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The Arm y has long ~‘een aware o~ t~~e cr i t i c a l  imp or t ance  ob surveil-
lance activity in m a x i - i i zj n ~ 1 . tt t l e f t e l d  e f f e c t i v e n e s s .  A,i a con senue n ce ,
considerable e tf ’ r t has been dire cted toward developing a wide varie ty
of surveillance systems . Surveillance system effectiveness is not slmrlv
a function of hardware component characteristic s , but rather depends heavily
on th. performance of t h e  human co-~ponent. Thug , determination of ~tirtan
performance characterist1~. s is ne~e’.sarv to adequately evaluate overall
systems performance levels as well as to Identif y causal factors which
contribute to suhopti-~al performance.

The Army Research Institute f o r  the Rehavioral and Social Sciences
(ART) has trad itionall y had a con4i~ t~rahle interest in the evaluation of
surveillance systems per rranc e ~~d has been particularl y concern~d with
the performance of the hu—..u•~ component under reali st ic operational cond i-
tions. In all surveillance systems the human component receives ln fn rra—
n o n  about the t~tct1: .~i environment in either visual or auditor y forr~,
and most systems rely heavil y on the ~ server ’s visual ~rocesses. For
this reason the Army has recently been concerned wtt~’ identl’vlng and
quantifying mal ’r variables af f ecting visual target detection performance
of observers !‘trec lv viewing a tactical scene (or remotely viewin g a
scene via a disp lav).1Effects o~ several major variables have been
investigated (includ i ng observer-target range, ~un-target—ohcerver angle ,
angular target velocit y , background complexity , and ambient illuminattnn
level) and som e quantitati ve relations have been estahlishe~ .

In cases where such relations have been estahlish.d , data can !‘f’
provided for c omputer  simulation models of visual target acqui sition
processes . Recause the usefulness of computer models 1epend~ heavil y
on the completeness and a curacv ~f t h e  parameters and weights enmioved ,
quantification of detection-related variab les can contribute substantially
to the Army ’s abilit y to predict accurately the combat effectiveness of
surveillance activitie s .

One variable currently thought to play a central role in visual target
acquisition processes is target—background brightness contrast. Whfle
various contrast effects have been explored in considerable detail In
laboratory settings , few attempts have been made to evaluate the Impact
of brightness contrast on target acquisition in realistic tactical situa-
tion.. Before this can be done, however , it Is necessary to develop a
system which yields valid and stable contrast measures in field contexts.
Since th. perception of target—background contrast is not determined solely
by luminance differences between target and background , It is necessarY to
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e~~r’tne othe r 
t .t~ :or~. w h i c h  corrnlexlv dete r~iin.’ per~ eiv. d cci:: . t s t  .

p u r p o se  o~ t h i s  r~tn .tur~ is t o  ~~~~~ ‘.~~~“..• • a ct o r .. w h t ’ !~av play j—~ ;’r —

t a n t  r . ’les  in t he  perce~~!io :~ •in~i , ‘ s t t — ~tt Ion ,f t a r~ e t — h .i:~~ground c~~~~ra~.r
.iid to p r e s en t  some i i~~1narv  ~~~~ a r :~ in g  c n n  •~~t meaMur, —~- ’: ;s i:i.’

e lep ho:~~~et e r s .

FAr ~ I ‘. ~~‘ I R~I I ~~~‘) C(~’:TRAcT

L~~~ T ’; ,\’.CF VS. BRICBTNFSS C(~~’~kAST

It is importan t to .bisti ~ .’ .~~sh h e n v e e n  “luminance c ’rttrast ” and
“b r i g ’it n e s s  c o n t r ast . ” h.’ ‘~~r~ er t e r~ is  used here to describe t” e deer e
to ‘..‘h i ch two adjacent regions . :  t h e  ret ina are ~if te rentlv ill ~~ ::~.ited:

