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ON A COHOCKPIT DISPLA™ uF TRAFFIC INFORIMATIOM

M’/G(;ton Jago ani €verett Palmer
Ases Research Center, NASA

The concept of a cockpit display of trafffic iunformation (CDTIL)
includes the integration of ailr traffic, navigation, terrain aad
weather information i{n 2 single electroatc display in tue coclkpit.
The pr.sert study was conducted as part of a reseacch project
designad to ~“evelop a clear ani coacise display format for use in
later full aissfcn stmulz~or evatuation of the CDTI concept. This
experimesrt regquired airl.nc pilots to monitor a CDTI ani aake per-
ceptual judgments conc” 1g the future position of a single
fatruder alrcraft 1i- ¢ .aship to their own aircraft (ownship).
The asin experimeatal variable was the type of predictor used to
display future position o0f each alrcrafr. Predictors were refer-
enced to the ground or to ownship unu they efther {icluded turn
rate information or did not. Other variables were the sircrafc's
sep:z:-ation distance when the juigaent was r1equired and the type of
encounter (straiglt- or turaning). Results indicate that unier these
experimental conditfions fewer errors were azde when the oredictor
included tura rate i{nformation, There was little difference tn
overall error rate for the curved ground referenced and the ownship
refe - enced predictors.

INTRODUCTION

Projected estimates of air traffic indicate a marked increase
in congestion occurring over the next 20 years. This increase is
expected to crzate a demand for greatly improved air traffic con-
trol services to maintain v f{mprove preseat levels of safety.
Relevant to the area of safety are concerns dealing with afficieacy
of flights fnuco and out of capacity limited terainal areas. The
concept of a cockpit display of traffic information (CDTI) {is
preseatly being considered to deterainre its role in the air traffic
system,

The CDTL is displayed on a cathode-ray tube (CRT) located ia
the aircraft cockpit with a display created by a computer. The
display allows the pllot to see other aircraft's position in rela-
tion to the pilot's own afrcraft. The pilol's own position and
directi{ ‘n of travel with respect to aies navigation routes and ter-
rain features are ind‘cited by a heading-up moving map.

Prior experiments in this pr.ject were dii.cted toward
developing a clea: "% e2sy to use display (r1ef. 1, 2, 3, 4).
Questions concerning the gene~fic LIOTI display were directed toward
the display syabolegy ani factors affecting perception of amotion.
Such variahles as uprdate r.te iewing time, background anrd sxethods
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of displaying past and future position of the sircraft have been
considered. Additional stuiies have been made on how to display
vertical sftuation information oan a3 map display (ref. 5, 6).

The object of this experimeant was to evaluate different pred-
ictors of alrcraft motion in ths horizoatal plane. Four predictors
were used. These wvere either groundi referenzei or ownship refer-
enced 4ith or without tura rate {nformation. Also of f{nterest was
whe er there was . difference in learning with the different pred-
Llectours.

METHOD

Subjects. Sixteen airline pilots were paid to participate in
this experiment. No pilot had prlor experieace using CDTl symbol-
ogy, eliatnatiang the possidilicy of previous learaing affecting the
results.

Apparatus. The pilots vere seated in a two-place, fixed-base
traansport simulator. The only functioning parts of the simulator
were the CRTs that displayed the traffic fnforsmation. Respoases
were aade on 31 haad-held ifianstruaent.

Visual display. The CDTI was displayed on a2 18 ca X 138 cm
CRT. The center of the screex was located 25 deg. (.44 rad) delow
tie horizontal on the pilot’'s ceater line aad .87 m from the
subject's eye reference poin~. The width of the terrain displayed
on the CRT was 10 nautical aites (18.5 ka). With this man ucale, 1
nautical mile (1.85 ka) or t.e ground equals 1.2 cm on the display.
The owaship was represented by a chevron symbol with the exact
location of ownship being the top point of the syadbal. The
{ntruier was represented on the display by a circular symbol with 3
dot {n the center indicating 1its present location. Both ownship
and fatruder were displayed with ground referenced history dots.
Each of the efght dots indicated the past position of the afrcraft
over the ground at 4 sec intervals. These syabols wvere preferred
by most pilots in Hart's stulies of pilot preference for various
types of COTI syabols (ref 7, 8). An area navigation route map
provided grouad objects for the background.

