operations, SOA
community of interest, and computer network defense are integrated to form a single common tactical network
picture that requires a minimum of human intervention and skill. Develop technology for improving tactical edge
networking and for improving voice communications.

The following are non-inclusive examples of accomplishments and plans for projects funded in this activity.

FY 2015 Accomplishments:

Radios and Apertures:

- Continued development of blue-green receiver and detector technologies with greater sensitivity, while
reducing size, weight, power, and/or cost.
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- Continued design and development of electronic protection for HF communications.

- Continued development of integrated metamaterial antennas for ship and ground platforms.

- Continued demonstration of high peak power, short pulse operation of fiber lasers in blue-green region.

- Continued technologies to improve spectrum co-existence of military waveforms with commercial

communications (e.g., overlay/underlay techniques, interference cancellation, machine learning and reasoning

algorithms for distributed spectral awareness/management, etc.).

- Continued development of low cost approaches for electronic beam steering and multi-beam RF systems.

- Completed blue-green fiber laser technology development for space-based submarine communications.

- Completed novel fiber technology that enables tunable, energy-scalable emissions at a user-defined/desired

wavelength, particularly in the blue-green spectral range.

- Completed development of low intercept and low probability of detection (LPD), jam resistant communications/

networks for distributed nodes.

- Completed development of optical wavefront modulation techniques and optical phased array beam steering

methods for terrestrial EO/IR Lasercomm.

- Completed use of novel metamaterials and metastructures that enable conformal antenna designs with ultra-

wideband performance.

- Completed program for a novel blade antenna payload for wideband Ku/UHF communications that is light

weight, has lower power consumption, and is very low cost.

- Initiated development of technologies to enable troposcatter communications on the move with reduced size,

weight, and power antennas.

- Initiate development of blue-green filter technologies with wide field of view, narrow bandwidth, and reduced

size, weight, complexity, etc.

Tactical Networking and Network Control/Management:

- Continued design and development of cognitive netops for tactical communications.

- Continued dynamic routing mechanisms that focus on robust data delivery -- in near real time -- under harsh

networking conditions (i.e.,intermittent connectivity, limited throughput, etc.).

- Continued development of techniques and algorithms to manage resources of tactical networks in a manner

consistent with Commander's Intent.

- Completed development of cognitive networking, cross-layer optimization protocols for light SOA for tactical

networks.

- Completed development of effort to improve secure voice by developing secure voice technology that can

interoperate between tactical and strategic networks.
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- Completed program that leverages topology discovery, content modeling, and resource scheduling to support

content management functions at the Tactical Edge.

- Completed managing and controlling functions within a protected routing core at the Tactical Edge.

- Initiated development of techniques and algorithms to ensure end-to-end delivery of data across undersea

networks with large delays and multi-modal communications.

FY 2016 Plans:

Radios and Apertures:

- Continue all efforts of FY 2015 less those noted as complete.

- Complete development of integrated metamaterial antennas for ship and ground platforms.

- Complete demonstration of high peak power, short pulse operation of fiber lasers in blue-green region.

- Complete development of blue-green receiver and detector technologies with greater sensitivity, while reducing

size, weight, power, and/or cost.

Tactical Networking and Network Control/Management:

- Continue all efforts of FY2015 less those noted as complete.

- Complete design and development of cognitive netops for tactical communications.

- Initiate the development of software-defined networking capabilities for tactical platforms.

FY 2017 Base Plans:

Radios and Apertures:

- Continue all efforts of FY 2016 less those noted as complete.

- Complete design and development of electronic protection for HF communications.

- Initiate the development of novel antenna technologies for communications with small satellites.

- Initiate the development of optical technologies for tracking and communications with small satellites.

- Initiate the development of interference alignment and chaotic waveform techniques for secure

communications.

- Initiate development of MEMS enabled reflectarray phased array antennas.

Tactical Networking and Network Control/Management:

- Continue all efforts of FY 2016 less those noted as complete.

- Complete development of techniques and algorithms to ensure end-to-end delivery of data across undersea

networks with large delays and multi-modal communications.
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- Initiate development of performance-aware dynamic communication protocols (including multicast with network
coding) that adapt to varying network conditions and application requirements.

FY 2017 OCO Plans:
N/A

Title: APPLIED INFORMATION SCIENCES FOR DECISION MAKING

Description: The goal of this activity is to develop enablers for decision making and mission execution, to
achieve battlespace superiority. It focuses on the development of algorithms and software technologies that
identify and integrate informational content from multiple sources, leading to decision aids that support user-
cognitive processes. Because persistent sensors are generating massive amounts of data, the focus is on
technologies that not only integrate information from diverse sources, but also provide indications of information
significance in ways that support the user's decision needs, regardless of location and operational situation.

To achieve this, it must be possible to automate understanding of the battlespace by identifying objects,
determining relationships among the objects, assessing intent, and automatically generating courses of action
with associated risks and uncertainty. Effort will also be devoted to developing technology for increasing
assurance and security for C3 information systems and technology for improving information discovery and
information presentation in such systems. The Nano Electronics Technology activity is focused on developing
ultra-low power, higher performance computing devices and components that are based on novel functionalities
of nanometer scale materials and are enabled by improved understanding of nanomaterials, new devices and
circuit design concepts, as well as new architectures uniquely suited for nanoscale systems.

