
V AD AO’I t k28 NAVAL A IR O€VELOPI~~NT CENTER WARMY NSTER PA CREW Sn—ETC FM jt,’~PR EDICTIO N cc AIRBORNE T & U E T  OETECTIONaIfl
.J*JN 77 S 7 CHIS4$~UNC LASSIFI ED NADCefltOS—*O

___ _ _

P _III
END

DATE
FrLMED

‘7 a.77



‘ .0

Ii

I 4



(
~~~~~ 

/

1 1  \
~ — -

REPORT NO. NADC-77102-40

P R E D I C T I O N  OF A I R B O R N E  T A R G E T  D E T E C T I O N
©

Gloria Twine Chisum , Ph.D.
Crew Systems Department

NAVAL AIR DEVELOPMENT CENTER
Wa rmins ter , Pennsylvan i a 18974

3 JUNE 1 977

D D C
YF flhh11TS9’ ~PHASE REPORT

AIRTASK NO. A6306301-OO1D-7w06100000 ‘~~~~~ - ~~~~ 1977
Work Unit No. RF-401

{ ~~~~~ APPROVED FOR PUBLIC RELEASE ; DI STRIBUTION U N L I M I T ED .

i t
Prepared for

NAVAL AIR SYSTEMS COMMAND
Department of the Navy
Washin gton . D.C. 20361



N O T I C E S

REPORT NUMBERING SYSTEM - The numbering of technical project reports issued by the Naval Air Develop
men? Center is arranged for specific identification purposes. Each number consists of the Center acronym, the
calendar year in which the number was assigned, the sequence number of the report within the specific calen-
dar year , and the official 2-digit correspondence code of the Command Office or the Functional Department
responsible for the report. For example: Report No. NADC-16015-40 indicates the frfteenth Center report for the
year 1976, and prepared by the Crew Systems Department. The numerical codes are as follows:

CODE OFFICE OR DEPARTMENT

00 Commander, Naval Air Development Center
01 Technical Director, Naval Air Development Center
02 Program and Anancial Management Department
07 VISTOL Program Office
09 Technology Management Office
10 Naval Air Facility, Warminster
20 Aero Electronic Technology Department

Air Vehicle Technology Department
40 Crew Systems Department
50 Systems Department
60 Naval Navigation laboratory
81 Technical Support Department
85 Computer Oepartment

PRODUCT ENDORSEMENT . The discussion or instructions concerning commercial products heretn do not con-
stitute an endorsement by the Government nor do they convey or imply the license or right to use such pro-
ducts

1/

‘ I

APPROVED BY: 
____________________________  

DATE 
~~~~/7)

M. PASSAGLIA , Jr.



UNCLASSIFILD _____________

S E C U R I T Y  CL A S S I F I C A T I O N  OF THIS P A G E  (*7. .~ D.c. fnl.,.d)