~‘rightness contras t , on the c~:her hand , ~e~ re:,ents t h e  suh ’ect ive 1I~ rnsi~~
of luminance c on t r a s t  and .‘..‘rLbes t h e  per~eived , or a : ’r . t t en t , c . ’t r a s t
Whi le  Lc~inance can he object ivelv •-.•asure l using various Inst ~~~~~~~~~~~ at ‘on
sy s tems , b r i g h t n e s s  mu ’.: he ~e :er— .1 ned via subjective 4 ud vments o’ i~ -inance
‘i~c’:itudes. Alt hough brightne ss cont :ast i.s more relevant to the rur get
detection prohien than lumtit .e ’ . e  c~’n t r a s t , the former I.. .in elus ’ve ‘hem’ ’-
enon an .~ d I f f  cult to ~~~~~~ . I t  has “een c:u~.gested , theref ri ’ , t s t
l:’~’1nance Contrast he emr~l,~ve

..’ a; .in Index o~ b r i g h t n e s s  ~o nt r a s t .

This approach has two malor  potential advantages : (1) measurements
can he made via  c u r r e n t  lv availabl e in t r inent a tl on systems : (l~ l urluau es
can he deterxtued obi ec ti velv (and ~h ; ’ . , ~r t ’. .unahlev , a re  p r e c i s e  and
reliab le——a point to he d 1scu..s.~

t ‘~e l ow) ;‘~ ‘: i a t ing  t lrtc—con surin r , •‘x~ .naive .
and complex sub ~. tivc- rr.. ;’’nse evaluat: .’n procedures.

Unforn~ nati .lv , th.’ri ’ are also dra~~ ack~. : brightness is deter - inc ’~ ~~
f .~~:or s other t h .~n 5 ! ’ S i l i ,  l uminance values , incl uding overall ambient
il~~;-inat ion le’:el , .‘lare . angular targe t size , and retinal location ~ ~he
:i r.~.’t image . t rc,~ :er , t .irce: and ‘~.ckcnro und hrlghtnesses are t~artia]lv
det.~rrtined by their st’ectral com~ c’.~ tion . That Is , light of di!~ ererr ~.‘s’..
lengths and ecual intensit y Wil l a~~ear to dt’fer in brightness . The..,’

~~ctors whi ch may l.’ad to differenc es between luminance and hrightnecs
.~ ntrasts are disc’iss .’~ below .

r~ I L L 1 M I N A T I f l~

The overa l l  leve l o~ i l lu m i n a t i o n  is a critical determinant of ‘rlc ’ t—
ness contra st. Under most circumstances , targe t and background reflectan ”..
are constan t under varying illuminatiOn conditions . Thus, the target—
background luminance ratio (luminance Contrast), ,.L/L , vii]  he i n v a ri a n t
regardless of ill ,ir~inatton level. Brightness contrast , on the other hand .
under low illumination is a direct function of Illumination level. It  Is
a common experience when reading in the evening to switch on a light when
the  brightness contrast between the print and page is sufficient lv reduced
to make reading dif ficult.
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In general , brightness discrimination thresholds lecrease vit h increa —
ing re t ina l  i l l u m i n a t i o n  levels . That is , considering only low to ro’~eratelevels , the greater the ambient ~li.u’ t nat.ion , the smaller the ma~ nlt ude at
—inimum p e rcep t ib l e  d i f f e r e n c e s  in luninan ce  between s t i m u l i .  iameson and
i ;rvich have found a similar r e l a t i o n  between brig htness contrast at hit’her
i l l u m i n a ti o n  levels: b r i g h t n ess  con t r a s t  increases w i t h  i n c r e a s i ng  i l l u r t —
nation. ’ There is little doubt that uncorrected luminance contrast does
not accurately reflect brightne ss contrast at low Illumination level .
Luminance contrast data may he mathematically corrected , however , to h..

more representative of brightness contrast under these conditions. This
procedure is a prerequi site to T i cu ra tel v estimating the influance a’
tar get—background brightness contrast on visual target detection during
dawn and dusk illumination periods.