The current specific objectives are:

a) Data Understanding: Develop automated, image and signal intelligence understanding tools based on
rigorous mathematical and statistical methods that lead to improved change detection, improve object and
activity detection and recognition capabilities, context and scene understanding, and inferring of the threat levels
to support decision making and persistent and adaptive surveillance.

b) Information Integration: Develop innovative methods for combining traditional and non-traditional data from
sensors and disparate sources to provide the best estimate of objects, events, and conditions in the battlespace,
in terms of their identity, associated error or uncertainty, context, impact, while inferring relationships and their
intentions.
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c) Data Analytics (Formerly titled: Mission Focused Autonomy (MFA)): Develop proactive situational awareness
and rapid decision making applications and analytics with information PUSH as well as PULL, where joint human
controlled and automated analytic processes can collaboratively work together to solve tactical and strategic
problems within a multi-level, secure environment. Areas addressed include the following elements: a) access to
enterprise level structured and unstructured data repositories and automated search and discovery of evidence
collected across these heterogeneous databases; b) analytics that automate the ability to infer the meaning of
evidence that is discovered; c) structured process (hypothesis or argument) that provides context in order to
constrain and guide the search and analytic techniques toward goals that are focused on proving the hypothesis
right or wrong; d) knowledge repository that maintains pedigree and state of hypothesis satisfaction or refutation;
e) Collaborative environment wherein all analytic participants can share the state of hypothesis satisfaction and
collectively contribute evidence data to solve the common problem. Develop rigorous and efficient methods

for building sophisticated situational models, and develop automated reasoning techniques to categorize and
recognize situations under a variety of conditions leading to methods that predict situations under different
settings including capabilities to address growing cyber-related threats.

d) Resource Optimization: Develop automated decision tools based on mathematically rigorous techniques (e.g.,
mathematical optimization) that support decision-making to ensure the best use of scarce and/or expensive
resources, achieving optimal allocations for large complex scenarios, including ones that contain uncertainty,

in drastically reduced amounts of time. Develop methods that support decision making in networked sensor
management and allocation to ensure sensor assets are deployed in an optimal, or near optimal, manner.

e) Cyber Defense (Formerly titled Trusted Systems & Networks): Develop tools and methods to securely handle
information without exposing intelligence information about the networks or systems to adversaries.

f) Nanoscale Electronics: To develop novel nanometer scale (feature size near or below 10nm) logic/memory
devices and related circuits and architectures to deliver ultra-low power, light weight and high performance
computational capability for autonomous vehicles and individual warfighters.

g) Quantum Information Sciences: Conduct research supporting the efficacy of a free space optical quantum key
distribution that would operate in a maritime environment. Understand the implications of imperfect hardware
implementations upon the vulnerability of the known protocols. Develop new protocols and encoding schemes
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that lead to robust performance with high throughput. Conduct research that leads to an understanding of, and
develop methods that compensate for atmospheric effects.

Funding increase from FY16 to FY17 is a result of increased research in Cyber Defense.

The following are non-inclusive examples of accomplishments and plans for projects funded in this activity.

FY 2015 Accomplishments:

Data Understanding:

- Continued development of algorithms for extraction of information from Light Detection and Ranging (LIDAR)
and Radar.

- Continued efforts to develop an automated tool to improve checkpoint security by identifying accents of non-
native English speakers.

- Continued development of methods for integration of low-level image processing and high-level knowledge for
simultaneous image segmentation and object recognition, and visual reasoning for image understanding.

- Continued development of 3D image processing for object recognition and meaningful change detection.

- Continued development of modular, interactive, intelligent, video-based surveillance systems.

- Continued methods for building sophisticated visual knowledge bases, development of methods for visual
reasoning and integrating them in image/video understanding, and development of methods for image
description.

- Completed development of electronic protection techniques for long range emitter classification systems.

Information Integration:

- Continued development of methods for analysis and integration of text with imagery and video.

- Continued development of methods for analysis of structured and unstructured data.

- Continued development of algorithms and tools for information representation of unstructured data and
structured data in such a way that shared concepts/relationships in disparate data sets can be automatically
compared, matched, or associated, and in a way that can facilitate and improve information fusion.

- Continued development of algorithms and tools for information fusion of heterogeneous data for classification
and reconstruction based on high level features inherent in each data source, with the goal of forming a more
complete picture of battlespace environment.
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- Continued development of algorithms and tools for discovering and extracting higher-level features -- objects,
events, patterns, intents, relationships, anomalies -- from various data types in support of future asymmetric
warfare.

- Continued research to extend user interfaces for immersive simulation to enable users to better express
themselves through non-verbal communications.

- Initiated research into designing more resilient networks that better adapt to disruption and change by
developing new analytical models and methodologies for characterizing network node relationships to improve

prediction of statistical communication performance and structural relationships within dynamic ad hoc networks.

Data Analytics (Formally Titled Mission Focused Autonomy (MFA):

- Continued bringing capability into a multi-level security environment.

- Continue automating current set of time critical reports to ensure timely decision making that is informed by
forensics data.

- Continued efforts to develop a task scheduler for unmanned aerial system operators that reflects operator
workload.

- Continued research in mission-focused autonomy and reasoning methods; expanded autonomy from simple

platform. kinematics to include all-source information exploitation and surrounding cultural and social influences.

- Initiated integrating this analytic environment into parallel Navy Tactical Cloud environment.

Resource Optimization:

- Continued development of methods for selecting sensors and platforms for search and surveillance operations
in a theater, allocating the selected sensors and platforms to specific missions, operating the allocated sensors
during a mission, and fusing the information from the sensors and other sources.

- Continued development of optimization-based decision aids for resource allocation, such as those required for
mission planning at the strategic, operational, and tactical level.

Cyber Defense: (formally Trusted Systems & Networks)

- Continued development of anti-tamper methods that are capable of lengthy operation in unattended and un-
powered environments, have very high probability of tamper detection and very low probability of false alarm,
and remain undetected in the host system.

- Continued development of automated tools that identify and mitigate potential software vulnerabilities, such
as tools that analyze code as it is being written, vulnerability-aware compilers that automatically enhance code
security, and techniques for enhancing the client-side security of web applications.
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