- ~ ~~~~~~~~ 
READ INSTRUCTION Sri rrv R p uu~ UMcH I A~ IIJI~ ! A U~~ BEFORE CO~~PL ETTN G FORM

.

~~~~~~

‘ 
~~

. ~~~pQ~~ ~~ju•f _ .- 2. OOVT AC CESSION NO. 3 R EC I P I ENT ’ S C A T A L O G  NUMSER

.> ~jlADC-77lU2-4D ______________________________ ___________________________
7 4 T I r ~~~ (Wd $~bUlI&1 _ .  -_~ 

— 
I. TYPE OF ~LPORT ~ P~~~~OD COVERED

PREDICTION OF AIRBORNE TARGET DETECTION . / 
j

Phase Repott .

— 
- 1 PERFORMING ORG. REPORT NuMSEN

7 A U T H O R ( s )  
— 

S. C O N T R A C T  OR GRA NT NU M •IR ( .)

G i n a  Twine /Chi sum~ Ph .D.

S. PER FORMING O R G A N I Z A T I O N  NAM E AND ADDR ESS 10 P~~OO~~AM tLEMt NT, PRO,IECT , T A SK

C rew S ys t ems Department (Code 40 )  — A I RTASK NO .. A63 0 63 01 - OO1 D-
Mi v al Air Development Center 7w06i00000 , W. 1 J .  RF-4 01
Warm inster , PA 18974 — 

____________________________

II CO N T RO L L I N G  OF FICE NAME AN D AO DRES S 12. *LPORT..O*X&

Nava l  A i r  Systems Comm and (A I R-340B)  t’~ 
3 JUNE I~ 77

Department of the Navy TT~~~~~WSER O~~ PA GES

c~dshin (Jton , DC 20361 
_____ _________ ______________________________

~4 MON ITORING AOE$b~~Y N.4M& S A DQRESS(SI dSVf.rwt frø.. C~~ ,~oIIIná OffI~ .) 13 S E C U R I T Y  C L A S S .  (of lbs . r.pozf)

- V -

!‘/ ~
. j  ‘. UNCLASSIFIED

\ T~~ T~~DECLASSIF ICATI O N TO0SNGRADING 
-

SCHEDUL E

13 DIST RISUT ION S T A T E M ENT (of lbS. R.po.I)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED .

17 O ISTRISI J T I ON S T A T E M ENT (of lb. .b.l,acI .s,t. ,.d In 8Iock 20. If dIff.r.nS ft .., R.po,f)

13 SUPPLE ME NTA R’f  NOTES

IS K E Y  WORD S (C.n(Inu. a,, r.v•r~• .Id. If n.c... y wi Id.ntlfy b~’ W ock n,~n~b.r)

Targ et Dete t ion
T a r g e t V i s i b il i t y
Atmospher ic  T ransmi t tance
Objec t V i s iHli ty
A ppar nt Cont ras t  —________

$0 RA T (ConlSn~,S .. to.... . .ld. It n.c... ~~~ a,d ld.nslty b~ block n,,.,b.r~

Th v i s i b i l i t y  of a uniformly luminous object  depends on the apparent con-
t rast  betwe s~n the object and its ba .kground , the angular subtense of the ob-
j e c t , the contrast threshold of the observer at the leve l of luminance to
which the eyes are adapted , the con tit ions and techni que of observ ing and
the shape of the object .  Techni ques for combining the inf luence of the va n-
ou’~ factors have been appli ed to the problem of predicting airborne target .
detectability. Recommendati ons for achieving the desired detectability are
made . ~

DD ~~ ~~~ EDITI ON OF I NOV SS I$ OSSOLITE UNCLASSIFIED
‘N 0102 .  LF O l d .  6 6 0 1  SECURITy CLASIIPICATION OP TwIS PAGE (~~Iw D.t. l,, II,.d)

I
I J

// ‘ ) ,~~ - 
.



NMDL-771 02-40

T A B L E  O F  C O N T E N T  S

Page

L I S T  ~F TA RLE ~

LI T OF FIGU R E S 

LIST OF ABBREVIATIONS 2

BA C~ 1ROU’~D 3
PROB LEM DEFINITION 3

S0LU ~~()N’~ 
A L T ~ ~NAT IVE S FOR DAYLIGHT DETECTABILITY ENHANCEMENT 21

LOW-LIGHT LEVEL DETECTION 21

RECOMMENDATIONS 21

REFERENCES 22

TABLE

I Sk y Brightness 
Ii Vehi le Dimensions 13

II I  Meas ured Surface Reflectance 
IV Veh ic le Dete ction Distances 16
V Contrast Required to Make AQM -37B Detection

F qu al  to A i rc raf t Detec ti on 17
V I  L i g ht Inte n’J ties (ft lamberts) Requ ired to

A chi eve Indicated Contrasts 18
VII AQM -37B Detect ion Distances (yd ) for Various

L ight Source Enhancers (Head-On)
(Meteoroloqica l Range - 20,000 yd) 19

V II I  AQM- 378 Detection Distances (yd ) for Various
L ight . Sou rce Enhancers (Head-On)
(Meteorological Range - 5,000 yd) 20

FI G’JRF

T
d r r j f t Detection Distan ce; Target Area 1 Sq Ft 
a rqet Detection Distance; Target Area 20 Sq Ft 7

~ar qe t. Detec tion Distance; Target Area 40 Sq Ft 8
farget Detection Distance; Target Area 80 Sq Ft 9

I, Target Detection Distance; Target Area 200 Sq Ft 10
Ta rget Detection Distance; Target Area 600 Sq Ft 11

1 AQM -31B Target I?



NADC-77l02--4O

L I S T  O F  A B B R E V  I A T  I O N S

= Visual  Angle in M i nu tes of Arc

B
0 

= Inherent Luminance of Background

BR 
= Apparent Luminance of Background

Bs = Surface Il lumination

BT 
= Luminance of Object

C
0 

= Inherent Contrast

CR 
= Apparent Contrast

R = Object Distance

R = Opt ical  Slant Range

TR= Surface Refl ectance

V = Meteorological Range
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B A C  K G R O U N D