GLARE

t ’nde r  c o n d it f o n s  c t  high ar bient Illumination another factor which
at fect , brightness contrast hut not luminance contrast becomes i-t’ort~ :r.
Glare has long been recognized as a malor determinan t of brichtness .‘ cntrast .
The term “glare” is used here in a broad sense including the e’’ects
any strong source of illumination (other than the target) and r.~ r.tctive
atmospheric effect.. It is not surprisin g that the closer the glare source
to the target or the more intense the source , the poorer will be the discrim-
ination batween luminance. (th. lower will be the brightness contrast). “he
importance of glare effects is easily appreciated by cons ide r ing  a d e t e c t i o n
problem in which t a r g e t s  are presented  w i t h i n  a few degrees o~ the setting
sun . t’nder this condition brightness contrast would probahlv deviate
substantially Iron luminance contr5st. The potential sources of glare
are numerous and include bright portions of the terrain , sun , hazy
atnosph.ric condi ions, and under  some circumstances , artificial i ll u—ina ti ’ : .
Clearly , the analysis of glare effects in field contexts is a comp lex a f ’ i tr
since there are many p o t e n t i a l  tv~es of glare sources , several of which may
he present in diffe rent magnitudes , at different angular distances ‘tort the
targe t , in a given situation . “ndor even moderate glare conditions , i t is
l i k e ly  that luminance con t rast  would not he an accurate index of brightness
contra st.

Jameson , D. and Hurvich , 1. ‘1. Complexit ies of perceived br ig htness .
Science, 1961 , 133 , 174—179.

Heinenan , F. C.. Simultaneous hrightn.sc induction . In Jaswson, U. and
Hurvich , L. M. (Ed..), Handbook of Sensory Physiology VIT/pt.4: Visual
P~ychophvsics. New York : Springer—Verlag, 1472.
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~~~~~~~ TARG ET S IZE

Angular t arge t size also has an e t f e c t  on b r igh tness  contrast. “ni e r
.~ v a r i e ty  of conditions the v i sua l  system has i t .  peak sensitivit y at
intermediate spat ial frequenc ies (angul ar sizes of jight—dar k alternation)
: about S cycles/degree With decreased sensitivity at eithe r higher or

lower :requenciea. Sensitivit y to brightness differences declines more
trad’iaUv at low snattal frequencies than at high frecuencies , where contrast
t a c r o r s  in t e r a c t  heav i ly  w i t h  v isual  a c u i ty .  As suming  that sensitivit y to

~ r ightnsaa  c o n t r a s t  begins to fall off rapidl y at about 0 .2 cvclefminute 01
arc , and that a t a r Re t is about 35 cm wide , br ightness contrast should
decrease sharply at ranges greater than •~2~ meters even though l u’iinance
contrast would remain unaffected by angular target size. This r~~fec t  ~ro~’ab lv
b e o t ~es practicall y important when tar gets  subtend lea. than about 2 t’lnutes

arc at t h e  ohser ver ’s position . That is , a target less than ~~ c’ In
size presented at ~0O m e t e r s  w i l l  appear to  have su b s t a n t i a l ly  less  con t r a s t
than w ill he indicated ~~ the luminance contrast index. Thus , l ininance
indices should be corrected to co~~ensate for this eH’ect when targets of
small angular ~tze are employed .

R~T T’ A1 . LOCATION OP TARGET 1~tM’.E

W h i l e  the target image will he foveallv prolected (I.e., proiceted
on dense central part of the retina) during recognition , identification ,
and location phase. of the t a rge t  acquisition process , the Image Will often
he prolected on the retinal periphery during th. first instan t of detection .
Because of this , peripheral rather than foveal brightness contrast may he
closely related to the prob.”il itv of target detection . The sensitivity
to brightness differ .nce for targets of small to moderate angular sire is
a fin t ion of visual acuity , which Is considerahly poorer in the periphery
that the fovea due to  the relativel y low density of perinheral retinal
receptors.5’ Thus, for targets subtend ing  small to moderate visua l arcs ,
peri~ hera1 brightness contrast is sub stantiall y lover than foveal contrast ,
and only remotely related to luminance con t rast. Tm addition , It should he
noted that peripheral and f oveal brightness contrast percentions Interact
differentially wi th illumination level , since peripheral receptors are more

Campbell , P. W. and Cuhish , R. W. Optical quality of the human eve.
Journal of Ph~ slology (London) , 1456, 1R6 , 55R-S7~ .

