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Dear Mr. Greenewald: 

DEPARTMENT OF THE NAVY 
OFFICE OF NAVAL RESEARCH 

875 NORTH RANDOLPH STREET 
SUITE 1425 

ARLINGTON, VA 22203-1995 IN REPLY REFER TO 

5720 
Ser 80042/040 
ONR FOIA 17-053 
September 5, 2017 

This is the final response to your Freedom of Information Act (FOIA) request received by 
the Office ofNaval Research (ONR) on July 11, 2017 and given the number 17-053 in our 
tracking system. You requested MDR, under the terms ofExecutive Order 12958, as amended, 
of the following document: Laser Eye Protection (U) dated April1988. A copy of your request is 
attached to this letter. 

ONR's records are maintained in accordance with the Department ofthe Navy Records 
Management Program Manual (SECNA V M-521 0.1 ), the Department of Navy Standard Subject 
Identification Code Manual (SECNA V M-520 1.2), and National Archives and Records 
Administration (NARA) guidelines. Not all records are permanent and some records may have 
been destroyed based on established disposition schedules. ONR does not maintain a central 
records room or consolidated records database. 

Your request is considered granted in full. FOIA requests received by ONR are forwarded 
to the organization within ONR having cognizance over the subject matter of the request and a 
search is conducted of unclassified and classified records to identify responsive records. This 
request was reviewed by the Assistant Designated Federal Official (ADFO) for the Naval 
Research Advisory Committee (NRAC). The ADFO returned two responsive records containing 
fifty-five pages. A subsequent review was performed by Naval Air Warfare Center Aircraft 
Division (NA WCAD), authorizing release. These records are attached to this letter. 

We have classified you as an "other" requester. As such, you are entitled to 2 free hours 
of search time and 100 pages of reproduction prior to any fees being assessed. Because your 
request did not exceed the reproduction fees there is no charge for this request. 



If you have questions on any part of this letter, please address them to Mr. Michael 
Ferrari at (70j) 696-4303 or ONRFOlA@navv.mil. Please reference ONR FOIA 17-053 in any 
correspondence discussing this case. 

Attachments: 
As stated 

Sincerely, 

~~ 
Edward Orlowsky 
Director 
Management Services Division, BD042 
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EXECUTIVE SUMMARY ( U) 

(U} The Naval Research Advisory Committee (NRAC) Panel was 
requested to undertake a rapid review of the laser threat to 
Navy and Marine Corps aviation to reassess the threat, the 
adequacy of Operational Requirements (OR) to develop means to 
protect against it, to review present Navy protection programs 
and the Research and Development (R&D) organization, and to 
make recommendations for broader R&D leading to the development 
of protection against the emerging frequency agile threat. The 
Terms of Reference (TOR) are included as Appendix A. 

(U) The panel membership, included as Appendix B, contained 
members with engineering, research, and medical backgrounds and 
was assisted by the Navy in-house R&D community. The panel 
drew the conclusions and made the recommendations described 
below. The (Acting) Assistant Secretary for Research, 
Engineering and Systems (ASN (RE&S)) signed three tasking 
letters in response to this panel•s recommendations. These are 
also included in the Appendices. 

(U) There are a variety of friendly and hostile lasers 
currently developed by military forces in the form of laser 
range finders and designators. Some of the Soviet lasers may 
have power levels unwarranted by range finder or designator 
applications, but it is not known whether these are intended as 
anti-personnel weapons. Laser radiation has been experienced 
by u.s. flight crews flying reconnaissance missions. While 
there are several different damage mechanisms (discussed in 
this report), present lasers can cause eye damage at ranges up 
to a few miles. However, they can cause a •dazzle• effect at 
greater ranges (particularly at night) when illumination of a 
cockpit and the scattering of light results in the inability of 
the crew to perform its mission and can result in the loss of 
the aircraft. The panel concluded that the laser threat is 
growing and whether intentionally used as anti-personnel 
weapons or causing damage only accidentally, lasers must be 
considered a growing anti-personnel threat against which 
protection should be provided. The naval aviators most exposed 
to this threat are the air-to-surface attack aircraft and the 
Marine aircraft and helicopter crews supporting ground combat. 

(U) While early deployed lasers operated predominantly at only 
two wavelengths, the number of wavelengths used is now 
proliferating. It is expected that a tunable (frequency agile) 
laser threat will also develop soon. The present program to 
protect naval aviators from the laser threat is based on 
developing helmet visors or goggles which have narrow band 
spectral line rejection filters at the threat laser 
wavelengths, attenuating incident laser energy at these 
wavelengths, thus preventin~ laser radiation from damaging 
eyes. The panel reviewed the OR of the Navy and of the other 
services and found them to be similar and the R&D effort well 
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coordinated. The OR called for protection at two wavelengths. 
The OR did not address the frequency agile threat, nor 
protection from the "dazzle" effect, and did not address the 
possibility of providing protection by evoking aircraft sensors 
to warn of laser illumination and the reflexive application of 
eye protection for the crew. The panel recommended changes in 
the OR to correct these deficiencies, and these changes were 
made. 

(U) The technical approach used to protect against fixed 
frequency lasers cannot be applied to protection from the agile 
threat or even to the protection from a larger number of fixed 
frequency threats. As more band rejection filters are built 
into a sandwich, transmissivity of the visor at other 
wavelengths decreases also, making it unusable at night and 
limiting its utility in the daytime. In addition, the level of 
attenuation provided by visors at present laser wavelengths is 
only adequate against laser powers used at present and may not 
be adequate against higher power Soviet lasers, should these be 
intended as anti-personnel weapons. There are other mechanisms 
that may be effective against the agile threat. Among these 
are the optical limiters that restrict the intensity of light 
they transmit and the intensity activated optical shutters that 
make the visor momentarily nontransparent when illuminated by 
strong laser light. The investigation of these mechanisms is 
still in an early stage (6.1 and 6.2). The panel identified a 
list of possible physical mechanisms from which the more 
promising need to be pursued to develop protection against the 
agile threat. The panel also recommended the initiation of 
system level laser protection approaches which involve the use 
of sensors on the aircraft as part of the laser protection 
program. This can provide illumination sensing and analysis 
capability on the aircraft prior to the illumination of the 
crew itself. The time so gained can be used to initiate 
reflexive protection measures and pilot illumination evasion. 
Recommendations to increase the 6.2 funding to provide for this 
research were made and the funds were provided in the FY 88 
budget. 

(U) The panel reviewed the Navy organization for R&D for laser 
eye protection for aviators and found the organization and the 
Navy laboratory support and leadership excellent. It must be 
pointed out, however, that as laser protection moves from the 
protection of eyes of aviators by visors to systems solutions 
involving the aircraft and its sensor system, the R&D 
management of the laser protection program may have to be 
broadened. 

(U) The panel identified priority intelligence collection 
reguirements against the laser threat. The ASN (RE&S) signed a 
letter to initiate such increased intelligence collection and 
efforts are underway to carry out these tasks. 
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(U) In conclusion, the panel found the threat to be growing 
rapidly and the need for R&D for protection from the agile 
threat to be of great importance. The panel is pleased that 
its recommendations were acted upon rapidly and commends the 
Navy laboratory personnel for its strong technical leadership 
in this important area for the Navy. 
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UNCLASSIFij:D TERMS OF REFERENCE 
FOR LASER EYE PROTECTION 

• BACKGROUND 

• PROBLEM 

• TASKS 
REVIEW CURRENT R&D LASER EYE PROTECTION PROGRAMS 
VALIDATE CURRENT AND PROJECTED THREAT· 
REVIEW REQUIREMENTS FOR COCKPIT COMPAnBILITY. 
NIGHT VISION, AND MANUAL DEXTERITY 
DETERMINE STATUS OF OPERATIONAL REQUIREMENTS TO 
COUNTER THE THREAT 
IDENTIFY NAVY ORGANIZATIONAL RESPONSIBILm!S 
ASSESS INDUSTRIAL AND ACADEMIC TECHNOLOGY BASES 

• GOAL 
DEVELOPMENT OF RECOMMENDED COURSES OF ACTION TO 
ACHIEVE/ACCELERATE AN AGILE (MULTI·FREOUENCV) LASER 
EYE PROTECTION CAPABILITY 

UNCLASSIFIED 

FIGURE 1. 

