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airborne tactical sctivity is carried out via direct vision, ususlly involving some type of artificial

visusl requirements for aivcraft crev memhers attempting to detact targets at nighz. Efforts by the
Asvospace Hedical Research Laboratory, Wright-Patterson Air Force Base, Ohio, have involved simulating

and {liuminatioa conditious,

sffect of shielding & 25,C00,000~lumen flare source and detsrnining the optizal number of flares to be
used for a given target area. N

12 .
Despita the advent of mpany aexotic sensors for detecting targets et night, & sfgnificant portion of

11lunination, wit' air-dropped parachuts flares. The use of flares constitutes ons of the most difficult
various illunination sources, and requiring subjects to detsct scaled~down targets under different terrain

v
Thie paper is concerned with the vesults from thres recent exparineots. Experiment I deslt with the

No statistically significant cffect wsa found due to flare shielding. For

. this experiuent, each of eight groups of five subjects performed at a different simulated observe

the given target area simulated, it appeared that theré was po additional Henefit dorived from igaiting

wore than two flarés over a siculated arca of about 1.5 kilometers by § kilowsters. JExperiment II deslt

vith shiclding of a 60,000,000-1uzen sourca,)and again, oo statistically significant’ effect was found dus
- to the flare shielding. SExpariment III dailt with the "visual acuity' undsr simulated flare Light In

ranging 4n 152-meter iucrements from 152 to 1,219 msters. For the slant rauges sinulated (1,02% to 1,567
metors), 610 metevs was the best altitude for visusl perforasnes. Like the other finiings, this could
have signtficant impact on tactical planning for night missions, Gihe persmecers ¢f this study have now
been -€4a8 and the Aercapace Medical Rescarch Laboratory, i\t conjunction with the

Atr Yorce Arvancat Labqga_t,ogy‘,\u conducting flight tests to vaiidate the zltitude data of the experimental

simulations, C Y e
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AIR-YO-CROUND TARCET ACQUISITION WITR FLARE ILLUMIKATION:
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Despite the advent of many exotic sensors for datecting targets at aight, s signilicant portion of
sirborne taccical activity is carried out vie dirsct vision, ususlly involving sose type o7 artificial
} i 21luminstion, with atr-dropped parachute flares. The use of flares constitutes cna of the most difficult
A visual requizesents for aircraft crev membevs attespting to detect targets at might. Efforts by ths
Asroepace Madical Research Laboratory, Wright-Pattersom Air Force Base, Ohio, have fovolved simlating
wsrious 1llumingtion sourzes, and requirinr subjacts to detect ecslad-~dewn targuts under different terrain .
) 4 and 11lwisscicn conditions. *

This peper is concarned with the results from three recent axperimeats. Experimsnt I dealt with the
affect of shielding a 25,000,000-1umen f1lare source and determining the Jptimal nuwber of fleres to be
used for a given target area. b statistically significant effect ves found due to flare shielding. For .
the giver target avea sinulated, it appsared that there wvas no sdditional benefit derived from {gaiting .
wore than fwo flares over & simulsted ares of shout 1.5 kilometers by 3 kiloasters. Experiment II caalr
with shielding of s 60,000,000~lumen source, sud agein, no etstistically sizeificant effect vas found due
2o the flore shielding. Experizmant IIL dealt with tha “visual acuity” under sizulated flere lighe, 1In
this experiment, sach of eight groups ot five subjects performed st s differsnt sfoulated absarver sltitude
tamging ia 152-weter increments from 152 to 1,219 maters. PFo: the slant ranges oiwulated (1,029 to 1,587
msters), 610 mezers vas the hest altituds for visuel performanca, Liks the other findings, this could
hava eignificanc tmpact on tacticsl plasning for night missions. The paramerars of this study have aow !
b Soen "blovn-up” to resl-worid size end the Aercopace Medfcal Research Lskcratory, in conjunction with the
} N Afx Yorce Arsmmeut Labo Y. is ducting flight tests to validste the alcftwde data of the sxperizental
simulsticas,

FE, M3

VIETR

TNTRODUCTION

t . Oua of the sost d1fficult visual requiremonts for aircraft crev members Lwwolves detacting targets at
aight. Despito the adveat of nwoerous sxotic sensing devicss, tha majority of might-tise serial activity
d h 1lluaination flsres. Spacific problems encountirved by crev

3 . * 48 cazried om under air-dropped, p
X seuders utilising flare {llusination include: rastricted fields of viev, visual discrimiuation at lov

. levels of illiminaticn, difficulty in tracking, tezrein avoidsnce, vis wvhiteont, flare flicker and

¢ escilistion, coatrast reversal, loss of depth perception, and vertigo.” Xt has slso been reporzed that
during lov level f1light at night, the lazge end frequeat changes in edeption impair visuak portnwm.z

i\ Thare is very 1ittle literstuss ralevant to this geasxal problem ef vistom under flare light.