Tar -~~’ ’ , whi ’ h simulate aircraft are often used for training purp oses. In
som e t ypes of training , It is necessary that the sim ulate d aircraft be detect-
a bl e at the same distance that an aircraft would be detected . To desi gn the
des ired 1e~ t L t a bi 1l ty into a simulator , it is necess ary to be able to predict
ai rborne target detectability .

The vis i b i l i t y  of a uniforml y luminous object depends on the apparent
co ntrast between the object and its background , the a ngular size of the object,
the contr i r ,t threshold of the observer at the level of luminance to which the
eyes are adap ted , the cond itions and techniques of observing, and the shape of
the object. A number of studies of the visibility of distant objects have been
made , and techniques for combining knowledge of the influence of the various
fac tors have been developed to permit prediction of the v i s i b i l i t y  of distant
objec ts. Those tech niques have been appl i ed to the probl em of predic tin g the
v i s i b i l i t y  of aircraft and aircraft simulators, and to the develop m ent of
recommendations for achieving a desired level of visibility of a target.

PROBLEM D E F I N I T I O N

Bot h he apparent contrast and the ang ular size of an object depend on the
distance between the object and the observer. However , the laws wh ich govern
the var iations in apparent contrast and angular size differ. At a distance R
yd . a c ircular object of area A square ft . subtends an ang le, ~, m inutes of
an given by:

= 1293 A 1/2 R minutes of arc (1)
1

The apparent contrast , CR, of an object at a distance R , has been shown to be
related to its inherent contrast , C0, by the funct ion

CR 
— (B

O/BR
) C0e 

-3.912R/v 
(2)2

whe n B~ is the inherent luminanc e of the background , BR is the apparent lum inance
of the background , ~ is the optical slant range and v is the meteorological range.
The meteorolo gical range is defined as the distance at which the contrast trans-
mittance of the a tmosphere is two percent. The inherent contrast is defined as:

C0 BT 
- B0/B0 (3)

where 8T tht luminance of the object.

T he contrast threshold of an observer has been shown by Bla~ kwe ll ’~ to depend
simultan eousl y on ~ a nd C R . Calc ulation of the sighting range of an object re-
quires a serie of successive approximati ons. To avoid the succ essive approxi-
m ation method , Duntley and others have devised a nomog raphic method of pre-
d icting sighting range which takes into account the simultaneous operati on of
~ and CR 1 . If the inherent contrast and size of an object , the meteoro log ic~i l
r a n g e , and the background br ightness are known , the sightin g distance can be
de termined from the rioniograph. Fo r ex ample , assume that an object of an area
of 20 square ft and luminanc e of 10 ft lamberts is viewed on a day when the

- 3 -
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meteoro logical range is 20,000 yd against i ‘~~1 l day l iqh sk y of 1 000 ft
lamberts. Ic e inher ent con t rast of the objec is:

C0 
= 10-1000/1000 = -0 . 2 9

If we ~o sen , c’ fi~~. re 2 and place a c tr a i ;r ’ ed ge betwee n 0.99 on the
co ntrast scal e and 20 ,~)fl~ or the ~e~ eoro l o~ i~ el scale , the left most curve
,,hi cn is the c:~’ve for ..i 1 000 f t  lambert sk y ir ’ig htne’~s is intersected at a
po int ~cich correspond s to 6000 /d on the sighting range scale. The nomo-
graph is cons tructed from the data relati n g sighting range to background
luminan ce , tar get l um i n a n c e , ta rget s i ze , a nd atmospheric contrast reduction.

The inherent contrast of an object is deterroed by equation (3). The
luminance of the object (BT) ca n be approximated from the reflectance of the
o b e ~ t and th ~- I ll um i nating source by:

BT 
= 8s TR (4)

~sene ~s 
is ~be i l l ij: ~in at io n failing on a si rf a r and TR is the refl ectance

o’ t n r  ;jrface . If B~ i s ex pr essed i n f t  ca nd l e s , 3T is ft lamberts. The
lj~ in an~~ o~ the ky has bee n measured at various places by different methods .
A n ap p r o x imation cf sky brightness at different times of day is shown iii
table :.

Fi ”ure~ 1 th~ough ~ have been developed from the nornograph s reported by