TERMS OF REFERENCE FOR LASER EYE PROTECTION {U) 

BACKGROUND (U) 

(U) Thousands of lasers are currently deployed for various 
purposes {e.g., rangefinding and target designation) and could 
be used against personnel to cause either temporary or 
permanent eye damage. Of particular concern is the fact that 
future laser devices could operate anywhere in the visible, 
near i nfrared and far infrared bands. The present Navy/Marine 
Corps program to provide laser eye protection consists of three 
elements: two directed at discrete wavelength protection and 
the third, longer term effort under development, against the 
entire agile laser band. 

PROBLEM (U) 

o (U) Laser eye protection devices are wavelength dependent 
and multiple devices cannot normally be used concurrently. 
Additionally, cockpit display and visual requirements 
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greatly inhibit protection device versatility. A need 
exists for a generic laser eye protection device that places 
no limitation on personnel performance. 

o ( U) Navy participation in the development of protection 
against the entire agile laser band is minimal and only 
leads to a full capability in 1998. 

TASKS (U) 

(U) The following subjects and tasks will be reviewed and/or 
accomplished. 

1. (U) Review current Navy and DOD R&D laser eye protection 
programs. 

2. (U) Validate current and projected threat. Specifically, 
review potential present and future laser devices capable 
of use against personnel. 

3. (U) Review requirements for cockpit compatibility, night 
vision, and manual dexterity. 

4. (U) Determine status of OR to counter the threat. 

s. (U) Identify Navy organizational responsibilities for 
laser eye protection. 

6. Assess industrial and academic technology bases. 

GOAL (U) 

( U) To develop recommended courses of act ion to achieve/ 
accelerate an agile (multi-frequency) laser eye protection 
capability. 
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PANEL MEMBERSHIP 

• DR. GEORGE S. SEBESTVEN • PANEL CHAIRMAN 
PRESIDENT DEFENSE SYSTEMS, INC. 

MR. LARRY BLAJR 
LOS ALAMOS NAnONAL LABORATORIES 

VADM E. A. BURKHALTER, USN (RET) 
PRESIDENT, BURKHALTER ASSOCIATES 

DR. JAY ENOCH 
UNIVERSITY OF CALIFORNIA, BERKELEY 

DR. MICHAEL FELD 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

MR. HARVEY S. FROMER 
GRUMMAN AIRCRAFT SYSTEMS DIVISION 

DR. URSULA J. GIBSON 
UNIVERSITY OF ARIZONA 

MR. WILUAM R. GRAVER 
ANALYTIC DECISIONS INC. 

DR. HERSHEL W. LEIBOWITZ 
PENNSYLVANIA STATE UNIVERSITY 

DR. ALEXANDER L. SLAPKOSKY 
PRIVATE CONSULTANT (FORMER CHIEF SCIENllST USMC) 

CDR E. D. POPE • PANS. EXECUTIVE SECRETARY 
OFFICE OF ASSISTANT SECRETARY OF THE NAVY (R,ElS) 
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FIGURE 2. 

PANEL MEMBERSHIP (U) 
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POTENTIAL LASER THREAT TO THE NAVAL AVIATOR/MARINE PILOT 
PROBABIUJY OF PROBABILITY OF 

AVIATORS ENCOUNTERING IMPACT ON MISSION PRIORITY FOR 
MISSION AIRCRAFT THREAT DAY HIGHT LASER EYE PROT. 
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FIGURE 3. 

POTENTIAL LASER THREAT TO THE NAVAL AVIATOR/MARINE PILOT (U) 
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UNCLASSIFIED 
REPRESENTATIVE POTENTIAL THREAT - FRIENDLY AND HOSTILE LASERs' 
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REPRESENTATIVE POTENTIAL THREAT 
(U) 

FRIENDLY AND HOSTILE LASERS 
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REPRESENTATIVE DANGER ZONE COMPARISON 

.82 1.1 I 

PAIIAGE THRESHOLD 

10 WATT PULSCP 
LASER SOURCE 

LASER SOUACE 
ARGON ION 
1 • 114 nml 
10 WAllS C.W. 
1 &C EXPOSURE 1JIIE 
.5 mrad IHVEAGI!HCE 

10 1' 
RANGE (lUI) 

~ NIGHT DAZZLE 
~ PAY DAm£ 
~ EYE DAMAGE 

UNCLASSIFIED 

FIGURE S. 

REPRESENTATIVE DANGER ZONE COMPARISON {U) 

o (U) Dazzle is the loss of visual function caused by 
excessive light in the eye. The light profile is 
characterized by both temporal and spatial nonuniformity of 
illumination. 

o (U) The most significant near term threat to the successful 
completion of a naval aviator's mission is laser-induced 
night dazzle. 

o (U) Day dazzle and eye damage can become a more significant 
threat at higher power levels and for pulsed laser sources. 
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UNCLASSIFIED 
OCULAR DAMAGE AND/OR FUNCTIONAL VISUAL IMPAIRMENT 
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FIGURE 6. 

OCULAR DAMAGE AND/OR FUNCTIONAL VISUAL IMPAIRMENT (U) 
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BEHAVIORAL AND PSYCHOLOGICAL IMPLICATIONS 
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FIGURE 7. 

BEHAVIORAL AND PSYCHOLOGICAL IMPLICATIONS (U) 

PERFORMANCE OF HUMAN-MACHINE SYSTEMS IS OFTEN LIMITED BY 
BEHAVIORAL 

FACTORS ( U) 

o (U) Glare can substantially degrade, possibly prevent, 
visual performance. 

(U) Short term glare can have the same impact on mission 
success as permanent eye damage. 

o (U) Glare will differentially affect visual performance as 
a function of: 
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( U) Type of task (recognition/detection 
orientation/visual guidance) 

(U) Ambient illumination (day vs. dusk vs, night) 

(U) Intensity 
wavelength). 

and wavelength (short vs. 

versus 

long 

o (U) Psychophysiological effects can only be reduced/ 
eliminated through adequate eye protection which maintains 
necessary image quality. 

(U) High transmittance (photopic, mesopic, and scotopic) 

(U) Sufficient optical density to eliminate glare 

(U) No further restrictions to field of view 

(U) Continuing normal cockpit functions. 

o (U) Psychological effects of glare can be reduced through: 

(U) Training (e.g., safe exposures) 

(U) Development of coping strategies/countermeasures 
(will also be effective in preventing retinal burns). 

(U) Behavioral research on the effects of coherent light is 
necessary to provide guidelines for engineering decisions for 
the development and implementation of laser eye protection. 
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UNCLASSIFIED THREAT SUMMARY 

• THERE IS AN EXISTING AND INCREASING LASER THREAT TO THE NAVAL AVIATOR 

• SOME OF IT IS fROM FRIENDLY SYSTEMS (DESIGNATORS, RANGEFINDERS, ETC.) 