Shade , 0. H. Optical and photoelectric analog of th e eve . Journal of
the Optical Society of America1 1956, 46, 721—7~

Q .

Osterherg, C. H. Topography of the layer of rod. and cones in the huma n
r e t i n a .  ActaJ)pthalmo l~~~~, Supplement IV , lO~35.

Jones , I.. A. and Higgins , C. C. Photographer granularity and graininess ,
III. Some characteristics of the visual system of importance in the
evaluation of graininess and granularity. Journal of the Optical Society
of Aaerics~ 1947 , 37 , 21 7—263.
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sensitive than foveal receptors and also have different spectral sensitiv-
i t”  characteristics. ’ These factors will undoubtedly complicate the analysis
of the eu f e c t .  of retinal target image location on the detection process.

SPECTRJJ . CU.AMCTERISTICS

The re la t ive  b r igh tnes s  of tsrge t and background are partially denen—
dent on the i r  spectral (color)  compositions.  For example , i f t a rg e t  images
of equal luminance. are prolected on the fov.a, a grean ta rge t  w i l l  anpear
hri~ hter than a blue target under photopic condi tions .  The fovea has a
maxirturt efficiency at wavelengths around 550 nm (yellow-green) and decreasing
e f i ciencv at both longer (red) and shor ter  (blue ) wavelengths wi th  the
result that , given equal luminance targets , a yellow-green target will
generall y appear brightest. ’ Th i s , lu r t in ance  contras t  may tend to either
under- or over—estimate brightness contrast depending on the relative spectral
cor~positions and luminance. of th. target and background . For example ,
assume that a yellow-green targe t reflecting light centered at about a
550 nr wavelength is presented against a yellow fisld reflecting light
centered at about i’”’)O nm. Recalling that photopic (foveal) efficiency is
greatest at 550 on, l u-’inance contrast would tend to overestimate brightness
contrast if the background luminance was substantially greater than the
target lurt i nance. Conversely , lum i nance contrast would tend to underestimate
brightness contrast If the target and background described above were of
‘inilar l-.ut~inan ce. In addition , visual system spectral response character-
isti cs interact w i t h  illumination level: the  visual peak sensitivity

han ge~ from about 550 nrt to almost SflO on as i l l umina t ion  decreases fro~i
phot~ p fc to very l~ v (scotopic) illumination levels.