Dunt le y~ for a pplicat i or to the specific case of predicting the detectability
of ai r craft and aircraft simulators .

t e’~’eraT assun ptions have been made in developing the following solution
and re~ ommer datio r s. Pie first set of assumptions ire that the aircraft
simulator is the PQM-37B target , that it is pai nted aircraft orange and that
it has the dimensions shown ir figure 7. The seco nd set of assumptions are
that the air c ra f t under consideration are painted aircraft white , that
they are ~hx M IG- 5 and the M IG-2 1 and that the dimensions are as shown in
ta ble II. ’

~

The medsured ref 1ectance~ of samples of international orange and aircraft
white and a r r c raf t grey are shown in tabl e III.

The third se~ of assumptions deals w ith the geom etry of the observation
environment and t 1 e sample illumina t ions. The observer is assumed to be on
the ground , the torget , ei the r aircraft or AQM-37 B , is  assumed  to be a i r borne
and ax a di stance such that i t i s seen sli ghtly above the horizon sky, ari d
that i t is ill umir ated by either direct sunligh t or sky li ght. In full day-
li ght, the illumi n a t i o n  is direct sunlight. In each of the other conditions
shown in tabl e I , the illumination is sky l ight.

The es’ imat ed vehicle illumination provided by the sun when the sky bri ght-
ness is 1000 ft lambert s is 8300 ft candl es 5 The other vehicle illuminations
shown in table I are estimated values based on sur fi ce i llumination when the
sk y hr iqhtr o ’ss is as shown . Illumination , C , b y an infinite source such as
the sky is expressed as:

E = B ( 5 )
- 4 —
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T A B L E  I

SKY BRIGHTNE SS

F Sky Brightness Vehi c le  I l luminat ion
(Ft Lamberts) (Ft Candl es)

F u l l  D a y l i g h t  1000 83OO~
Overcast Day 100 100

Dark Day 10 10

Twilight 1

Deep Twilight lO~

F u l l  Moon l O
_ 2

Quarter Moon

Starli ght l0 ’
~

Overcast Star l i ght lO~~

- 5 -
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T A B L E  I I

V E H I C L E  D I M E N S I O N S

Dimensions (Ft)
V e h i c l e

Fuselage Diameter Fuselage Length

MIG-25 10 69

MIG-2 l 7 44

AQM-37B 1.08 16.67

(MIG-25 wing span 40 ft; average wing width 12 ft)

- 13 -
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T A B L E  I I I

MEASURED S URFACE REFLECTANCE

Surface Ref lec tanc e 9-700

A i r c r a f t  Orang e (New Paint )  0 .34

A ir c ra f t  Wh i te (New Pa in t )  0. 87

A ircraft White (Old Paint) 0.83

A ircraft Grey (New Paint) 0.45
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where B i~ the source luminance. If E is expres’;ed in ft c an dles , B is in ft
1a m he rt s,~ The ill um inations for sondit ions lesS than tw i l ight  are negl i g i ble ,
a nd will be discussed later.

S O L U T I O N S

T~ b 1e IV snows the calculated target areas , contrasts and detection dis-
tances for the three vehicles being evaluated at two meteoro logical ranges.
The contrast values for the AQM-37 8 include an enhancement factor of 1 .5 to
allow for th e color contrast effects in enhancing the target. The problem
of color co ntrast in the detection of distant targets is s till being evaluated
and the enhancement factor  used here may require adjustment .  The va lue  u sed
is c o n s e r v a t i v e .

In using the nomograrns , the scales of meteorolog ical range and l ir n in a l
target distance may be multiplied by any factor to evaluate conditions not
shown in the fi gures. The value assigned to the target area must be multi-
pl ied by the square of the factor. Conversel y, the target area may be multi-
p li ed by any factor to ev aluate targets of areas other than those shown . ~n
that case , the meteorological range and limina l target distance scales must
be multipl i ed by the square root of the factor .’ The discrepancies between
areas shown and actual target areas are small in columns 1 , 2 , 3 and 5 of
table IV , and no area adjustments have been made. In columns 4 and 6 area
ad justments were made in using the nomographs to provide more accurate
d is tanc e est imates.  As seen in table I V , the predicted detection dista nces
fo r the AQM-37B target in both the head-on and side aspects are considerabl y
shorter than those for either of the aircraft. The nomograms were the n used