3 e, Laboratory investigations” into aspects of visusl air reconnaissance have basx ducted ead sachesvatical
s velatiouships for predicting petformance in actusl operations have been suggested. Hovever, it has been
peiated out that .nltuuou of thase predictive wmethods to practical detsctiom prodless ug lesd to
“great complexities”.* An axacple of thess "cowplexities” is given by Bluat end Schwellizg.” Jasad uven
hypothatical diffuse target-reflectaace, {nherant contrsst, target atea, vange, aod atwospharic effects,
it vas calculated that & flare of 1,445,000,000 lunens would be raquired to pred gh {lluat [
be able te & an d rask 1 d 98 dty sand at & range of 2,743 setarg, (The most conmonly vied
flars in tha presunt {uvsatory, the Navel Mark 24, producss 25,000,000 lumess). Blunt and Schsaliiag
further poist out thess requirenents say be focrsassd by &3 such as five tises when cosdst factors ate
conoidered (1.0,, psychological stress, atc).

J

E Therefors, {t is oot surprising thit visusl problems are ent -untered during night, sic-toeground tasks
E and that this s 4 difficele problen to: resssrch. Using laboratory-sstablished rolationships in their
3

. preseat form does 20t alvays ¢ad {n vessonadle recomasadstions for tne f{eld awd attespts have been sede
at both leboratory simalations® and field studies.’ Hagilton® astesptad to dasarming night vistbilicy
éistancas for military cargets using 2 scale-wodel sieulator. Vieving paths ware around-to-ground tather
than sir=to~ground. It was Zound chat visibility vas jcorest vhen targets wyrw placed agzinst foliated
backgrounds and vhen the durations of {liuzisation wers short. 1In Veascer's’ field study, ground targets
were placed 1o & 2.6 squire-metar sros £nd six serial obzavvers flev at clticudes zenting fron 762 to

{ A 1,676 ueters vith tenges from ground sero of 1,000 to 6,000 seters. Thirty-three fleres, vatying in
iatensity 4nd burn-tics vers droppad singly. Fiftesn parcent of the stationare targets and five per cent
of the usving targets vere rfetectad vhile onl- one percest of both types of targets vars identified.

%’ ) . Intedel staulutions by the Aerospace Medtesd Ressarch Lavoratory uaed thrus different groups of
N s ssbjscts perforuing carget acquisition (detection aod racogniticn) tasks wader simulated Mtk 24 flase
) 14ght, simlazed ):&t-n tlare light (s yecently davaloped flece which preduces 60,000,000 lucans), aod
° simsloted suclighe, o9 Canarally, target arquisition tosk significently leugae yadar faur simulated
| E
5;‘ " ® The research reported 13 this peper was conductad by parconnsl 2¢ the Aezosdece Medical Rerearch
s Labosetory, Astospate Madlcal Division, Alr Yorce Systecs Cow.and, Wrighi-Patterson Alr Porce Sase,
; P Ohin. This paper has bean ideatified by tha Serospace Kodical Rsecarch Labazatory sa AMRL-TR-11-114,
i Further reproductica i suthorized to catisty the needs of the U, S. Gevermuant,
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Mazk 24 flares dropped s siculsted distance of 0.4 kiloweter apart and ignited at a simulated altitudo of .
610 meters. This compared with significantly shotrter tiwes under the simulsted Briteyes deployed similarly
asd otill shorter times under simulated sunlight (simulatiny those 113:¢ conditicns characteristic of a
“partly cloudy™ day). However, with the simulated Briteyss, thare appeszed to ba & wuch sore proncunced
R direct glare problem viich was apparently astociated with tha more intense flare source. In an effort to
mcvhttottl\éa lsoun:ul problem, afforts have deen made to develop shislding techuiques for {lare
(2o 1) hd .

sources.

P

Tha early sisulati involved attempts at scaied-down reproductions of Teal-world chatscteristics
g without ragatd to tha sclentific fnvestigation of the visuel system in terms of smch concepts as visusl
g scuity, Whether visual acuity is gensrally defined as the capa.ity of the eys o zesolve detatl, or * ,
specifically defired zs the adility to discriminate dlsck and white detail at various dimtancas, thete are
uasy prodblems associazed with taking purely elinical or laboratory visual acuity messuresents and applying '

thea to the fisld. Fir exeaple, dizect application ot the norually pted inods of ing visual . *
acuity to the field {z difficult ia a visual search task from un aircraft bacsusa: the eys, the platforsm,
and the tsrget ate not static; the sceve involves color; and the tliuminstion lewal can be weasured oculy
gensrally. On the other hand, in varying the factors {ucluded (i.e., {llumisstiom, etc.), the rvesesrcher
esn be accused of oot really msasuring '‘visual ccuity” at all, or of using & concapt that was not latended
to sarve as s criterion bridge batveen laboratory and field, but tather as & preciss cliaical tool for
deteraining the visual capscities of individusl subjects and patisata. i

3 Yot the gap betwesn laboratory simulsticn and fo~flight velidatfon sust be BDridged. Utilizing high .
fidality terrain models can be successful. Bowever, thete is great difficulty fm duplicativg and . 4

controlling festuzas eimilar to the tarrain model in the real-world validation. The spparent alternative
£s to take pted acuity a9 and "modify" them for laberatory simulation wsé aventuslly "blow them

wp® for in-flight validacion.