EXPLORATORY TESTS

~~~side red separa te ly ,  each of these visusi system e f f e c t s  has an
I n f l u e n c e  on the perception of b r igh tness  con t ras t .  Taken togethe r , they
pr~ h at l.: con t r ibu te  h eavi ly  to divergence between luminance and brightness
con t r a s t s .  The po in t  is e s s e n t i a l l y  a pract ical one and depends on the
required e s t i m a t i o n  acctiracv. I t  may be feasible to use luminance contrast
to classify brightness contrast. into categories of , for example , high ,
med ium , and low.

Several methods can potentiall y be usid to measure luminance contrast ,
including photographic , photometric , and video techniques . The use of

- 

Jright , ~~. U. The Measurement of Colour. New York : MacMillian , 1Q’3R.

Graham , C. H. Discriminations that depend on wavelength. In Crah am , C. H.
(Ed.) Vision and Visual Perception, 1965, 350—369.
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photometers showed some promise in this regard a. these i n s t r um en t s  are
coi~~onlv used in laboratory situation s to measure luminance cha,act.rlstics
of stt ~~ li. Moreover , photometers :ield t imely , on—line measures of
luminance while the other method s do not . Whether ~‘r not photometers  could
he used effectivel y in a field situation is a question which has ~~~~ t

previously been adequately explored . In order to evaluate t~ e degree t~~
which luminance contrast approximates brightness contrast and to assess
measurement reliability, a measurement system e-~ploying telephotoineters
was tested by the It .S. Army Combat Developments Experimentation Co~~tand
(VSACDFC)’ and ARt . the goal of these exploratory tests was to provide

~
‘heet case ” data on the measurement system in a realistic field situation.
To this end , univ newly laboratory—calibrated photometer . were used ,
performance of device o p e r a t o r s  was closely monitored , and only very
high and very low target—backgroun#4 brightness contrast situation s
were used .

~W THOU

Instrumentation. Three Canine Model 2000 teiephotov’~eters ’° wIth
suppor t  equipment were set up on a ~~~~~ site , so that photometers were
as close to one another as po~isihl e. These In struments were capable o’
measuring luminances of areas ~“ the following angular disr’.ters: ‘‘ , f ’ ’ ,

2~
’ , l , and 10 .

Two pho tome ter operators were assigned to each instrument . flne
‘~ierato r was p r i mar i l y  responsible fo r  a iming  the  inst rument , the  o ther
for reading the ’ lumInance values indicated by the meter , making appr~~irt—
ate scale adjustments , and caiihratii~’ the instrument.

fle._~~~~and_ Procerjureq. T,sts were designed to alternately maximize
and -~injt~i7e s u hj e ~~t I v e l v  I~~~~ d t a r g e t—back ground  c o n t r a s t .  Two r~i l 1t a r v
offL ers and one civilian scientist agreed upon inc high and one low
contrast target location at a near range (approximately 2(V) meters), and
at a mid-range (anproximatelv 70(3 meters). loth low -contrast personn..l

I’SAcDEC had been tasked to provide data on the effects of apparent target—
background contrast on target detection as a portion of the A rmy Small
Arms Requirements Study (ASARS) . AR ! provtded scientific support for
ASARS Ii , Phase I I , and because of a long—stand ing intere st in target
acquisition processes , became heavily involved in the evaluation of
photometric indices of brightness cont ras t .  (See : Army Small Arm s
Requirement Stud y 11 , Experiment ?COOBA , Final Report , Phase TI , P •s •  Army

Combat Developments Experimentation Coimsand, Por t Ord , CalIfornia 91961,
February 1975.)

“Cotmeercial designations are used only for precision in describing the
tests. Pie does not constitute endorsement by the Arm y or by the US

Arm y Research I n s t i t u t e  for  the Rahisvioral and Social Sciences.
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targets were plac ’d against backgrounds of very dense vegeta t ion  se t hat
target and background had similar brightness. Conversely , high-cor.t:ast
‘~ersonnel target s were olaced In open f ields such that target and back—
gr oun d  b r i g h t n e s s  were as difrerent as possible. Thus , two “i~~al ’ con-
trast situations (one high and one low) were established at  t.ach ~‘ I two
ranges.  Targe t pe r sonne l  were p l aced  at s im i l a r  distances ~r i ~ the
observation post at each range . Near—range tests were :~erfur— t~i in t o .

o rn in g  hours  (09(30—1200) and ~ id—rgnge tests during the att~~rn.c~ n i 30()—i5o~ri
Tar~e.t personnel were initiall y positioned in the near range , hig ’

contr ast location Urectlv facing the observation post and were direct~~dto stand at attent ion until the completion of a measurement . ~‘hotor~ t~~roperators then aimed their instruments at the targe t ’s r~1d—chest using
a 2’ aperture and indicated when they had the target proper l y s i gh t e d .
After all three operators indicated thev were ready , the coninand “marY’
was given and the second operator recorded the luminance value . F o l l o w in g
the  measurements of targe t luminance , operators switched to a 1’ aperture
and , using the game aining point , measured the background ltrtlnance using
the same procedure. Thus, lz-tnance s from all three photometers were
record ed simultaneously.

The target then moved to the low—contrast location and stood
.~~t attention . Photometer operators repeated the procedures outlined
above. Throughout the testIng , targets al ternated between high and low
contrast  s i t ua t ions . Because the targe t changed positions following each
t a rget-background pai r  of measurement s , it was necessary for  the photometer
operators to re—aim their instruments for each pair of measurements. Thus ,
he test was sens i t ive  to  t e lephot om et e r— aimthg—er ro r  v a r i a b i l i ty  as

as e rror  due to inst rument  i n s t a b i lit y ,  ta rge t and background (v,.i~i~t atton)
movemen t , meter reading error , and various complex in t e rac t ions  of these

~t~tors.

Following completion of the test at the near range , tests were
conducted at the mid—range using the same procedures except that a smaller

•~p.’r:ure (2~”) was used for measurement of background luminance in order
to exclude extraneous background and foreground material.

Phvto r~eters were recalibrated (internal calibration) at intervals
no longer than V) minutes.

RES ULTS AND D I SCI . SSIO’

Twenty-seven low— and 27 high—contrast pairs of measurements were
made in the near ran ge, and 24 low— and 24 high—contrast pairs in the
mid-range . (The smaller number of measurements at th. mid-range was
due to a m a l f u n c t i o n  of one telephotometer.)  The tar get—background

~
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l uminance contrast was calculated from the measured target and background
luminances using the tormula:

C
L
s
~~~~~