• THE GREATEST NEAR TERM THREAT IS DAZZLE/FLASH BUNDNESS 

• THE THREAT NOW IS AT A FEW DISCRETE WAVELENGTHS 

• IT WILL INCLUDE fREQUENCY AGILE LASERS IN THE FUTURE 

• WHETHER INTENDED OR NOT, SOVIET LASER SYSTEMS CAN BE USED AS Atfn.PERSONNEL 
WEAPONS 

PRESBfT 

FUTURE 

·LOW POWER SYSTEMS MOSTLY fOR RANGEFINDINGITARGET DESIGNAnDN 
·SOVIET SYSTEMS TYPICALLY MORE POWERFUL THAN WESTERN EQUIVALENTS 
• THREAT FROM OWN SYSTEMS SHOULD BE FACTORED 

• WIDE SPREAD LASER WEAPON SYSTEMS DEPLOYMENT UKELY WITHIN NEXT DECADE 
WITHIN SOVIET/WARSAW PACT FORCES/THIRD WORLD 

• INCREASED POWER LEVELS PROBABLE 
• TUNEABLE LASER SYSTEMS LIKELY, LENDING SOVIET WARnME RESERVE MODE 

(WARM) POTENnAL 
·MAY BE CONSIDERED ESSENTIAL AS COUNTER TO LASER-GUIDED WEAPONS SYSTEM 
• ANTI-PERSONNEL USE OFFERS NEAR •UNLIMITED• AREPOWER UNCLASSIFIED 

FIGURE 8. 

THREAT SUMMARY (U) 
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AIR CREW LASER EYE PROTECTION REQUIREMENTS 
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FIGURE 9. 

AIR CREW LASER EYE PROTECTION REQUIREMENTS (U) 
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AIR CREW LASER EVE PROTECnON REQUIREMENTS (CONT.) 
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FIGURE 10. 

AIR CREW LASER EYE PROTECTION REQUIREMENTS (CONT 1 D) (U) 
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LIMITATIONS OF THE CURRENT NAVY OR 

• ONLY REQUIRES EYE PROTECTION (VISORS) TO AVOID EYE 
INJURY AND TO COMPLETE MISSION. 

• LIMITS THE SOLUTION TO VISORS/GOGGLES. 

• DOES NOT ADDRESS STARTLE, FLASH BLINDNESS, DAZZLE/GLARE 
WHICH MAY NOT CAUSE EYE DAMAGE, BUT COULD PRECLUDE 
MISSION COMPLETION, AND CAUSE LOSS OF AIRCRAFT. 

• DOES NOT ADDRESS FUTURE AGILE FREQUENCY LASER THREAT. 

• DOES NOT ADDRESS THE HIGH POWER CAPABILITIES OF SOVIET 
SYSTEMS WHICH COULD BE EMPLOYED AS ANTI·PERSONNEL 
WEAPONS. 

• SHOULD BE MORE SPECIFIC ABOUT THE EYE EFFECTS THE NAVY 
WANTS TO PROTECT THE PILOTS/CREWS AGAINST THE MOST, 
AND WHICH MISSIONS HAVE THE HIGHEST PRIORITIES. 

• DOES NOT PROVIDE THE OPTION OF A SVSTEMIC.ORIENTED SOLUTION 
(PLATFORM), OR ALTERNATIVE COMPLEMENTARY SOLUTIONS TO VISORS. 

• DOES NOT PROVIDE FOR VISION SYSTEM PROTECTION OTHER 
THAN PILOTS' EVES. 

UNCLASSIFIED 

FIGURE 11. 

LIMITATIONS OF THE CURRENT NAVY OR (U) 
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EXISTING LASER EYE PROTECTION PROGRAMS 

IOC TYPE OF WAVE· DESCRIPTJON 
UBl!IC£ DME n•ue fl.I!IDlltA WaDI QF OEyJCg PYRPQSE 

NAYT AVAILABLE PAODUCTlON ~:t EEK-3 VISOR PROTEc:naN AGAINST OUft 
STOCIC EDU.1P GUSSES OWH a ENEUY RANGE 
FUNDS FINDERS/DESIGNATORS 

HAYT LATE 10"• .... :14,'•• ' RESOLVE ntAEAT PAOTEC11Ctl 
HOLE BETWeEN WHAl"S 
AY.AILAILE & WHATS HIHG 
DEVS.DPED 

NAVY EARLY ICI'• .. , .. l'• 1 MEET IIID-TtAU THREAT 
PftD..I£ClJON 

NAYT LATE Ill'• 1.::1 • AGII..! ' U!Er 11t£ TOTAL. LONG 
TE1UI 11tii£AT 

NR FORCE un •·· PRQOUC110N S1. 'e• VISOR PROVIDt! EARLIEST 
STOCK PROTEC"TIOH AGAINST 
PUHDS DISTlHG lltMAT P\.UI 

OUR OWN SVSTEUS 
(POTDmAI. ILU PttOSP. 
PROB.I 

AIIUY UTI • •• PROOucnOK 21'• E'tEGLASSES PAOTEC110H FOA GROUND 
STOCIC TROOPS & H£1.0 PILOTS 
FUNDS 

AAWY EARLY IO"e 1,2 ' TRIPLE NOTCH LONG TERII THAI!AT 
fiLTER 

UNCLASSIFIED 

FIGURE 12. 

EXISTING LASER EYE PROTECTION PROGRAMS (U) 
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NAVY 

AIR FORC 

LASER EYE PROTECTION PROGRAMS 
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·UNCLASSIFIED ~/////&, 1
'
2 

FIGURE 13. 

LASER EYE PROTECTION PROGRAMS (U) 
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ARMY 

NAVY 

AF 

ARMY} 
NAVY 

AF 

NAVY} 
AF 

ARMY 

LASER EYE PROTECTION PROGRAMS (CONT.) 

IOC 
TIME FRAME 

LATE 80s 

EARLY 90s 

LATE 90s 

+ 

FY a7 FUNOING 

COCCCOCCC PROOUCTKIN 

~'''''''~ 1.4 fi.3 
,///////h 1.2 

AGILE 
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FIGURE 14. 

LASER EYE PROTECTION PROGRAMS (CONT'D) (U) 
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NAVY R&D BUDGET PROALE FOR PERSONNEL LASER EYE PROTEcnON 

FUNDING 
SOURCE 

6.2 

6.3 

6.4 

FISCAL 
YEAR '87 ·a a 

$400K $4DOK 

$500K $397K 

$151K $900K 

'89 '90 '91 

$400K $400K $400K 

$934K S2.39M $2.30t1M 

$BOOK $1M $1M 

NOTE: 1.2 BUDGET INCLUDES EFFORTS AGAINST THE AGILE THREAT AND IS A S£GM£NT Ofr 
THE TOTAL BUDGET AVAILABLE FOR RESEARCH TO DEAL WITH na;: AGILE THREAT. 
ALL FIGURES ARE SUBJECT TO PERIODIC IIEVI!W AND MINOR ADJUSTMENT. 

UNCLASSIFIED 

FIGURE 15 . 

NAVY R&D BUDGET PROFILE FOR PERSONNEL LASER EYE PROTECTION 
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COOPERATIVE EFFORTS AIMED AT THE AGILE THREAT 
(6.2 FUNDING) 

FUNDING SOURCE FY87 FY88 

$500K $675K 

NAVY S400K S4DOK 

AIR FORCE $20DK $10DK 

MARINES $200K S200K 

DARPA so $400K 

FY89 

$700K 

S4DDK 

S2DOK 

$200K 

SSDOK 

UNCLASSIFIED 

FIGURE 16. 

COOPERATIVE EFFORTS AIMED AT THE AGILE THREAT (U} 
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UNCL.\SStFIED 

TECHNOLOGY OVERVIEW 

•THREAT DICTATES NEED FOR MULnPLE APPROACHES 

•DIFFERENT TECHNOLOGIES SHOULD BE COMBINED TO PROTECT AGAINST 
DIVERSE WAVELENGTHS AND TRUE AGILE THREATS 

• PASSIVE (SELF·ACTUAnNG) AND ACTIVE (DETECT AND REACT) SCHEMES 
MAY BOTH BE USEFUL 

•REMOTE VIEWING (TV OR HMO) PROVIDES ULnMATE PROTECTION IN HEAVY 
LASER EXPOSURE ENVIRONMENT 

• LASER WARNING SYSTEMS WILL BE IMPORTANT, IF NOT ESSENTIAL 

• DEVELOPMENT OF PROCEDURESIAUTOMAllC SYSTEMS FOR DAZZLE 
ARE NECESSARY 

UNCLASSIFIED 

FIGURE 17. 