Thie papar 1s conceraed with the Tesults from thres Tecent simulution expeziments. Ixperimant o vas
&8 attompt to deternmine chs behavioral sffect dus to flare shielding utilizing a 131,000 scale tarvain model
ewd sismulated ehielded and unshielded flare sources. In addition, thers was & cencers vith optinal sumber of
£lazes to be uwsed for a given target area for both ahislded and unshielded Mark 24 flares. Ivelve greups of
subjocts were used. Each group sesrched the terrain model undaz from one To six eimclated flaree im efther
the shielded or unshielded configuration., While the illuminance from a shielded flare 1is greater at the
cester of sa {llumination pattern, the 1lluainance from an unshieldad flare is greater st 40 degress from
4 the center sod teyond, Therefors, strictly from a visual perforssnce point of wiaw, it vas uvacassary to
daternive vhat effect these different p s of {lluminatiom cculd have ou tuxgnt scquivition.

&

4 ' Experizent II vas also concersed with flsre shielding. Bovever, in this ergperisent simulated 9
60,000,000-1umen £1eces vere used. This sessmed to ba & ressouable follow-on sffeort since aa sarlier study
bad indicated chat the direct-glare problen vay only ba scsociated with ths more tatenso flare and, alac,

: 8 60,000,000-1unen flare which burns for 5 mioutes is wow being {niroduced for Ifwmited uss, In this
experinment, two groups of 15 subjects sach seerched tha ferraia model under two simulated flsrves iu aithar

the shielded or unshielded configuration.

Experiment 11114 ves concerssd with the optinsl obsarver sizituds for perfoxmiag vicuslly under I(t &
28 flare 3ight. (Am esrlier study establishid $10 metars as the optimsl altitude for flare iguition.)
Another coacern iovolves tha typs of seasursnsut of visual pexforsioce. Required is & mesaure which is
wssils {n cthe laboratory, yat expsodadla to resl-world validation. Zach of eighc groups of five subjects .
gaxforusd at & different situlated observer altitude under similated flare light. The simulated sltitudes
tasged 10 152-neter increments from 152 te 1,219 maters. lasdolt rings end sculty gratinge wete used &9 .
targots. Ia sddition, four diffeveat drightness contrasts vexe wesd.
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The eubjects vere male college studoats with moraal color vision and 20/20 scuity ot bettex, Color .

wisfon wes tested by the Dvorine 2suesdo-Ieochromatic Plates. Visusl ascaity wvam tested dy & Bausch end Lomb
Haster Ortho-Ratar. Sixty, thivty, amd forty subjects wese used {1 Experiments I, II and III, cespactively.

) Apparstue ‘
The mafa feature of the apparstus vas the eimulation of the flare source. The Xaval Mark 24 fs & ¢
commanly-used parachute flare sad 1t produces 25,000,000 for thres minutae. 3imulation of this

tlare i3 sccosplished by use of & standard ¥e. 47 pilot lesp.” Operating this lamp at appropriate voltsge
zessonadly simulstes a Matk 24 cn & ecale of 131,000, Operatiug & standard Moo 45 pilot lacp at appropriscs
voltage teasonably sizulatev tha 60,000,000-luzen flaza. For experiments I ind II the sisuleted shields
coveisted of modificd flashlight reSicceors coated vith opagws white pesinc.

' the flara simslator (Figare 1) is posed of six Saufesliy~driven Lol olacteonicslly-controlled
o, 47 pilot laups wounted on a franavork suspended froa the celling of s labaratory dark voow. Each
sfaulated flare can B3 menuslly postitionsd vithin the leagth and vidth of the £ k. Thr d of
sach 2lave e contvolied by a 28 VoIt 3C wotor. Tha voltaga te aich motor is & rasp {uncticn to simulate N
the constantly dacreasiog velocity in the descent of 8 perashute flere dus to 1tve wsss loes crd heat .
geosration while busning. All oix of the flsres vere used s Experimant I, tws were ussd ia Experiasst II,

2o coe fa Exparineas I1f.

The tercafa nodal (Yigure 3), usod as the bechgscucd over which the sudjocts eesrched for targets {n
Dxperisaccs T and 31, is oa & scsle of 111,000 and prescats o veslistic porteagsl of octial tervefn. It
stasurce 1.5 oeters by .35 saters, vhich tepresents 3 terrain of sbout 5.3 kilseatsts loag dy 1.5 kilooetese
viss, The wodel siouletes the colov end riflectence properties of the reol vocld vithin the wisidls portica
of the 3l sgsetic op and conoaingd ezozg otders, the folloviag featwras vhich wers used a9
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VIGURE 1 = YLARZ SIMULATOR Df ORIRATION

tergete for Expariment I3 road, rivez, villsge, paddy arse, bridge, parked truck, movisg truck, d
sampen, aud enti-aireraft site. Three pstked trucks, thres villages, ani the soving eczpan were used as
targuts ia Experiment II.