_ L.,

where — the larger  l~ t- inance value

- the smaller luminance value

C
L the target-background luminance contrast.

:h u s , indices could theoretically range t r o m  U (low contrast) to I
(high contrast).

Figure 1 shows frequency distributions of contrast indices based
on target and background lumin*nce measurements at the near range.
Distributions of contrast ind i ces for extreme high and low contrast
targets are clearly distinguishab le. All low brightness contrast targets
yielded contras t ind i ces helow fl .35 (x — .18); all but three high brightness
contrast indices fell higher than 0. 35 (x — .48). These data indicate that
telephotometrically derived luminance contrast indices can he used to
validl y and reliably discriminate between very high and low brightness
contrast at a relatively short range . Single measures of luminance contrast ,
however , would undou~’ted 1v not accurately reflect intermediate levels of
brightness c~’nrrast since the  d i s t r ibu t ions of luminance contrast associated
with extreme high and low brightness contrast targ ets overlap.

If the distribution statistics of luminance contrasts associated with
intermediate brightness—contrast situations were determined , statisti cal
—~ thods (e.g., discriminative analysis) may he employed to categorize
-~edium brightness contrast targets bassd upon luminance contrasts. Even
finer discrimination is possible , though not necessarily practical , due
to the large number of luminance measurements necessary to estimate
dts trt~’utton statistics.

Al though measures of luminance contrast permit discrimination between
h i g h  and low b r ig htness contrast targets , the luminance contrast ( .48)
tends to  considerabl y underestimate brightness contrast for high brightness
contrast situations. It was initially expected that if lum inanc, contrast
approximated brightness contrast , luminance contrast fo r high contrast
target. should be at least greater than O.f .u It may be that “bright

u.S. Army Combat Developments Experimentation Comeand, Army Small Arms
Requirements Stu4y II, Project Analysts . Port Ord , California 93941.
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spots ’ on the target in~ 1ated target u ,’inance measurem r t . and wrre thus
i~~: ,tei v responsible t~~~~ the !,~restlr~ate o~ brightne ss t rt ra st derived
!~~om l~ r-.lnan~ e eaaurenenrs. Ad’~~stmenr i o r  d i f f e r e nces in tIfl e ~~

. tr.i1
cory ’osi tion of target arid f’ackgr.~ .~H luminance , were mad. s~ng .‘~ inter .*
(p ho top ic) t~~l t e r .  Thu. , sr e- ’. r a l  eHsct . we re ;~ro~ .i ’l v mInimal .

F~ gura 2 presents frequency distrP-~ t ions ot  luminance c n t : * . : s  at
~he~ id—range (appr. ’xi .~~telv 700 meters). Score. ‘ver lap to .~ :a :ge ~~ ‘~~t . •~~~:;

t h e  ~~ Ibut ions of - nt  ra st indices for high and ‘r low r I  i~~~ t

ness contrast target s are nearl y indtstingui.hahl .. ~e1ep ta~~m e t s u r e s  ~~ t .iPparent target- ” ackgr~~n~i contrast clearly must 1. consi  . r —
.i~-1v r e f i ned i ~hev are to f e  ~‘t value tor targets o ~.

— it~~~l .*ngular a t : i
. i t  — o~~e : i t e  or ong ran~ es .