TECHNOLOGY OVERVIEW (U) 
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PRESENT TECHNICAL APPROACHES 

VISORS/EYEGLASSES 

• ABSORBING DYES 
+LARGE ANGULAR EFFECTIVENESS 
• WIDE BANDS REDUCE OVERALL TRANSMISSION 
- NIGHT VISION INTERFERENCE 

• HOLOGRAMS 
+ NARROWBAND REJECnON 
·ANGULAR ACCEPTANCE PROBLEM IN VISORS (CAN 

MAKE CONTACT LENSES, ESPECIALLY FOR HELO PILOTS) 

• All 

+SIMPLE RETROFIT, PILOT ACCEPTANCE 
• 00 NOT HIGH ENOUGH IF PURPOSEFUL USE OF EVEN EXISTING RANGEFINDERS 

UNCLASSIFIED 

FIGURE 18. 

PRESENT TECHNICAL APPROACHES (U) 
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POSSIBLE FUTURE APPROACHES 

HTTER llE GLASSES 
AGILE FJLTER 
HIGHER CD 
OfiTICAL U .. TEilS 
lfATEJVAl.S (UOm Y ORGANICS AT THE MOMan): 

POLYMERS • NOMUHI!AR 
UQUID XTAL 
PHOTOCtfRO .. CS 

OPllCAL SWITCHES? 

IYST£MIPUTFORII LEVa. SOLunONS (IIUL11PLE SYSTEU SOLUTION) 
UV AHD IR F1l TaWNO AT CANOPY 
LOW CONCEHTRAnoNS OF VIS. DYES UAY R!JlUCE CANOPY GLARE 
DAZZLE PROT£C110N: DEriCT AHD RV.CT TO SPEQfiC WAVELENGTHS 
tiGH ENERGY PULSU 

FOCAl. PLAN! PASSIVE (UMJT!RS OR &Wn'CttES) FOR GUNNERS 
REP RATE DITECTORS AND "HHCIE AND PEEK" MODE 

REMOVE DIRECT VIEWING • HMO AHD TV CAUERAS 
UATERSAUI REHARCtt: 

NOff.UNEAR IX (,)) IIATERW.S (PHASE CONJUGATE MIRRORS, UMITERS) 
FASt PHOTO CHROMICS 
SEIIICONOUCTOR AHD PLASIIA swm:H1S 
ABLA'IlVE. FRustRATED TOTAL INTERNAL RULEcnON OR PHASE CHAHGE IACRIFIQ.U. WRRORS 

LASER WARNING DEVICES 
LASER SIGNATURES 

COHEREHCEIDIRECTIOHALJTY • REDUCED AfTER ATUOSPHEIIC TRAVEL 
HIGH INTiHSITY 

BRIGHf fiEL TO BACKGROUND • ALLOWS fALSE SIGNALS 
MONOCHROME SPIKE • HEED SPECTRUM AHALVZERS 

PULSE SOUitCE 
USUALLY FJXED REP RATE 
SMALL ON : OFF RAllO 

FIGURE 19. 

POSSIBLE FUTURE APPROACHES (U) 
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LONG TEAM LASER EYE PROTECTION SUMMARY 

THREAT 
GENERIC 

APPROACHES 

DIRECT VIEWING 

AGILE/ / 
LOW POWER/} 

HIGH POWER/ 

PULSED/CW ~ 

TECHNOLOGIES 

SWITCHES/ 
DIELECTRIC/ 

----+ LIMITERS __J 
IN SANDWICH .-------t 

CONFIGURATION 

TYPES OF 
DEVICES 

CANOPY COATINGS 
EYEGLASSES 

GOGGLES 
VISORS 

SENSORS-+ LASER WARNING RECEIVERS 
INDIRECT VIEWING ___.. FJL TEAS COCKPIT GLASS 

(SYSTEMS APPROACH) SWITCHES/--+ MIRRORSIT.V.S.U. 
VIEWING SYSTEMS 

UNCLASSIFIED 

FIGURE 20. 

LONG TERM LASER EYE PROTECTION SUMMARY (U) 
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NAVY ORGANIZATIONAL RESPONSIBILITIES 

• TAl-SERVICE LASER EYE PROTECnON R&D ACTIVITIES 
ARE FULLY INTEGRATED & PROPERLY ORGANIZED. 

• THE CURRENT NAVY ORGANIZATION IS TUNED TO THE 
PRESENT TECHNICAL APPROACHES FOR THE EYE PROTECTION 
PROBLEM (E.G., GLASSES, VISORS). 

• FUTURE TECHNICAL APPROACHES TO COUNTERING THE 
AGILE THREATS (E.G., THE SYSTEMS APPROACH) WILL REQUIRE 
A NEW MULTI-DISCIPLINE ORGANIZATIONAL APPROACH TO 
SUCCESSFULLY MANAGE THE PLATFORM SOLUTIONS THAT 
WILL BE REQUIRED • 

UNCLASSIFIED 

FIGURE 21. 

NAVY ORGANIZATIONAL RESPONSIBILITIES (U) 
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RECOMMENDATIONS 

REQUIREMENTS 

• MODIFY THE OR TO INCLUDE: 

• PROTECTION AGAINST AGJLE THREAT 
• SYSTEM & PLATFORM SOLUTIONS (INCLUDING LASER WARNING 

RECBVERS AS PART OF PLATFORM DEFENSIVE SUITS) 

• HIGHER OD FILTERS AND OTHER APPROACHES SOONER (HIGHER 
POWER LASERS MtGKT BE USED AS ANTI-PERSONNEL DEVICES) 

·RESEARCH ON THE "DAZZLE'" THREAT 
• OTHER TECHNIQUES 

EDUCATION I TRAINING 

• EFFECTIVE EDUCATION PROGRAMS ARE HEEDED TO: 

• MAKE AVIATORS AWARE OF THE LASER THREAT 
·ENABLE THEM TO MAKE VAUD ASSESSMENTS OF OBSERVED 

ENEMY LASER SYSTEMS 
• TRAIN THEM TO TAKE APPROPRIATE EVASIVE/AVOIDANCE 

MEASURES IN THE EVENT OF LASER THREAT EXPOSURE 

•INCORPORATE ·oAZZLE" AND LASER THREAT SIMULATIONS INTO 
AJR CREW TRAINERS 

UNCLASSIFIED 

FIGURE 22. 

RECOMMENDATIONS (U) 
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RECOMMENDATIONS 

INTELLIGENCE 

• DEVELOP AND AELD DEVICES FOR COLLECTING TECHNICAL INTELLIGENCE ON 
THE LASER THREAT TO: 

-DETECT LASER ILLUMINAnON 
·DETERMINE WAVELENGTHS 
- DETERMINE INTENSITIES 
• RECONSTRUCT THE GEOMETRY 
• DETERMINE THE WAVEFORM/PULSE LENGTtUPRF/ETC. 

• TASK HUMINT AND OTHER SYSTEMS FOR INFORMAnON TO DETERMINE WHAT 
PROTECTIVE DEVICES AND MEASURES THE SOVIETS ARE USING NOW (OR PLAN 
TO USE IN THE FUTURE) AGAINST THE LASER THREAT (AND AGAINST THEIR 
OWN DEVICES). 

• HUMINT IS NEEDED RELATIVE TO SOVIETS INTENTIONS REGARDING USING 
LASERS AS ANn-PERSONNEL WEAPONS. 

UNCLASSIFIED 

FIGURE 23. 