Encounter variables. There were 48 differeat encouaters.
Figure | shows il of the 48 eacouaters. Ffor example, eacounter |
auisplays the owaship in a heading up position. The intruder is
approaching froam the vight. 1In Figure | all sketches show curved
ground referenced predfctors for thes purpose of {llustratflon. .n
24 of the encounters the intruder ultimately pasied {n front of
owaship. 1In the remaining 24 the {ntruder ultimately passed behind
the ownehip. In 24 of the encounters, both : ‘rcraft weant straight
and in the remaining 24 cne or both afrcraft turaed. 1In 24
eacouaters -he display stopped at 44 sec to the point of closest
encounter. The remaining 24 encounters stopped at 28 sec tc the

point of the closest encounter. The parameters for the encnhrunters
are found {a Palmer et. al.

Constant encounter ~arazeters uacluded: viewing time, 8 gec,
separation 4distance at a2ncounter, 3J00 ft (.91 ka), and update
rates for ownship and intruder, Owaship's position and heading was

440



S 7
v, = -90° v, = ~46° v, = -135° v, = -90°
V, = 200 knots V, = 200 knou V, = i Oknous v, » 132knen
vo - Tl o = O/mc Vg = O'/vx o = 0"/smc
v = 0"/ ¥ = 0/ % = 0/ % * O'/smc
fe—e ‘)B '\. "{b ‘rﬂ
9 " 12 15
v, = -90° v, = -%° v, = -90° v, = 40
V, = 300 knots V, = 200 knots V, = 200 knows V, = 200 knots
v = 0°/mec vg = ~1.50%/mc Vg = 0"/mc Vo = +1.50°/mc
w * 0°fsec ¥ = 0°/ssc “ = -1.50°/mc ¥ = O'liec
l’? ™o Y
I X ~
17 19 21 F <]
v, = -90° v, = -90° v, = -90° ¥, = -90°
V, = 200 knots V, = 200 knots V, = 167 knots V, ™ 200 knots
Vg = 0°/sec vg " -1.50°/sec Vg = 0°/mc g ™ +1.50°/mc
& = +1.50°/sec v = -1.50°/sec by = 0%/sec ¥ - +1.50"/sc

Figuce !
ulcf.

4al

¢2lve of th2 %9 2a:20unt2rs {n Jhich the {atruder would
iy piss in front of owaship.
3rouna rafereaced predicters.
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uplacad avery .l se2:, shilz the iatrudac's pasitioa 20d1 h21dlag 4as
upiit:d avery 2 s>z,

Jdisplay variables. Thera sare four coaditions of display
praiiztars: (1) straight ground referenzed, {b) curved zround
cafaranz24, (c) straight relative, 1ad (d) curved relative. [a th2
strafizht grouni cefereaced pradictors, the 2nd >f th: vector indi-
zata1 tha projected position 3f the aircrafe over the grount in 32
s2c, assuailaz the atrcraft miintained its current instantanzdus
qround track. The curved 3round refersazeid preiiztor initcated the
position of the afrcraft in 32 sec, assusing tha atlrcrafc aszfa-
ti1in=2d its current tura rate. la curved oniouanters this predtctor
carvad i{n proportion to the turan rate. With the stratght rolative
preciiztor tha =2ad of the predictor ifaniilcited thz Llntruiec's posi-
tioa r2lactive to th» s>waship positton, dfraction, 2nd spect {f both
1irzraifet avintain thelr current ground traick. dJith ths curved
telative the eni1 of the predictor prediicts the pasition o€ the
intruiesr relative to ssaship Lf baoth atrcraft miintatn their
current tucra rates. [n 2ncounters Jhere both afrcraft are going
straizht *h2 display app2ars the sime with Soch stralighet and curvald
praiictars,. Figure 2 shows th2 simz2 2ncounter with each af tha
four preifctors, No raiar nolse or tracker lag warz siaulated.

‘4
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STRAIGNT GROUND-REFERENCED RELATIVE PREDICTOR ON
PREDICTORS ON BOTH AIR-CRAFT INTRUDER AND NO PREDICTOR
(STR GRP) ON OWN SHIP (STR OPR)

‘O
LN

‘O

CURVED GROUND-REFERENCED CURVED RELATIVE PREDICTOR

PREDICTORS ON BOTH AIRCRAFT ON INTRUDER AND NO

{CRV GRP) PREDICTOR ON OWN SHIP
{CRV ORP)