~o determine the contrast required to provide detection distances for the
AQM -37B comparable to the aircraft detection distances. A straight edge was
p laced at 20,000 yd on the meteorlogical range scale and p ivoted until the
a ppropriate curve was Intersected at the desired distance. The con tr ast  w as
then read from the contrast scale. The values obtai ned are shown in table V .
Two things must be noted in tabl e V. The fi r- ,t, that no contrast values are
shown for the full dayl ight condition. The reason for that is that the maxi-
mum distance at which a target of the size of the AQM-37B can be seen in a
20 ,000 yd meteorological range atmosphere is 11 - 55 than the detection distance
for the aircraft regardless of the con t ras t  v a l u e .  The second thing to be
noted is that a positive contrast value ind i c i tes that the ob ject is bri ghte r
than the background while a negative value indicates that the object is duller
than the background . The greatest negative contrast value is -1.0. The
positive values are not limited . In the other light con -l itions the contr 1t
values indicated to enhance the detectability of the AQM -37B are from +?.F
to f8.5. To achieve a positive valu e of 8.5 as indicated for a dark day, a
li ght of 95 ft lamberts brightness would be required . TI) ach ieve a +8.0
co ntrast on (in overcast day, a ligh t of 900 ft. lam berts would be required .
The li gh t intensititles required to 5tchieve the Indicated cont ras ts  are shown
in table V I . The detection distance - with th ’ light sources shown in tabl e V I
we re those es t ima ted  from the nomogr im for thIl 1 sq ft target  s i ze  for the
four dayl i ght conditions. The results of those estimations are shown in
ibl e V II fo~ the 20,000 yd meteorol 9 i cal range and in tahl e V I I I to, t fe

I,~~~ Q() yci meteorological range. It Is i n t e res t i n g  to note in tables VI I and
VII I  tha ’ th e li ght sources rather than enhanl m g the dete t ion di s tan c e i n

full dayli g ht , actuall y Interfere with detection . The detection b oth with and
w i t h o u t  t he light source In f u l l  day light is based , among other things , on

- 15 -
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T A B L E  V

CONTRAST REQUIRED TO MAKE AQM-37B DETECTION
EQUAL TO AIRCRAFT DETECTION

(Greatest Contrast Required for 20,000 yd
Meteorological Range)

MIG-25 M IG-2 l

Head-on Side View Head-on Side V iew

Daylight — — -  - — —  — — —

Overcast  Day +8.0 +4.2 +4.0 +2.8

Dark Day +8.5 +4.2 ÷4.5 +2.8

Twilight +8.5 +4.2 +3.0 +2.8

- 17 —
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T A B L E  V I

LI GHT INTENSITIES (FT LAMBERTS) REQUIRED TO

ACHIEVE INDICATED CONTRASTS

Condition Contrast

8.0 8.5 4.5 4.2 4.0 3.0 2.8

Overcast Day 900 950 550 520 500 400 380

Dark Day 90 95 55 52 50 40 38

TwilIght 9 9.5 5.5 5.2 5.0 4.0 3.8

- 18 -



NAOC-771 02-40

T A B L E  V I I

AQM-37B DETECTION DISTANCES (YD) FOR VARIOUS

LIGHT SOURCE ENHANCERS (HEAD-ON )

~Meteorol ogical Range - 20,000 yd)

Day C o n d i t i o n
Light Source

(f t L) Ful l Dayl ight44 - Overcas t  Dark Day Twi l i ght

950 425 4200 >1 0000 >1 0000
900 620 4000 ‘ ‘I
550 1 300 3800 ‘V
520 1 400 3200 ‘V ‘V
500 >1400 3100 ‘V
400 1 550 2800 ‘V CI
380 1600 27 00 ‘V

95 ‘1 900 3504- 3600
90 1900 6004- 3500 ‘V

55 >1900 1100 * 2800
5? ‘V 1100* 2700 ‘V

50 11 3Q* 2600 0

40 ‘V 1200k 2400
38 ‘V >1200* 2300 ‘V

9.5 ‘V 1700* 4QQ* 2800
9.0 ‘V >170~i~ 500k 2700
5.5 ‘V > l7O 0~ 1 0004- 2100
5.2 ‘V >1700* 1 000* 2050
5.0 ‘V 1750* >1 0004- 2000
4.0 ‘V ,175 C* 1100 4- >1800
3.8 ‘V 1 8004- l20O~ 1 800

*Neqat ive Contra 1t

**No sun reflection included . Al l negative contrast.

- 19
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T A B L E  V I I I

AQM-37B DETECTION DISTANCES (YD) FOR VARIOUS

LIGHT SOURCE EN- IANCERS (HEAD-ON )

(Meteorological Range - 5,000 yd)

L ight Source Day C o n d i t i o n
( f t  L )

Full Daylight Overcast Dark Day Twili ght

50 ~0O 2400 >cooo >5000
900 550 2350 ~> II

5 50 0~)0 2000 II II

l0’fl 1975 ‘V
1 040 1960 II II

400 l0~ O 1800 ‘V II
1 ~‘9() 1775 ‘V ‘V

1 t) 350k 2?~~~ C,

>11 So 5004- 21 -1 ( )  ‘V

55 11 1 q~~* 1 0 )0
52 >fl75 >950* 1750

>1 1 ‘~ 9754- -> 1700
11 -

~~ 1020* 1 ht ) f l