Iz ovdsr Co"fly”" the eubject by tha terrain model iv Pxperiments . ard IT, he wis placed in au
optomstrist’s cheir sud required to keap the back of his hesd sgatast the head pads. Through the use of
the chair’e elevation feature, the eyes of cach sudject wsre maintsined st 61 centiraters above the terrain
nodel to corresposd to a eisulated altituds of adout 636 metaro. The chair vas placed oa & mitorized
trolley vhich propalled the eubject sloog tha model at a 9isulited speed of adout 213 kifomaters per hour.
The son~doninant eys of esch sudject vas coversd by 2n ays patch siunce, at the sctual vanges vhich wers
aimoletod, thare would de no sterscscopic dlstsnca/dupth cues.

In Experiment 11X, the targets urad weve landolt rings and aculty (uunu.“'"'“ Ths Lsndolt zing
werires nininum separable azTuity 6. (8P resolntion and fnvolvas the taske of resolution smd rvecoguitien.
During testing, the ting vat rotaced so-that the gep ves o oae of feir positions: up, down, right, or laft.
The scully gratisg elt0 measuran siniuum separable scuity aod involves thetssk of resolution. It consiets
of thres patallel hars with the ¢ietancs between ths bare equel to the thickness of & bar. The length of
the bars fs aqual to tho width of the encive confipuretion, Duricg tescing, the ccuity grasing vas located
1s qithar a “horsrontal” or "vartical” positien.

Soth the go3 fa the Landolt ring and tha gsp betwosn the parallel bare of the sculty xrating vers
ogusl o .19 centivetar. Although ths use of larpor targets vus stteapted, it was found \vast this size
.19 centicatar) pruvided the necessary discriminstions smong conditions for the viaving dictances in thie
etuly, %Tho targets vs7a silkscreentd with & co-polyser viscous solution outo four gray-zcale shades of
Kisberly-Stavens Kacel 2aper, Typa 100 (.9 grax/oqusze mator). This paper :0 a lenjnated ssterial havics
a8 {nner uet ot ocrin of non-voven threads vith surfociog materizl bonded to both sides. Tve backgrounds
ere mounted on o0 squsra foot artdoard for ease of handiing, Table 1 ahov~ tha beighui. s of tha four
bsckgrounis and the resuliing brigh ats. Thest # tare odtained witd & Spectrae
zightness Sphtmater Hodel “S2* vader indoor ssbient light conditioxs. Tha brightness counrast pecceateges
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FICURE 2 « TUO VIEWS OF TERRAIN MOOEL USED IN EXPERIMENTS I AND II

were cosputed by the tollowisg !mh:”
Pax Cont Contrast = %~ B x 100

Whaze: t. = Brightness of the Background
And l‘ « Jizhtuave of tha Targat

The slight differences {n the target brightness from background to background vers duo to the required
wdiftions of the co~polyner because of clianges fa viscosity of the solutica necessary tu completely cover
the various shaies. Tha negative prrecatage of brightrass costrast in Table 1 serely shovs that the one
targat vas brighter thaa the buckgrouud,
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TANE 1
LIMIMCE T CANXDEIA/SQUARE METER (cd/s2) AN. CONTRAST
PERCENTAGES FOR BACRGROUNDS AND TARGETS FOR KXPLRLMENT 11X
. BACECROUND SRICRTVESS (cd/s?) TIRCYT_ JRICHINESS (cd/n?) BRIGHTVGSS CONTRAST PERCENTACK
. us ) ”"
'Y . 3 %
; 30 % 20
’ ’ 2 *200

Rsch pubfect vas placed in the motorized epuutrut s chair and vas required te kocp the back of hie
tead agatnst the head pads. Through the use of the chair's elevation feature, the syes of each subject
wers maintained ot 15.25, 30.%8J, 43.7%, 61.00, 76.25, 91,50, 107,75, or 122,00 cemtinetsrs above the
target surtace to corvespond to the simulated sltitudes of about 152 through 1,219 meters. Table 2 shows
the visusl sngles, actusl and simulated sltitudes and slsat Tacges tor the mn: conumu. The visuel

aagles vere computed using tha following forsulasl!
VYisual fogls » 2 crena-z'n
Watet L « $ize of tha target gap or sapacation.
ind D o Distasce from thé observer's aye to the target.

beatn, tha nm-dominant eye of esch sudject vas covered vith an eye patch since, at the actual altitudes
viich vere ~llated, thers wnld be 0o sterecscopic distance/depth cuss. Ihe study was also conducted ta