RECOMMENDATIONS (CONT'D) (U) 
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RECOMMENDATIONS 
R&D PROGRAM 

• DEVELOP INTERMEDIATE VISOR PROTECTION DEVICES FOR 4 IDENTIFIED 
LASER THREAT WAVELENGTHS 

• DEVELOP LONG TERM PROTECTION AGAINST THE AGILE THREAT 

• DEVELOP COUNTERS TO •·oAZZLE" PHENOMENA 

• INITIATE STUDIES TOWARD SYSTEM/PLATFORM SOLUTIONS, INCLUDING: 

·LASER WARNING DEVICES & SENSORS FOR INTELUGENT RESPONSE 
TRIGGER 

·EXTERNAL (TV) VIEWERS AND HELMUT·MOUNTED DISPLAYS 
• HARDENED CANOPIES 
• OPTICAL SWITCHES 
·MECHANISMS THAT WOULD BE USED ONLY UPON THREAT WARNING 

CONDUCT RESEARCH ON 

• NONLINEAR OPTICAL MATERIALS (NLO) 

• OPTICAL SWITCHES 

• LIMITERS 

FUNDING 

• CONSIDERATION SHOULD BE GIVEN TO FUND THE R&D PROGRAM AT AN 
ANNUAL LEVEL OF ABOUT $5M 

UNCLASSIFIED 

FIGURE 24. 

RECOMMENDATIONS (CONT'D) (U) 

29 

UNCLASSIFIED 





UNCLASSIFIED 

.-

APPENDIX A 

TERMS OF REFERENCE FOR LASER EYE PROTECTION (U) 
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TERMS OF REFERENCE FOR LASER EYE PROTECTION (U) 

BACKGROUND (U) 

(U) Thousands of lasers are currently deployed for various 
purposes (e.g., rangefinding and target designation) and could 
be used against personnel to cause either temporary or 
permanent eye damage. Of particular concern is the fact that 
future laser devices could operate anywhere in the visible, 
near infrared and far infrared bands. The present Navy/Marine 
Corps program to provide laser eye protection consists of three 
elements: two directed at discrete wavelength protection and 
the third, longer term effort under development, against the 
entire agile laser band. 

PROBLEM (U) 

0 (U) Laser eye protection devices are wavelength dependent 
and multiple devices cannot normally be used concurrently. 
Additionally, cockpit display and visual requirements 
greatly inhibit protection device versatility. A need 
exists for a generic laser eye protection device that places 
no limitation on personnel performance • 

o (U) Navy participation in the development of protection 
against the entire agile laser band is minimal and only 
leads to a full capability in 1998. 

TASKS (U) 

(U) The following subjects and tasks will be reviewed and/or 
accomplished. 

L (U) Review current Navy and DOD R&D laser eye protection 
programs. 

2. (U) Validate current and projected threat. Specifically, 
review potential present and future laser devices capable 
of use against personnel. 

3. (U) Review requirements for cockpit compatibility, night 
vision, and manual dexterity. 

4. (U) Determine status of OR to counter the threat. 

s. (U) Identify Navy organizational responsibilities for 
laser eye protection. 

6. Assess industrial and academic technology bases. 

A-1 
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GOAL (U) 

(U) To develop recommended courses of as:tion to achieve/ 
accelerate an agile (multi-frequency) laser eye protection 
capability. 

A-2 
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APPENDIX B 

PANEL MEMBERSHIP (U) 
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PANEL MEMBERSHIP 

Or. George s. Sebestyen, Chairman 
President, Defense Systems, Inc. 

Mr. Larry Blair 
Los Alamos National Laboratories 

VADM E. A. Burkhalter, USN (RET) 
President, Burkhalter Associates 

Or. Jay Enoch 
University of California, Berkeley 

Dr. Michael Feld 
Massachusetts Institute of 

Technology 

Mr. Harvey s. Fromer 
Grumman Aircraft Systems Division 

Or. Ursula J. Gibson 
University of Arizona 

Mr. William R. Graver 
Analytic Decisions, Inc. 

Or. Hershel w. Leibowitz 
Pennsylvania State 

University 

Dr. Alexander L. Slafkosky 
Private Consultant 
(Former Chief Scientist, 

USMC) 

CDR E.D. Pope, Executive Secretary 
Office of Assistant Secretary of the Navy (R,E&S) 
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APPENDIX C 

LASER EYE PROTECTION RESEARCH PROGRAMS MEMORANDUM (U) 
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THE ASSISTANT SECRETARY OF THE NAVY 
IIIUIAIICH, lNGINUIIIHG A .. O SYSUMSt 

WASHINQTON. 0 C :limO 

Jut ll 196'7 

MEMORANDUM FOR THE CHIEF OF NAVAL RESEARCH 

Subj : lASER EYE PROTECTION RESEARCH PROGRAMS 

A recent Naval Research Advisor~ Committee Study on Laser Eye 
Protection concluded that current Navy Laser Eye Protection 
proqra~s vera too narrowly focused toward resolving the eye 
protection problem by utilizing specific (i .e., at the eye) 
protection devices such as visors, goggles or eye glassa&. The 
study group concluded that research should be expanded into 
technologies that could lead toward eventual system/platform 
solutions, including explorations into: 

(a) Laser Warning Devices 
(b) Indirect Viewing Systems 
(c) Hardened Canopies 
(d) Optical switches and 
(e) Trigger Mechanisms on Threat Illumination 

Accordingly, the Chiet of Naval Research is directed to ensure 
that a research program is initiated and funded to cover the areas 
listed above ~nd as further outlined in the report which will soon 
be published from the NRAC panel's review. 

Copy to: 
OPNAV (OP-09, OS 
HQMC DC/S(R,D,S) 

~t~ 
ACTING 
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APPENDIX D 

TRAINING AND EDUCATION FOR THE LASER BATTLEFIELD THREAT (U) 
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THE ASSISTANT SECRETARY OF THE NAVY 
llllSlAIICH, INGIHUIIING AND SYSTUISI 

WASHINGTON, D.C. 2CD!a 

~UL I 4 1987 

KDIORANDUM FOR THE DIRECI'OR, RESEARCH, DEVELOPMENT AND ACQUISITION 
(OP-098) 

Subj : TRAINING AND EDUCATION FOR THE LASER BA'M'LEFIELD THREAT 

A recent Naval Research Advisory Committee Study on Laser Eye 
Protection reco .. ended that the Navy's education and training 
programs be ~odified to prepare aviators tor the potential laser 
threat that could be encountered on today'a battlefield and the 
expected proliferation of such systems in the future. The study 
found that effective education and tactics development programs are 
needed to: 

a. Insure that existing aircrews have a full "AWARENESS• of the 
laser threat. 

b. Enable aviators to make rapid, valid assessments of observed 
enemy lasers. 

c. Train flight crews to take appropriate evasive/avoidance 
aeasures in the event of laser threat exposure. 

Request you initiate action to ensure a thorough review of the 
curricula at all aviation training facilities to ensure that 
classroom ~aterial and aircrew trainer si•ulators are equipped with 
adequate materials and programs to accomplish the above objectives. 

It should be noted that the review identified the attack/strike 
mission as the highest immediate priority to receive attention in 
this area. At a later date, other mission disciplines and warfare 
areas will also require emphasis in this area. Prior to publication 
of the panel's final report, the findings of this NRAC review can 
be made available in the form of a briefing. Both Navy and Marine 
Corps programs should be closely coordinat~d. 