It a prohah~t. that t’ e highl y var ta i l e target-hack~tr~ ond l — ~~ .i . e
cont ras t at the m id—range Is Joe to  t h e  inabilit y ~ - !  ;‘f ’tu n et er s ’pc: - t : - ~~s
~o a im t h e I r  s t r u n e : t s  accu ra te~ v . If  t h i s  is the ~ase , tar~vt ~un i : .i n e
measure—ent s vi 1 be cont anin*ted ~-‘y ‘a~ ~ grcj rt  I l~~~tn.an~ e. Thus • ta rg et
.in I ‘-a~~ gr ounJ 1 umjnanc , s sh u l d  he more sin i  lar  at h& ’ ~~i c i — r ~t~~’ t~

:‘ e near  i~~ge. Fur cher , this d t erence 5~~o ~ld h~ most ‘vi -lent or
high contrast tar g ets. The results ind 1~ st. that target .in~i ha ~~ rcund

o t  h i g h  con t ra st  t a rge ts  were s i g n i f i c a n t l y  ~ e ~in1l.r .~
the -~t I—range than ~ t t h e  near range (t — ~.55 , p . °1) .  The 1.i~ k ol *
signl’icant Jifference between near and mid—range  l un i r i ance  me a su re s  f o r
low contrast targe ts ~as p r o ’-a ” l v due to t o e  s1 ’llarl:v - -t actual target
and ‘~ackgroonJ u~ tnanc.s at “ o t h  ranges.  These data suggest that t’ -e
.lep hot ,~ne rr tc svst — s aiming precisi on mus t he i—proved If meaningful

—4 ssurer-.erits ar e to he made at mid— or long ranges. F o r  an aperture as
as 2’ of i r -  mey f e too  larg , to permit adequately prec .ie ,il tng

o~ a telephotometer. For example , at ~~~~~~ meter., a .‘ minute aperture
rec~’jveg light rom a circle about 30 cm in diameter. As sumin g .‘ ches t
vil:h of a personnel t a r g e t  to he about 15 (approximately . 14 in.) the
nax1—o- ~ per t5si~’1e aim ing error without background luminance cont4L—lnation
is less t h an  15 second s of arc.

The use f conventional tripod pan head. may al.o be a r-oi f~~r source of
tlnIng error. ~‘irin g testing, it was observed that operators had d i f f i c u l t y
a l i g n i n g  t h e i r  ins t ruments  wi th the targets. A vernier (fine .i~’i 1istm en t~
. ontrol would have been of considerable help in this regard .

As Fi gu ree 1 and 2 indicate , the reliability of photometrIc contrast
irli ces was poor at both near and mid-range.. While In s t rumen t/ope ra to r
aiming errors are probably responsible fo r  some of the unreliability , non-
u n i f o r m i t y  of target luminance also probabl y accounts for a substantiel
proportion of the poor reliabilit y . Since any personnel target was not
of uniform reflectance , successiv• measures probably sampled somewhat
different portions of the target luminance . This is consistent with the
results, which yielde d a poorer intra— cla ss reliabilit y coefficient for
target luninance (.06) than for background luminance (.62) at the near
range .
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During the cours, o f  the test., several question . aros. regarding the
specification of measurement parameters. Ideall y , the. size and shape of
the area for which the luminance is to he r~.asured should 1’e chosen t~~ ’

parallel importan t parameters of tic visual system . Th us , f o r  examp le ,
background luminance measures migh t more closely parallel visual system
f u n c t ion if the area measured were roughly circular and about the same
angular diameter as the central fovea . In any case , th . d e t er m i n a t i o n  of
‘tttm a l measurement parameters is an Issue which requires  f u r t ~~er stutiv
and is a minimum prere qui site to precise photom etric estl-ia t Ion “ target—
background brightness contrast. In addition , the measurement parameter s
specified must be within th. operationa l constraint s of the photom et r ic
Lnstrum.nt . For example , the  Gaeruc Model 200(1 telephotometers ~sed in t’ €.
pres ent  t e a t  were only  capal l. of measuring luminance s 1 c i r c ul a r  areas
and of a l imited number of angular diame ters. This may prcve a malor
dI~~~i cu l tv  in ach ieving adequate operat ional con t rol “I  measurement
parameters.