& ladcratory dirkzaom.
The vieusl angles axprassod ie Table 2 that ths {4 vere perpendicular to the cbserver's

aye, Bovevc:, the targets were sctually perpendiculsr to the flare spurce. Tha incident angle for the
ebservers’ eyes varisd from 39°8' for simulated 1,219 metar sltitude to $195' for cbe simulated i32-aetes

sltituda,

VISUAL AVCLES AND 3IMULATED AND ACIUAL DISYANCES
$Y EXMERDMINTAL CONDITIONS FOR EXPERIMENT LIf

visust SDATLATED  ACTUAL STHULATED ACTUAL
COMDITION  ANCLE ALIITUDE ALTTIUDE SLANS RANGES SLANT BANGES
& 3¢ ters Centizaters tors {Consineters)
b3 $'2s" 152 15,23 3,027 10
. 2 612" 35 30.% 1,061 106
- 3 s AS? 43,15 1,114 12
4 39" 410 61.00 1,188 1us
. 5 510" 162 16,25 1,210 w
[] A'50" ne 91.40 1,387 nr
7 4°30" 1,007 106,75 * 1,473 )
s 48 1,9 122.00 1,587 138
Frocadurs

Tha subieccs wore divided iote 12 groupe of 3 subjects eack e Rxpeciaeat N, Table 3 mamarises
the conditfons fur such group of sbjects.

TANLE 3
SUBIZCT CROUP COMDITIONS YOR EXPIARIMENT I
ICWITION
ST wnaer NTERVAL DISTANCY SETVEEM FLARSS
Cro0p OF_YLARES (SECONDS)  NODX ACTUAL (CRNTINETIR) SIMULATED (ETERS)
) 1 WA Suielded WA w/a .
5 M WA Uashielind 1323 /A
3 2 20 Shielded 153 1,029
& 1 0 Unshtelded us 1,829
S b ) 13 Shislded 1 1,372
[ 3 13 Unablelded 13 1,972
7 [} 2.3 Shtelded 109 1,007
] 4 32,9 Unshiolded 108 L,
4 3 10 Satelded 123 9714
40 % 10 Veohieldad 23 974
b4 § 7 1 shialded bid %2
2 & L Veshielded i) 92
- After {xtisl scrcsaing sad prelinicary expla-stiona, esch subject vas trafnsd to {dautify tha tes
. tavgets 1i.ied eeclice, This vas accouplished by cepestedly pointiog the tarpoxa ot on & ssaller cervatn

moéel licsted ia the suhjosts’ ptaparatory roeu.
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Tor cousistery, during the axperimental russ, the movisg truck and sampan wete alweys stavied fros
thelr respsctive stactiag points. The sislzced flares wore {gnited st the different intervals, indfcased
1a Table 3, to sisulate a flare sfrcraft flying a track pitsilel to the simulated fitght of the subject.
Sua o the high laaraing rats associated vith the targets on the terrsin sodel, esch sudject was used for

suly ons expariseatal eun.

Thres types of data wite recorded fov each subject: total sumber of valid tsrgets found; ervors (l.e.,
ddax: ifying & truck vhen aone was ia the area); and tims slapsed from ignition of the fivst flace to a
subjeci’s verbal response that he had detected, identiffsd aod located & target. Conceraing this last
weriable, for dny of the ten targess not detected dvring a rum, the subject vas givea & Tesponss tise score
of 150 sezends cince this vas the shoriest slajsed tise for suy of the flare conditions.

The procedure for Expeviment IT vas similar te chat for Experiment I, except two graups of 15 subjects
oach weza established to correspord to the shielded snd unshielded conditions. In sddition, only two flatves,
placed 183 centimatera spart, vars used, Concerning resfonss times, for say of the sevea targets not
detected during a run, the subject «3s given a response tims score of 300 secoads since this vas the

alapsed tima for the 65,000,000-lusen £lare.

In Reparinest III, &0 swbjocts were vied. The eubjacts were divided into efght groups with five
subjocts in each group. Lech group was exposed to one sdsarver altitude comditios. la addttion, all
gToups vare exposed to the two typss of .targets (Landolt rioge aod scuity gratiugs) avd the four brightness

coutrast conditions (Teble 1),

After pralisioary sxplanstions aml a trial tus, ssch subject procesdasd with the task of detoimining
the position of the gep in the case of the landolt ricg or detersining the ertentaticn of tha acuity
grating, The order of presentation for tin got and brigh en conbinations vas vandom,

Batvess sessicns, the subject wore opiqua goggles to promote dark adaptatiom aud aleo to priveut ceeing
tergat placessnts.  The data recorded for snalyzis consisted of the time elapsed from ignitiom of the

flsi 0 to & sudject's correct verbal responsa concernisg the gap of tha Landolt rving or orieatstion of the
sculty gratisg, If & subject vas unadle to doteraina the crientation of s target, ha was given & Tespouss-
tiss “zoce of 180 ceconis, since thvt was the duratizn of the tura tine of tha siagle simulated flara.