Copy to: 
OPNAV (OP-09, OS, 03, 009, 01) 
HQMC DC/S(R,D,S) 
CNR 
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APPENDIX E 

PRIORITY INTELLIGENCE COLLECTION REQUIREMENTS 

AGAINST LASER THREAT (U) 
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SECTION II 
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' · UNCLASSIFij:D TERMS OF 
FOR LASER 

REFERENCE 
EYE PROTECTION 

• BACKGROUND 

• PROBLEM 

• TASKS 
REVIEW CURRENT R&D LASER EYE PROTECTION PROGRAMS 
VAUDATE CURRENT AND PROJECTED THREA~ 
REVIEW REQUIREMENTS FOR COCKPIT COMPATIBILITY, 
NIGHT VISION, AND MANUAL DEXTERITY 
DETERMINE STATUS OF OPERATIONAL REQUIREMENTS TO 
COUNTER THE THREAT 
IDENTIFY NAVY ORGANIZATIONAL RESPONSIBILITIES 
ASSESS INDUSTRIAL AND ACADEMIC TECHNOLOGY BASES 

• GOAL 
DEVELOPMENT OF RECOMMENDED COURSES OF AcnON TO 
ACHIEVE/ACCELERATE AN AGILE (MULTI-FREQUENCY) LASER 
EYE PROTECTION CAPASIUTY 

UNCLASSIFIED 

FIGURE 1. 

TERMS OF REFERENCE FOR LASER EYE PROTECTION (U) 

BACKGROUND (0) 

( U) Thousands of lasers are currently deployed for various 
purposes (e.g., rangefinding and target designation) and could 
be used against personnel to cause either temporary or 
permanent eye damage. Of particular concern is the fact that 
future laser devices could operate anywhere in the visible, 
near infrared and far infrared bands. The present Navy/Marine 
Corps program to provide laser eye protection consists of three 
elements: two directed at discrete wavelength protection ·and 
the third, longer term effort under development, against the 
entire agile laser band. 

PROBLEM (U) 

o (U) Laser eye protect i on devices are wavelength dependent 
and multiple devices cannot normally be used concurrently. 
Additionally, cockpit display and visual requirements 
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greatly inhibit protection device versatility. A need 
exists for a generic laser eye protection device that places 
no limitation on personnel performance . 

o ( U) Navy participation in the development of protection 
against the entire agile laser band is minimal and only 
leads to a full capability in 1998. 

TASKS (U) 

( U) The following subjects and tasks will be reviewed and/or 
accomplished. 

1.' (U) Review current Navy and DOD R&D laser eye protection 
programs. 

2. (U) Validate current and projected threat. Specifically, 
review potential present and futura laser devices capable 
of use against personnel. 

3. (U) Review requirements for cockpit compatibility, night 
vision, and manual dexterity. 

4. (C} Determine status of o~_to counter the threat. 

s. (U) ~dentify Navy organizational responsibilities for 
laser eye protection. 

6. Assess industrial and academic technology bases. 

GOAL {U) 

(U) To develop recommended courses of action to achieve/ 
accelerate an agile (multi-frequency) laser eye protection 
capability. 
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r UNCl.ASSIFIEO 
PANEL MEMBERSHIP 

• DR. GEORGE S. SEBESTYEN • PANEL CHAIRMAN 
PRESIDENT DEFENSE SYSTEMS, INC. 

MR. LARRY BLAIR 
LOS ALAMOS NATIONAL LABORATORIES 

VADM E. A. BURKHALTER, USN (RET} 
PRESIDENT, BURKHALTER ASSOCIATES 

DR. JAY ENOCH 
UNIVERSITY OF CALIFORNIA. BERKELEY 

DR. MICHAEL FELD 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

MR. HARVEY S. FROMER 
GRUMMAN AIRCRAFT 'SYSTEMS DIVISION 

DR. URSULA J. GIBSON 
UNIVERSITY OF ARIZONA 

MR. WILUAM R. GRAVER 
ANALYTIC DECISIONS INC. 

DR. HERSHEL W. LEIBOWilZ 
PENNSYLVANIA STATE UNIVERSITY 

DR. ALEXANDER L. SLAFKOSKY--
PRIVATE CONSULTANT (FORMER CHIEF SCIENTI~T USMC) 

CDR E. D. POP! • PANEL EXECUTIVE SECRETARY 
OFFICE OF ASSISTANT SECRETARY OF THE NAVY (R,E&S) 
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FIGURE 2. 

PANEL MEMBERSHIP (tJ) 
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POTENTIAL LASER THREAT TO THE NAVAL AVIATOR/MARINE PILOT 

PROBABIUTY OF PROBASIUTY OF 
AVIATORS ENCOUNTERING IMPACT ON MISSION PRIORITY 
t.IISSIOH AIRCRAFT THREAT DAY NIGHT LASER EYE 
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FIGURE 3. 

FOR 
PROT. 

POTENTIAL LASER THREAT TO THE NAVAL AVIATOR/MARINE PILOT (U) 
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REPRESENTATIVE POTENTIAL THREAT - FRIENDLY AND HOSTILE LASERs' 
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REPRESENTATIVE POTENTIAL THREAT 
(U) 

FRIENDLY AND HOSTILE LASERS 
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10 

REPRESENTATIVE DANGER ZONE COMPARISON 

.n ,., s 

DAMAGe ntAESHOLD 

10 WATT PULSED 
V.SEA SOUACE 

V.SEA SOUACE 
ARGON IOK 
1 • St4 nml 
til WATTS C.W. 
t SEC EXPOSURE 11ME 
~ nw.d ~VERGENCE 

• 10 , , 

RANGE (ICM) 

1- ....... 

i& cc a 
I>JZ?Jd 

NIGHT DAZZLE 
D.l Y DAZZLE 
EYEDAJAACE 

UNCLASSIFIED 

FIGURE 5. 

REPRESENTATIVE DANGER ZONE COMPARISON (U) 

o (U) Dazzle is the loss of visual function caused by 
excessive light in the eye. The light profile is 
characterized by both temporal and spatial nonuniformity of 
illumination. 

o (U) The most significant near term threat to the successful 
completion of a naval a via tor's mission is laser-induced 
night dazzle. 

o (U) Day dazzle and eye damage can become a more significant 
threat at higher power levels ana for pulsed laser sources. 
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ruNCLASSIFIED " OCULAR DAMAGE AND/OR FUNCTIONAL VISUAL IMPAIRMENT 
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FIGURE 6, 

OCULAR DAMAGE AND/OR FUNCTIONAL VISUAL IMPAIRMENT (U) 
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BEHAVIORAL AND PSYCHOLOGICAL IMPLICATIONS 
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FIGURE 7. 

BEHAVIORAL AND PSYCHOLOGICAL IMPLICATIONS (U) 

PERFORMANCE OF BOMAN-MACHINE SYSTEMS IS OFTEN LIMITED BY 
BEHAVIO~~L 

FACTORS (U) 

o (U) Glare can substantially degrade, possibly prevent, 
visual performance. 

(0) Short term glare can have the same impact on mission 
success as permanent eye damage. 

o (0) Glare will differentially affect visual performance as 
a function of: 
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(U) Type of task (recognition/detection 
orientation/visual guidance) 

(U) Ambient illumination (day vs. dusk vs. night) 

(U) Intensity 
wavelength) • 

and wavelength (short vs. 

versus 

long 

o (U) Psychophysiological effects can only be reduced/ 
eliminated through adequate eye protection which maintains 
necessary image quality. 

(U) High transmittance (photopic, mesopic, and scotopic) 

(U) Sufficient optical density to eliminate glare 

(0) No further restrictions to field of view 

(U) Continuing normal cockpit functions. 

o (U) Psyc~ological effects of glare can be reduced through: 

{U) Training (e.g., safe exposures) 

(U) Development of coping strategies/countermeasures 
(will also be effective in prevepting retinal burns). · 

. 
(U) Behavioral research on the effects of coherent light is 
necessary to provide guidelines for engineering decisions for 
the development and implementation of laser eye protection • 

• 
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r UNCLASSIFIED THREAT SUMMARY 

• THERE IS AN EXISTING AND INCREASING LASER THREAT TO THE NAVAL AVIATOR 

• SOME OF IT IS FROM FRIENDLY SYSTEMS (DESIGNATORS, RANGEFINDERS, ETC.) 