The result, of the pilot tests ind icate that mea surement r e l I a ~~1l i t y
is a se t i o o ,  proh l .t ’. I n  •l.l d situations . T’nless reliability can b~
g r e a t l y  improved , the usefulness ~.‘t  te le p ho tome tr i c luminan ce data see-
1 t ’~ ted .

‘~ot  only was measurement  r e l i a b i l i t y  poor , hut  th. f a i l u r e  rate O
the  I n s t r u m e n t  was h igh . I t  should be noted that In the current state

‘leoelopmant , telepho tomst eri are basicall y lab orator y instruments
I e st g ne d  ~o ~e uaid in situation s where dust , moisture , and t e mpera tu re
Ire  well c o n t r o l l e : I . I f  th e se  In st r u m en t s  are  to he used in field experi-
mental situations , steps must he taken to mini iz. dust and moisture , and
to ens ure  tha t  o p•r at tn g  t.mperatur.c are w i t h i n  acceptable  limits.
‘
~the rvtee , a h i g h  rate of ins t rument  f a i l u r ,  must he an t I c i ~’ated .

coNcu’s i r~ c
1 should be stressed that the test situation was established to he

as realistic as pos sible . The sources of variabIlit y discussed hire are
almost •er tat nl v those which would be of malor practical significance in
any field situation employing t.l.photometric luminance measures to
es t imate brightness.

The purpose of chi . memorandum ha. been to note some of the factors
which may be important  in estimating target—back ground brightness contrast.
The factors mentioned are not intended to he exhaustive. ~~lv those
which were thought likely to have a maj or practical impact on hrightna.s
contrast •st imation have been discussed . Other factors (e.g., angular
targe t velocit y ) may also partially determine brightness contrast hut
nay not be of practical significance . Clearly, accurate estimation of
brightness contrast is a complex sf fair and requires considerable data in
addition to luminance values . Th. relative importance of thes. factors
should be determined in order to properly weight the luminance value i
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l tain.d In various situations . Some of  these ( i l l u m i n a t i o n  leve l , spec-
tral characteristics , and angular target size) nay be susce~~~Ihl. to  a
fairl y straightforward anal y sts , whil e t ars (glare ~~~ t etina l i c  a t  Ion)
a t e i t k e v to require a concentrated and c csnplex reseat . e’’ ort .

In any case , the reliabilit y o luminance measur ement in ‘tel d
~1tu a t t ons must !~e subst antiall y improve d I’ these me asures i r e  to  he
use f as a basi s ~or estimating hrightne~M cont rast. M~ reo.~er , the t e M t

r e s u l t s  s t r o n g ly  suggest that i f measure. are to  be “a d e  o ~ -.a I l  t a r g e t .
e .g., personnel) at moderate fo long ranges , some alterations to Improve

aiming ~i c ~~ r a cy  w i l l  b e ne~rssarv .

F i n 4 i l v , a ~ ;ninan e meas irement system capable of re lia bl y and
ac~ u rar e l v neasurtn,z lu~ in5n.eM in operational situat ions should ~e
.ieveioped . A v arie r . o t  p4 c ’p h v s i c a l  t e c ’ n iqu .s  f o r  i e t e r - l n ln g
;~er-:eived stimulu s n a g nt r u d . - . are alread y available . I f  the f—p a ct of
target~~’ack,~round ~‘r ig ’utness contrast on targe t acquis i tion is t o  he
inv e sti gated , i t  w i l l  s nece ssary ‘o determine the relati n etween
hr ghrnes. and 1-u~ inance contrast in field contexts .sn~ also o determine
ti e influence of oth er factors on t ’,~~~i r e l a t i o n . I t  is sugcested , there—
fore , that a research program ~‘e I n i t f a e i  to develop a ~.ssu r e ~ ent . r M t t ’
a~ i~’ie of rel~ a~ lv anl acc~~rateiv estimatin g target -!‘a~~ r o u n ’ h r i v tn ess

contrast.
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