Desige

In xyezisent T, for maber of targets snd errovs, the expeviwental dosiga var & 2 x 6 factorial.
The £icnz factor vefers to shielded versus unshielded wodes (two levels) and the second fector refers to
sumbar of flaxes (aix levels). For sha tespouse-time scozes, the design vas a 2 x € x 10 factorial with
repedatod missures on the last factor vhich zefers to taxgets (tem levels).

In Experiosnt II, Yor muaber of targets and errote, the stacistical design wes & t-test with 15
sudjects in each of tha tuo groups (shislded flares and uashielded flares)., Yor the response time acetos,
the design vas a 2x 7 ¢ 1sl with rep d on the d factor vhich tefeavs to taxgets

(seven levels).

Is Experisent 11T, tha axperimestsl dusiga vus sn § x 2 x 4 factorisl wvith Tapestel massures oa the
The fivet factor rafery to clssrver sltitude (eight levels), the second f{actor vefers

List tvo factors.
to type of target (landoit cimg or scuity grating), and tho thixd fsctor vu.ecrs te brightassss coutsast
{tiur levels). :

asnrs
Daparisnt ¥

The dascriptive tevults conateting of eversit msans for the effccts dus to shieldiag Mark 24s sre
samnreized n Tadle 4.

UL 4
OVERALL BEANS FOR SHL DTG VERSUS NON-SAIXIDING MARK 148
FOIYLDYD YLARES TRINTELOED YLARZS

Tazgets fovrd . 3.9 1.3
rrer o7 &0
”.62 97.45

Respocse tima (Sscords)

I Corns of overall grand vesus fov the entire azperiment, the svozage debject acquired ebout 7
(7.03) targety, tox's about 98 (97.44) seconds to (ird an aversge tsrget, and committed sbout .8 (.8))
srror deid: § 00 average tun. The wean responss-tize score ¢ vgry closa £o ths oversll saan (91,4
ssconds) for Naxk 24 flsre light obtzined from an esrifear scudy” f-wolving such wote austere methods.
¥ooe of the tbree varisbles reveslel acy statietically eignificant effecry dus to the flars shisldivg
versud the toa~ehieldteg, Further, for the data consieting ok muober of targets acquited, there vire 0o
statieticslly sigaificant «ffacts at all, For the responsa tims data, Teble & reveals s statistically
sigatficant main offect due to typs of target and also & sigolitcsnt tazeraction batvesn Typs of tazget
a8 wmber of flares used, These results Becessitated the ssarsh for the sinple main alfucts of susber
of flares for sach type of tatget and this anslysis $s cucnsrized in Tadle 6, wialch tevesls that only
the villags, the soring ascpan, snd the pirked truck contributed scatistically significant sain effects.
Tor this resason, thesc thies types vere the only targets usnd $n Ziperimant 1. The 2ero nsga squate for
the soti-afreraft aite Lo aveyibuted co the fact that 1t wry oot detscesd by cay of the subjects $n sny
group. The llevmen kaulo teats for diff{evencct oo all ordered 23ans for the three naia effecty genecslly
shoved that perforvarce with just cos (lars 10 significaatly poorer than with two of nore flates, but
thag incrossisg the number of flsces osbove two doos not L(occrace visusl perfotusnce for the type of
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E} terget layoute wsed 1a ths experiment. The data comsisting of errorz slee revesled s etatisticslly .
t . sigaificant effect due to sumber of flates used.
: e 3 ]
f SUMIARY OF ATALYSTS OF VARIANCE POR RESPONSE
oy TOE SCORLS 109, ZXPERDENT T
-
¢ T gomce o X & T DESAZLS OF FRERDON K2 SquARES x '
% Patvesn Subiacts 10 . I ) .
i A (Shielding) [] 1
¥ 3 (ve. of Flares) 7,012,000 3 1,602.400
¢ ' A3 : 10,643,400 S 2,128.180
‘i [ )] "m 03,463,300 48 l.’“o.zo
{ Pithia Subjects 2,376,134.100 no . '
i ¢ (arget) 1,629, 618,400 ’ 360,068.700 150374
b i ' 10,850,400 ] 1,205.600 1,00
i | 4 134,030,500 44 3,423.344 2,848
3 aC 61,412,700 43 3,364,727 113
C X Subd$ w/groups 520,202,100 432 1,204,172
" 3&.01
. TANZ §
'
. SUALY OF AMALYSIS OF SIMPLE XFPECTS OF NAOIR
: OF FLARES FOR DIVFERENT TAPGITS YOR EXFIRIMENT I
oot £ OC UMY DISKELS OV YRREDOM Man soogprs 12
.
4 3 foc e‘ (lim) 2.‘27.600 9 209,733
3 fox C; (Read) 1,341,483 | 2N 173.274
¢ B for Cy (Village) 23,100,740 9 2,348,749 Y 2.8
8 fox C3 (3ridge) 10,387.4%0 9 1,154,166
B for Cy (Paddy) 3,906,000 ] 656,222
§ for Cg Qlovisg Truck) 8,841,400 ] 933.40%
B for Cy (Moving $3mpan) 69,719,490 9 7,746,610 [ XL
3 for Cg (Parked Truck) 25,393,090 9 2,021,434 2.34¢
3 for Cy (feored Sampan) 13,645,150 9 1,316,120 1.26
B o &) (Amti-Atreratc) 0.0 L 0.0
. ¢~ s} vigeoups 510,202,100 a L2047
¢ ¢ .J-('E " RJI
P
\ Bperiment 13 i
. s $iace the target prodlems precented te the mbjects wars considerably mere 4ifficult asd 1C was hoped,
Site sameitive, than those prasenced fu Experimeat I, tXe Tewits frem Experisent II are met cempersdle, foc
9 f ungle, vith the tesults in Table 4. For the shielded cemdition, the averags webject ccquitsd 4.13
* targety, tack 171.77 seconds to find an sverage tsrgez and committed 1.17 esrexs. For the umshieldad
d 1 omadition, tis average subject acquived 4.07 targets, teok 181.13 secomis te find an aversge target and
A h Oomittse 1,93 errors. Statisticel t-tasts for the tacgets fousd aad etvers and the snslyefe of verisnce
. féc the tespouss time tcoves revealed a0 stacisticelly sigmificant differesces dee te the shialdisg versus
. ochinlded condition for the $0,000,000-1snen £late.
: Dperinsat 111
¢ '
B Tchble 7 shows that consideradls vasponse time varishility wes fesad betvoss different sisulated K
L , altitndae. Tabls & shows the susasry of the asslysis of varlanca fex these data. ! . é
: 1L 7 '
OVERALL MEAX RZSPONSE TDMXS BY SDMULATED ALTITUDE