• THE GREATEST NEAR TERM THREAT IS DAZZLE/FLASH BUNDNESS 

• THE THREAT HOW IS AT A FEW DISCRETE WAVELENGTHS . . 
• lT WILL INCLUDE FREQUENCY AGIL.£ LASERS IN THE FUTURE 

• WHETHeR INTENDED OR NOT, SOVIET LASER SYSTEMS CAN BE USED AS ANll-PERSCNNEL 
WEAPONS 

PRESENT 

-LOW POWER SYSTEMS MOSnY FOR RANGEFJNDING/TARGET DESIGNATION 
-SOVIET SYSTEMS TYPICALLY MORE POWERFUL THAN WESTERN EQUIVALENTS 
- THREAT FROM OWN SYSTEMS SHOULD BE FACTORED 

FUTURE 

·WIDE SPREAD LASER WEAPON SYSTEMS DEPLOYMENT LIKELY WITHIN NEXT DECADE 
WITHIN SOVIET/WARSAW PACT fORCES/THIRD WORLD 

• INCREASED POWER LEVELS PROBABLE 
-TUNEABLE LASER SYSTEMS LIKELY, L-eNDING SOVIET WARnME RESERVE MODE 

(WARM) POTENTIAL 
-MAY BE CONSIOERED ESSENTIAL AS COUNTER TO LASER-GUIDED WEAPONS SYSTEM 
- AHTl•PERSOHNEL USE OFFERS NEAR -uHUMrreo· ~REPOYIER UNCLASSIFIED 

.. 

FIGURE 8. 

THREAT SUMMARY (U) 
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AIR CREW LASER EYE PROTECTION REOUIR EMENTS 

C,U•AIILITIIS/ NAV'f OA IOtt-0517, LASER E'YI! 
CHAI\AcniRI5T1CS PJIIOTEC110H FOR HAV'YI IoiARINI. 

CORPS AVIATORS 
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FIGURE 9. 

AIR CREW LASER EYE PROTECTION REQUIREMENTS (U) 
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AIR CREW LASER EYE PROTECTION REQUIREMENTS (CONT.) 
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FIGURE 10. 

AIR CREW LASER EYE PROTECTION REQUIREMENTS (CONT'D) (U) 

• 
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LIMITAT10NS OF THE CURRENT NAVY OR 

• ONLY REQUIRES EYE PROTECTION (VISORS) TO AVOID EYE 
INJURY AND TO COMPLETE MISSION, 

• LIMITS THE SOLUTION TO VISORS/GOGGLES. 

• DOES NOT ADDRESS STARTLE, FLASH BLINDNESS, DAZZLE/GLARE 
WHICH MAY NOT CAUSE EYE DAMAGE, BUT COULD PRECLUDE 
MISSION COMPLETION, AND CAUSE LOSS OF AIRCRAFT. 

• DOES NOT ADDRESS FUTURE AGILE FREQUENCY LASER THREAT. 

• DOES NOT ADDRESS THE HIGH POWER CAPABtLmES OF SOVIET 
SYSTEMS WHICH COULD BE EMPLOYED AS ANTI-PERSONNEL 
WEAPONS. 

• SHOULD BE MORE SPECIFIC ABOUT THE EYE EFFECTS THE NAVY 
WANTS TO PROTECT THE PILOTSICREWS AGAINST THE MOST, 
AND WHICH MISSIONS HAVE THE HIGHEST PRIORITIES • 

. 
• DOES NOT PROVIDE THE OPTION OF A SYSTEMIC-ORIENTED SOLUTION 

(PLATFORM), OR ALTERNATIVE COMPLEMENTARY SOLUTIONS TO VISORS. . ~ 

r • DOES NOT PROVIDE FOR VISION SYSTEM PROTECTION OTHER 
THAN PILOTS' EYES. 

UNCLASSIFIED 

FIGURE 11. 

LIMITATIONS OF THE CURRENT NAVY OR (U) 
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EXISTING LASER EYE PROTECTION PROGRAMS 
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EXISTING LASER EYE PROTECTION PROGRAMS (0) 
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LASER EYE PROTECTION PROGRAMS 
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3 ,\'.1 + 

AGIU! 

TRIPLE HOTCH 

LATE IO's !AALY !IO's LATE 90's 

v 

. . 

v - X 
v 

FY 17 FUNDING 
~ PAODUcnON 

~'\.~~~ 1.£ 

V PROJECTED IOC If _,;;c a"*' a.:J 
.UNc'u.ssiFIED .~//////H. 5' 2 

FIGURE 13. 

LASER EYE PROTECtiON PROGRAMS (0) 
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UNCLASSIFIED 

ARMY 

NAVY 

AF 

A~} 
NAVY 

AF 

NAVY} 
AF 

ARNY 

LASER EYE PROTECTION PROGRAMS (CONT.) 

IOC 
TIME FRAME 

LATE 80s 

EARLY 90s 

LATE 90s 

+ 

F't 17 FUNDING 

Q 00 00 QQ= 0 PRODUCTION 
~,,,,,,,~ 1.4 

p I g • 6 .3 

Q//////h •. 2 

AGILE 

UNCLASSIFIED 

FIGURE 14. 

LASER EYE PROTECTION PROGRAMS (CONT'O) (U) 
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UNCLASSIFIED 
NAVY R&D BUDGET PROFILE FOR PERSONNEL LASER EYe PROTECTION 

FUNDING 
SOURCE 

6.2 

6,4 

FISCAL 
YEAR '87 

$400K 

$500K 

S151K 

'88 

$400)( 

$397K 

$9001( 

'89 '90 '91 

$400K $400K S400K 

$934K S2.39M S2.306M 

$800K $1M $Hd 

NOTE: 1.2 8UOGET INCLUDES EFFORTS AGAINST THE ACILE ntAEAT AHO IS A S!GMENT OF 
THE TOTAL BUDGET AVAILABLE FOR RESI!AACH TO DEAl. WITH THE AGILI! THREAT. 
AU. FIGURES ARE SUBJECT TO PI!RIODIC REVIEW AHD UINOA ADJUSTMENT. 

UNClASSIFIED 

FIGURE 15 . 

NAVY R&D BUDGET PROFILE FOR PERSONNEL LASER EYE PROTECTION 
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UNCLASSIFIED 

COOPERAnVE EFFORTS AIMED AT THE AGILE THREAT 
(6.2 FUNDING) 

FUNDING SOURCE FY87 FY88 FY89 

ARMY $50 0K $575K $7DOK 

NAVY S400K $400K S400K 

AlA FORCE $~DOK $10DK S2DOK 

MARINES $200K $20DK $2DOK 

DARPA $0 S400K S5DOK 

UNCLASSIFIED 

FIGURE 16. 

COOPERATIVE EFFORTS AIMED AT THE AGILE THREAT (U) 
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TECHNOLOGY OVERVIEW 

•THREAT DICTATES NEED FOR MULTIPLE APPROACHES 

• DIFFERENT TECHNOLOGIES SHOULD BE COMBINED TO PROTECT AGAINST 
DIVERSE WAVELENGTHS AND TRUE AGILE THREATS 

• PASSIVE (SELF-ACTUATING) AND ACTIVE {DETECT AND REACT) SCHEMES 
MAY BOTH BE USEFUL 

•REMOTE VIEWING (TV OR HMO) PROVIDES ULTIMATE PROTECTION IN HEAVY 
LASER EXPOSURE ENVIRONMENT 

•LASER WARNING SYSTEMS WILL BE IMPORTANT, IF NOT ESSENTIAL 

• DEVELOPMENT OF PROCEDURES/AUTOM~lJC SYSTEMS FOR DAZZlE 
AR! NECESSARY • 

• 
UNCLASSIFIED 

FIGURE 17. 