Figure 2, The four ifspliy formacs us2d in the expzri.ent.
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Prozecdura. Tno task for this 2¢pariment was to wonitor the
23Tl for 3 sc= ani predict whsthar the intruder atrerafer would
ulrimately piss in froat of or in back of the aswaship. The sub-
jects initcatad their declsions by pressing the appropriate button
o2 th: hini held response switch, Two seconis sfrter the laitlation
of th2 rua, th» fantcuier 3pperred on the COTI with 1 position,
velozity, track angle, 3ani turn rate calculated so that the
intruder ultimactely pisset cithar directly In front of oc ia back
2f owaship (n 52 or 1% sez. After 3 sa:z of vicsing tine cthe CRT
418 blank>1 1al reptiaizz24 4ith 1 wessage ascing whethar th2 i{atruter
42uld pass (n froat or in back of ounship. The pilot responied.
The wyrds "IN FRONT™ or "IN 83ACKX™ thea app2arzd on the screen (uil-
cating th2 correct juizment.

Four subjacts warte assigned to zach of th: four contitions.
[nitial oral f{nstructions concerning the zoncept of the: COTU and
the araniag of th: various iisplay symabols ware 3iven. After
appraxiaita2ly onz2 walf hour of triiniang, all pilots unicrwaant a
pretest bloz% of 38 eazouaters with a0 predictors. At the zoazlu-
sion 2f the pretast trial thare Jas 1 lO0-minute dreik. The pilots
tecelived aiiitional training sp2cific to the a2xparizcatal coadi-
tion. Ja Day 1, threa bloczks of the experim2ntil coniition of the
43 2ncountars ware adainistired with 2 10-minute break betwaen
blozks. 92a Daiy 2, the subjects received insctructions sn the wmean-
ing of cth2 COTL syabols for the 2xparimental coaditiocn ani thre:z
wore blocks of 43 encounters of the 2xparimental coaidttioa gere
glvea, The a2xpacinmeant concluied with 32 posttest dlock identical to
the pretast block with 20 predictors. Presentation arder was can-
doaized. tn aidition, whath2r the subjsct saw 1 spacific encounter
or its afirro. lmage was 3lsd> ranionized.

Rasults

Table | shoas th: percent crro. for each nf th: predictor coa-
1itions for straight and curved enzounters 1% bdocth distanzes. It
can b2 sean Iln Fi{gure 3 1nd Tadble 1 that fewzr ercors were male on
curvei conzounters wh:rn tha predictor tniicated tha future jolint
effact of ~urreat tura cvate of both atrzraft. Both ground refer-
enc2d ani owaship referencel pradictors resultet in equally qo01d
parformin:es on straight encounters. Hosever th2 error rate on
curved ncountars wis consiscently lowar for th: zoniitions with
sarved 3rorad or ownship refereaced predictors that provided turn
rate {nfarmition. With tura rate tnformation thes arror rate on the
curve? 2ancounters was czouparable to the error tate on stralght
2ancounters. The highest error rates ozcurad when both 1ircraft
wrr2 turning and th: predictors 41id not inclule turn rate tnforma-
tion.

An analysis of varianz: wis condu:ted on transformed percent
ercoc ri~e over the four predictor conifitions, separation distince
1t encounter ani type 3¢ encounter (straight or turning). Table 2
shoas the rrsults o9f tha ANOVA, Perforaiances over the four predic-
tor tyoas, two separation disrances aad encounter types were signi-
ficanciy diffaicent 213 were ras {nteractlons of predictor type ani
separation 1istanze and th: interaction batwaen predictor typa and
eacountar typz2,
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Prediztors Eacouatars
Strafghe Curvad
23 44 sec 283 44 sec

Naae {pratest) 3t 42 23 3
Nona {pasttest) 23 29 23 3%
Straight groundi cef. t 1 27 19
Curved grouni ref. 2 19 2 4
Straiight ownship cef. 1 8 14 35
Curved swvaship ref. 0 9 L] 19

Table |, Perceat error averaged sver subjscts aad replicatioas
for straight 3and cucrved enczounters. Thare were 9% trials sach
pec cell for ths pretest ani posttest as> predictor coaiitioas and
233 tetals eazh par cell for the four predictor coaiitioas.

Source SS 1f “s 1 4

2 J215.95 b ) 1071.8 20.2 ¢
] 1675.3 1 1626.3 178.3 *
.4 1557.2 1 1557.2 75.6 ¢
XD 13.2 3 5.4 <1

P X 1292.6 3 4327.8 20.9 *
2x ¢ 2.6 1 2.5 <1

P XO0OXE 293.,2 3 99.4 6.5 ¢
* p{2.01

Table 2. ANOVA over prediictor roaiitions (P), separation iistan:ze
(D), and1 enzouater type (%).