. o

PCR DELRIEND 111

¢ : ERUTATID ALTITUDY QQTIRS) AN REEYGASK TR (BRCONDS)

152 9.49

. 33 9.5

Ay 3L

410 s.n

: . it 1.4
: 4 8.59 :

2,07, ».u

TR 35,23

e o
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UKL 8
¢ t . SRMARY OF ANALYSIS OF VARTANCE FOR ARSPONSZ TDGS FOX EXPIRIMENT III
]
SOWMCE OF TARTATION ONCE OV SQUARPS  DIGKLYS OF VRIZOOK  MLANSQUANE  LMATIO.
Batween fudfects 223,936.3: »
w A {Altitude) 117,30%.30 7 16,757.90 S.12000
b3 w/Croupe 104,631.00 32 3,270.34 .
] " withis ublecte M. )
3 (2ype of Target) 4,125.63 1 §,115.63 12,3000
3] 6,910,864 ? %71, 2,930 .
B X %ud§ v/Creups 10,793.63 1 3.0
C (Brightaess Contrast) 143,125.33 3 47,708,464 28.53000 .
aC $,832.68 i3 3,753.%4 2,240
C X Sub) w/Croups 160,320.29 * 1,873.12 -
» $.226.04 3 1,742,014 1.89 )
g A% 13,239.90 n 1,206.64 PR '
B X 8ub3 w/Croups $8,208. 09 »% 919.47
LLF ¥4 XY ) i .
. Trom the asalysis of vsriance for response timss, Table 8, the statistical bypothasis that thets ara
3 o0 sigaificant 4111 in resp tines Smoug the oight greups is mot temabie at the .0l level of
eoultdence. The Duocac's Mew Multiple Range Test’?, ot the .10 level of cocfidence indicsted "he reseite

. oumarized in Table 9. Is this cadle sa ssterisk iadicates & statistically siguifiseat ditfareice. ’
' . s 9

| ] SWURY OF STATISTICAL TRSTS OM ALL ORDKRED PAIRS OF MEAMS
: TOR EXPRRININT 11T .

SOERLATED
‘ AurTTog 610 R » ? & h—
‘ i %"‘T‘M . L R h%‘ i . (152
‘ €90 . . . .

e ——— -

! F ' i
} . ”4 " . .
| ¢ 62 . L4 s
‘ 908 .

. 1,007 s l

d . 437 4 .
. 1,319 L] .
2.0

Alsw, frem the smalysis of vaziasce for Taspenso tises, Tabls 8, tha statistical Aypethasie that
thece 3ve m sigeificent differences in rasponss Cimes dus to type of targat {e not tamsdle at the 01
level of confidence. Rather, the dats tend to indfcats that the scwity gratings requirad sigaificastly
Jenger times than the Landelt xings. Is additios, the ststistical krputheats that theve ate e sigaificaat
dazg in vesp tince dus to brightaess centras: levels iv alse not teashble at the .01 level *
of counfidenca. 1ha Duncan's Kew Multiple Bange test at the .01 level of coafidance iadicsted that brighcsess
coatzects of 64 and 74 percent were associeted vith shorter resjense times than the cescrssta of 20 and
«200 pezceat. Novevar, aaither of these pairs vas signiffcantly diffecent from sns svether. Zinslly,
thers was a statistically significanc istersction betveen altitude end typs of tazpet st the .03 level of
tonfidence sad an {aleraction detwoss alritude and krightsess comtrasts at the .OL levsl.