TECHNOLOGY OVERVIEW (U) 
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PRESENT TECHNICAL APPROACHES 

VISORS/EYEGLASSES . . 
• ABSORBING DYES 

+ LARGE ANGULAR I!FFECTIVENESS 
• WJDE BANOS REDUCE OVERALL TRANSMISSION 
- NIGHT VISION INTERFERENCE 

• HOLOGRAMS 
+ NARROWBAND REJECTION 
·ANGULAR ACCEPTANCE PROBLEM IN VISORS (CAN 

MAKE CONTACT LENSES, ESPECIALLY FOR HELO PILOTS) 

• ALL 

+SIMPLE RETROFIT, PILOT ACCEPTANCE 
- OD NOT HIGH ENOUGH IF PURPOSEFUL USE OF EVEN EXISTING RANGEFINDERS 

UNCLASSIFIED 

FIGURE 18. 

PRESENT TECHNICAL APPROACHES (U) 
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UNCLASSIFIED 

POSSIBLE FUTURE APPROACHES · 

BET'T'ER EY£ GLASSES 
ACILE FIL~R 
IIGHEa 00 
OP11CAL UMI~RS 
UA~RIALS {IAOSTI.Y ORGANICS AT Tli! MOMEHT): 

POl 'I'MERS - HONUNEAA 
UOUID XTAL 
PHOTOatROMICS 

OPT1CAL SWlTOIUT 

SYSTCUIPUTFORM L!V!l. SOLUTIONS (UULT1PLE SYSTEM SOLUTION) 
UY AND tR FIL1'£111HG AT CAHOPY 
LOW COHCiHTRAnoHS OF VIS. DY£5 MAY REDUCE CANOPY CLARE 
DAZZI.E Pft~cnOH: DETECT AND REACT TO SP!CFIC WAVEl.EHGTMS 
HIGH EHEilGY Pt.ILSES 

POCAL PLANE PASSI'a (U._.ITERS OR SWITCHES} FOR GUNNERS 
REP RA11! DETECTORS AND "ltiOE AHD PI!EIC" MOD! 

AEIIOVE DIRECT VIEWING • HND AND TV CAMERAS 
UAT'aRIAU IIES&ARCH: 

NOH·UHEAR (X (:Itt MATERIALS (PHASE COHJUGA~ MIRRORS, LIU~RS) 
PAST PHOTO CHROioiiCS 
SEMICONDUCTOR AHO PLASMA SWITCHES 
AI!ILA11VE. FRUSTRATED TOTAL INTERNAL REFtEcnON OR PHASE CMAHGE SACRIFICIAL MIRRORS 

LASER WARNING DEVICI:S 
LASER SIGHAT\JRES 

COHEaENCEIDIR&cnoHAUTY • REDUCED AFTER AT&.IOSPHERIC TRAVEl. 
HlGH INTEHSrrY 

BRIGHT REI, TO BACICGROUHD • AUOWS FALSE SIGNALS 
MONOQIROME SPIIU~ • NEED SPECTRUM ANAl. YDRS 

PULSE SOURCJ! 
USUAU 't FIXED REP FL\TE 
Slo'AU. OH : OFF RAi10 

FIGURE 19. 

rOSSIBLE FUTURE APPROACHES (U) 

.. 
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UNCLASSIFIED 

LONG TERM LASER EYE PROTECTION SUMMARY 

THREAT 
GENERIC 

APPROACHES 

DIRECT VIEWING 

AGILE/ / 
LOW POWER/} 
HIGH POWER/ 

PULSE!D/CW ~ 

TECHNOLOGIES 

SWITCHES/ 
DIELECTRIC/ 

- LIMITERS ____J 
IN SANDWICH ~ 

CONFIGURATION 

TYPES OF 
DEVICES 

CANOPY COATINGS 
EYEGLASSES 

GOGGLES 
VISORS 

SENSORS - LASER WARNING RECEIVERS 
INDIRECT VIEWING - FILTERS COCKPIT GLASS 

(SYSTEMS APPROACH) -SWITCHES/- MIRRORS!T.V.S.U. 
VIEWING SYSTEMS 

UNCLASSIFIED 

FIGURE 20. 

LONG TERM LASER EYE PROTECTION SUMMARY (0) 
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UNCLASSIFIED 

NAVY ORGANIZATIONAL RESPONSIBILITIES 

• TRI·SERVICE LASER EYE PROTECTION R&D ACTIVfTIES 
ARE FULLY INTEGRATED & PROPERLY ORGANIZED. 

• THE CURRENT NAVY ORGANIZATION IS TUNED TO THE 
PRESENT TECHNICAL APPROACHES FOR THE EYE PROTECTION 
PROBLEM (E.G. , GLASSES, VISORS). 

• FUTURE TECHNICAL APPROACHES TO COUNTERING THE 
AGILE THREATS (E.G., THE SYSTEMS APPROACH) WILL REOUfRE 
A NEW MULTI·DfSCIPUNE ORGANt2ATIONAL APPROACH TO 
SUCCESSFULLY MANAGE THE PLATFORM SOLUTIONS THAT 
WILL BE REQUIRED. 

UNCLASSIFIED 

FIGURE 21. 

NAVY ORGANIZATIONAL RESPONSIBILITIES (U) 
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UNCLASSIFIED 

RECOMMENDATIONS 

• REQUIREMENTS 

• MODIFY THE OR TO INCLUDE: 

• PROTECTJON AGAINST AGILE THREAT 
·SYSTEM & PLATfORM SOLUTIONS (INCLUDING LASER WARNING 

RECEIVERS AS PART OF PLATFORM DEFENSIVE SUITS} 

• HlGHEH OD FJL TEAS AND OTHER APPROACHES SOONER (HIGHER 
POWER LASERS MIGHT BE USED AS AHTJ-PERSONNEL DEV1CES) 

• RESEARCH ON nfE ·o~ THREAT 
• OTHER TECHNIQUES 

EDUCATION A TRAINING 

• EFFECTIVE EDUCATION PROGRAMS ARE NEEDED TO: 

• MAkE AVIATORS AWARE OF THE LASER THREAT 
·ENABLE THEM TO MAkE VAUD ASSESSMEHTS OF OBSERVED 

ENEMY LASER SYSTEMS 
• TRAIN THEM TO TAKE APPROPRIATE EVASIVE/AVOIDANCE 

MEASURES IN THE eV!NT OF LASER THREAT EXPOSURE 
•INCORPORATE ·oAZZLE" AND LASER THREAT SIMULATIONS INTO 

AIR CREW TRAINERS 

. 
UNCLASSIFIED 

E'IGORE 22. 

RECOMMENDATIONS (U) 
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UNCLASSIFIED 

RECOMMENDATIONS 

INTELLIGENCE 

• DEVELOP AND FIELD DEVICES FOR COLLECTING TECHNICAL INTELLIGENCE ON 
THE LASER ntREAT TO: 

·DETECT LASER ILLUMINATION 
• DETERMINE WAVELENGTHS 
• DETERMINE INTENSITIES 
• RECONSTRUCT THE GEOMETRY 
·DETERMINE THE WAVEFORM/PULSE LENGTH/PRF/ETC. 

•TASK HUMINT AND OTHER SYSTEMS FOR INFORMATION TO DETERMINE WHAT 
PROTECTIVE DEVICES AND MEASURES THE SOVIETS ARE USING NOW (OR PLAN 
TO USE IN THE FUTURE) AGAINST THE LASER THREAT {AND AGAINST THEIR 
OWN DEVICES). --

• HUMINT IS NEEDED RELATIVE TO SOVIETS INTENTIONS REGARDING USING 
LASERS AS AHTJ..PERSONNEL WEAPONS. 

UNCLASSIFIED 

FIGURE 23. 

RECOMMENDATIONS (CONT'D) (U) 
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