38 11 )1i 103 0* 15 50 IC

9. 1 1 ~ 1100* ~)* 1800
M OO4- 4004- l7~ fl
1110* 800* l’~ -~

5 .? ‘V > 111 0* >0)04- l ’~1O
>1 1104- 0~’0* 1400

CI II 
~~ 0* 1 300

3. ‘V II 900* 1 250

I ’ i ’/ ’ ‘)flt i’,t
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negative contrast. The li ght source reduces the negative contrast , and thus ,
rather than enhancing the detectability of the target , re d uces it. The same
situ ation is true of the other day conditions also. The li ght sources enhance
detect ion if the contrast is positive. From the point at which the contrast
becomes negat ive , the light source reduces detectab ility.

The results in table V II suggest that a li ght source ot 950 ft 1au~be~ ts
will provide detectability equal to or greater than that of an aircraft in all
but the full day l ight condition on a clear day. On a less clear day, 5000 yd
meteorolog ical range , the enhancement provides detectability equal to or better
than the head—o n aspect of the aircraft , and sli ghtly poorer than the side
as pect of the aircraft. A different solution is required for the dayl i ght
condition .

ALTERNATIVES FOR DAYLIGHT DETECTABILITY ENHANCEMENT

The o n l y  o p t i o n s  for e n h a n c i n g  day l i ght detectabili ty which hold m y  promise
of achieving the desired result involve placing an intense light source on the
ta rget in question. If a scheme could be worked out to take advantage of the
nat ural conditi ons in adding li ght to the target , the desired result coul d be
achieved without significantly increasing the size and weight of the target.
One possible scheme for achieving that end is to make the front section , or
nose, of the target a specular reflector or mirror. The sun reflecting off the
sloped mirror then serves as the source which should render the target visible
far beyond the point at which the actual size of the target is too small to be
resolved .

The other alternative is to build an intense light into the target. I~

l ight source of between 200,000 and 300,000 ft lamberts , or candlepower , wuil d
ac complish the same effect as the specular reflector for daylight conditions.
Determination of the adequacy of the alternatives required experimental evalua-
tion.

LOW-LIGHT LEVEL DETECTION

To detect  a target In ambient conditions which would produce sky b r i ]hu I ’s
less than 1 ft lambert , it is necessary that the target be luminous. A l i iht
source adequate to render the target detectable in the conditions listed in
table VI would make the target detectabl e at great distances . Even the 4.C r t
lambert source would be detectabl e at great distances under low ambient li q h t
conditions.

R E C O M M E N D A T I O N S

The preceding analyses indicate that a moderate l i ght of proper d~s ijr c’r
ach ieve the desired tdrget de tectab i l i t y .  The bright dayt ime de t e c t a b i l i t )  is
somewhat more quest ionable .  If it is feasible to include a specular refle~ tor
In the design of the AQM-37B target , further evaluation of that altern d t i ’.- ’ .’
should be carried out. If the evaluation supports the prel iminary assu inpt in n s ,
the detection enhancement scheme should Include the specular reflec to r .ir’d a
mod erately Intense light source of perhaps 100 ,000 to 500 ,000 candle p o~ I’r

- 21 -
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The above recommendations are d i rected at eri~ anc i rg targe t detectability.
If enhanced target ident iflcaticn is ~-equ red , a more complicated scheme is
nece ssary .

T he ana l yses reported in this paper reu~esent an extensio r of the classical
data  to a spec i f i c , practical s~ tuat io n , ~~ ~~~~~~~~~~ r ched ro~ drd i~ig
the v isibility of the spec ific targets should be evd luated in a f1I ~l i . ryoe
eval uation in which actual measurements are made to determine how accurately
the detection distances have been predicted . The next log ical step to follow
the prediction validation would be to mock -up and assess the various ~l~.erna-
t ives for light enhanceme it of the target detectability . Tha t  a s s e s s m e n t  s h o u l d
include both an integral l ight assessment and the use of reflectors in several
conf igurations to enhance target detectability.
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