DINVKSIN

That there vere so statistizally sigaificant diffsresces Jue Co simelated flave shiciding was ecwevhat
suryrising. Kovever, thare ate seversl othar factors concarmisg shieldimg othar thaa those favolviag the
depanient varisbles used L3 this experizent. Tor sxample, ths visusl perfornanca a this study vas restricted
to that sseoclited with ares search for targets of oppostumity. Also, though the shield sy not eshixss
visesl perfotsance for this typs of toctical task, t; vill prevesc fllumisatios of the aircraft froe the
flarc, sx {apertant cossiderstiva., Am earifer study? indicaced thas the full besefit of flsre shielding
way 9ot be tealized uatil the candlopover of the flars veachas 60,000,000 lucans. Therefore, the rosults
from Txperiment ITX vhich also xevesled that chere ves so statistically significast main offect dus te flsre
shisldtag constituted 2 furcher sucprice. .

The vezults coscernirg saunbar of flaves ave in cloes sgrecesst with our esrlier utuy” vhich dicelossd
uo ofgatficaut differences In perfcrmance vhan simulsted .4, .8, 3.2, and 1.6 kilomwier separations detwveen

S

} R flares were used, Discounticy filate fatlure rates and other tzcticel mazeuvers, thers Lo 0o tacionsle for
| - Sgaiticg nore than two £1aves over 4 targel ares veyrasented by the ccaled-eize smd turget festures of the
| ’ terrain wodsl wtilized 1a the experisant.

The diffevancas atteibuted to type of Carget wero saticipated. Yn Ixptrimzat £, wost sudfects detectsd
a8 ddimeified tha toed and civer vithia 8 fev e2conds whila the antf-ofreraft afte wes aver decected.
i Kevever, for this expsriment, tha izzortast targetc vare thoss which atovided variladility for tha difisrent
exparinsatsl feciors. The villsgs, the paried truch ant the woviag ssspan vers tho targats cssecioted with

= e




 fa ot
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‘this variability. Yor this vessow, smphasis wes given te thesa typec of targets in Experiment II. Thet

80 subject datected the sati-sitcratlt sits vas not a tetsal sutprise, sisce Seuth Asis ¢
gogorted that these sites sza saldos datected unless they aze firing.

It 18 appervent from Tablss 7 and 8 that for tha slent Tange angles ef this study, ebserver altitudes
£a ths tange of 610 to 914 meters aze supericr to other »ititwdes. Specifically, while 610 seters did net
resulz in significantly diffazent performances {rom 762 eud 914 satezs, the 610 meter altitude ves the ealy
eme oiguificantly better than all of the othar sltttude condiciyas. 7This preblen wow sveits field valida-
tiek I3 a5 ia-flight study. It fs evident from the results frox Dxperiment III that thease scuity targets
(1,000 tines larger), placed cw a controlled grouad poist will previda reasoasble critecion sessuras feor
the inflight validatios.

Bowever, it was mruing that the acuity gratings gemarslly wvars seseciated with poorer perfermance
thas the Landolt vings. Riggs 6 caporte that i the case of scuity gratings, sach sisgle elesaat {i.s., 8
single 1ize) of the grating patters weuld be clearly identifisble {f it were presiutel slone. Wowever, the
precence of contours (L.e., othar lines) makes it 2if€icult for tha ebserver to discriamlscte the separata
elemente of the pattern, It is ressonable <o sssume thit eves vith the Landolt ring gs9 squsl to the
separation widih betvesn the gratipg bars, the two do uz 11y p the sana level of
d1f€iculty 1n discriminating perfornasce. Iz eddition, Shlaorl® found that twe fwmctives resulticy fres
the use of thasc two targets to ba quite diseimiler, with the lamdolt ring resulting ia higher visusl
ac';::y vith {ncresses im {llumization. Nowever, he cencluded that beth ave aduiseadle messurce of visusl
stmanCe.

$ince visusl acuity sypasts te be & form of drightacss discrisinacion,1$ the sigaificant metm wifect
dud to brightness contrast Seats sone imporcanca. Ihe rasults of this maim effect were asticipated except
for tas nuuv.u yoot pérfornance ia the cemditivm vhere the target was brighter thas the backgreuad

° <200 p r, the g 1 reflec frem thess targat/backgrousd combimatioes were
quite lov (Snc nno . I .m:m. traditionsal mum& dats have showm that, for dark objocts e o
deight Nek!gouad. scuity is saxinsl for the highest ¢ of 5 test sdject and
hackground.”® 1he cenverse msy met mecassazily he tree.
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