L Jg PREDICTORS r PREDICTORS
WNCLUDE ONLY ALSD INCLUDE
SPEED AND TURN RATE
TRACK ANGLE NPORMATION
8 N -
& T I
. 1
:
¢ 2 -
o r
L 2
o GAOUND OWN- GAOUND OWN-
REFERENCED SHIP REFERENCED WP

*igdc2 . Ta2 1f€f22t of aliing tuea rat2 faformatinsn t9 th2 preiice-
tor.
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Figurs 4 shovws parcent error collapsed aver subjects for each
of ths predictors. The data are showa for each of the replications
averaged over the two distances. It can be sean that ceplicacions
2ith predictors do aat improva psrforaance on the no pradictoer
posttest. There was no sigaificant 4{ffecrencte betveen tha pretest
and posttest m2aas. There wis evidence for learaing for all pred-
fctors except the zucvaed ovaship referenced predictor which maim-
talned an average error rate of 13T. :

At the coaclusion of cthe experiaeat ths pilots were allowed to
view the ather predictor coadittoas. Thelr pradictor preferesacze
was requested. All pilots preferced predictors with tura cate
faformation tancluded. The preference was esvealy divided between
grouail cefereaced sail ovaship refereaced predictors.

DISCUSSIOY

The n33in objective of this experimsnt was to favestigate per-
forsances using dtfferent types of predictors. Evideace clearly
shows that thz addition of a predictor creduced the error rate. The
percent ercce~ vas further reduced when tucra rate Laformatlon was
added to tha predictor. :

There still cemains a question whether grouad referencing or
owaship rafereanzing is the bdest methoi. The perceat error data on
the replications showed that there was lit~le learaing with the
curved owaship referenced predictor. Although after six replica-
tions both curved ground refereanced and curved owaship referenced
predictor coniitions had similiar low error cates.

The question of which asthod of referencing is best is further
¢louded by the fact chat 50X of the error with the curvad ownship
referenced predictor was accouated for by two encounters. Thess
two eacounters (#11 and #19) are bdoth encounters vhare the owaship
{s turaiag. Thus the curved ownchip ref.renced predictor condition
had a very lov overall ercor rate when these two sacounters are not
conside ed. One could argus thst ownship referencing is the best
sethod. Oa the other haad, the zurved grouand referenced predictor
coaniition had a3 aore even distridution of error. One sust alse
question how good a referenciang zethod is {f it can de so zoufusing
on two of the encounters and aot coafusiag oa all the other
encounters.

Results from the sudbjective data suggest chat cthe aethod of
referencing is «o lndividual preference ani not based on perfor-
sanze.

CONCLUSION

This experfment adds to s series of experiments designed to
evaluate CDTI display symbolozy in a dynamic bdut controlled
environaent. The following are genersl observations based on the
data froam this exparimeat. 1) The addicion of predictive {aforma-
tion reducas ercor. 2) The best results were obtained when turm
t-1e faformation w#as {ncluded {n che prediction.

it {s fmporcant that any conclusion the resier say drav from
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| e=es= CURVED O PRE TEST
e STRAIGHT Q POST TEST
STRAIGHT GROUND STRAIGHT OWNSHIP
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Figute 4, Learning perfor: «nce with each prediccor type. Percent
ercor collapsed over subdjects.
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th2s2 results tike (ato accouat th2 falloing limttations of tha
reseirch mathod: (1) The pilots coull davace thair untnteccuptad
atctenti{on ta the task far 3 sec; (2) na2ither wircraift changed fcs
spacd or tu-a rate during an 2ncounter; (3) althouzh the ditsplay
718 1dyai1aiz, th2 pilots 2ould nat fateract with the {isplay tn sk
far more information about th: intrudzxr or change th2 a1p sz=ale:
(4) pilots zould not cike over manuil coatcrol of tha atrcraft; (5)
the passive nature of th2> task and the large auszber of trials
resulted fa 1 task that quickly becawne routinz, The first two
ftens shyuld lead to fewar errors than would be axpacted {n 1 real
1trcraft. The last three items shoull lead to wore arrors than in
2 real afreraft. It is felt, however, that the relative difference
betwean the Jdisplays will remain the se12 as the tisk (s made =more
cealistciz,
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