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A SIMULATION INVESTIGATION OF 

COCKPIT DISPLAY OF AIRCRAFT TRAFFIC DURING 

CURVED, DESCENDING, DECELERATING APPROACHES 

George G. Stelnmetz 

NASA Langley Research Center  
Hampton, V i r g i n i a  

SUMMARY 
..- , 

Ph+s r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a s i m u l a t i o n  experiment 
. .f - 

involving . the  e v a l u a t i o n  o f  cockp i t  d i s p l n y  o f  a i r c r a f t  t r a f f i c  

.iriFormation. The experiment was conducted us ing  t aped  time - 
deperidsnt, non- in te rac t ive  t r a f f i c  i n  an approach t o  l and ing  

situation and two l e v e l s  o f  p i l o t  c o n t r o l  modes: 3-D automat ic  

and computer augmented c o n t r o l .  The tests involved two cases:  

t h e  simu'lation a i r c r a f t  flew approach p a t h s  which (a)  fol lowed 

another  a i r c r a f t  i n  between two o t h e r  a i r c r a f t .  and ( b )  merged 

between two o t h e r  a i r c r a f t .  Speed c o n t r o l  v i a  manual t h r o t t l e s  

was used i n  a l l  t e s t s  (pabn s t r e t c h i n g  was not  al lowed f o r  main- 

t a i n i n g  s e p a r a t i o n  between a i r c r a f t ) .  The approaches were conducted 

while  t h e  s imula t ion  a i r c r a f t  was conducting a curved, descending, 

d e c e l e r a t i n g  approach t o  landing.  Performance d a t a  s e t s  were 

examined and s u b j e c t i v e  op in ions  regard ing  workload were ga thered .  

T r a f f i c  p o s i t i o n i n g  was v a r i e d  t o  f u ~ t h e r  e v a l u a t e  t h e  test  

s u b j e c t s 1  monitoring performance. 



The r e s u l t s  i n d i c a t e  t h a t  reasonable approach t a s k  p e r f o m  

ance can be maintained when t raff ic  information i s  display& on 

= RNAV-type map fo r  both merge and follow type s i t u a t i o n s .  

Measurable d i f fe rences  in mean and s tandard  dev ia t ions  o f  speed 

p r o f i l e  performance were determined f o r  t he  inc lus ion  o f  t r a f f i c  

pos i t i ons  i n t o  t he  display.  Cognizancz of  t r a f f i c  separa t ion  was 

e s t ab l i shed  within  t he  tests involving t r a f f l c  s i t u a t i o n s  and a 

t rend  towrtlzd reducing separa t ion  where l a r g e  gaps e x i s t e d  was ncted. 

Level of c o n t ~ o l  mode e f f e c t s  produced mixed r e s u l t s .  Subjec t ive  

data  ind ica ted  a s e n s i t i v i t y  t o  c o n t r o l  mode l e v e l s .  Overall ,  t h e  

r e s u l t s  are favorable toward presen ta t ion  o f  t r a f f i c  Information 

during f ixed path, curved, descending, dece l e ra t i ng  approaches. 

INTRODUCTION 

For many years  proposals have been made t o  d i sp lay  t r a f f i c  

information i n  t h e  cockpit  of  a i r c r a f t .  A s i z a b l e  amount o f  work 

has  been performed by various organizat ions .  These research  e f f o r t s  

have addressed many aspec ts  o f  cockpit  d isplay of  t r a f f i c  informa- 

tion. An example is  the  study conducted by t h e  Massachusetts 

I n s t i t u t e  af Technolorgy, references  1 and 2. The cur ren t  research 

i n  advanced cockpit  design of commercial a i r c r a f t ,  a s  evidenced by 

the  Terminal Configured Vehicle Program ( r e f .  3) a t  Langley Research 

ttenter and the Short-Haul/Aircraft Research ( r e f .  4) a t  A m e s  

Reflearch Center, has increased I n t e r e s t  i n  t h e  Cockpit Display of 

Traf j'ic Information ( CmI) . 



2 and elsewhere, many fundamental i s s u e s  remain t o  be researched,  

e spec i a l l y  i n  t h e  conceptual aspec ts  o f  fu ture  opera t ions  and 
1 
8 
k 

5 
procedures involving advanced ATC and a i r c r a f t  proposals.  Addition I 

i 

of t r a f f i c  information t o  e x i s t i n g  RNAV advanced e l e c t r o n i c  

d i sp lay  formats is  an i s s u e  which needs t o  Be examined as a func t icn  

of  advanced con t ro l  systems, -curved, descending, s h o r t  f i n a l  paths ,  

and merge o r  spacing s i t u a t i o n s .  The experiments described here in  

address t hese  s i t u a t i o n s  i n  a l imi t ed  and preliminary manner. 

With t h e  advanced f ea tu re s  of  t h e  TCV 737 aft  deck ( r e f .  3 ) ,  

experimental a r r i v a l  rou tes  can be success fu l ly  flown under a 

va r i e ty  o f  con t ro l  system leve ls .  These experimental a r r i v a l  paths  

have an implied speed pi-of i le  due t o  t h e  s p e c i f i e d  ground speeds 

a t  each waypoint. The speed p r o f i l e  can be viewed as de t e rmin i s t i c  

(dece le ra t ion  assumed constant  between waypoints) and hence can be 

converted i n t o  a time p r o f i l e  given one f ixed  time i n  the  path.  

Tnus, each waypoint can be spec i f i ed  i n  time u n i t s  i f  any e n t r y  

time is  given. 

With t h e  above capab i l i t y ,  the  quest ion addressed by t h i s  
.: 

experimental s tudy was bas i ca l ly :  Does the  presen ta t ion  of t r a f f i c  
'i! 

information on thz  RNAV display a f f e c t  t he  path time p r o f i l e  when . S 
;r 

the  p i l o t  i s  p a r t  of  the  con t ro l  loop? In  order  t o  ob ta in  aome t7 

5r 

answers toward t h i s  ob jec t ive ,  a two-fold approach was undertaken. +.; 

F i r s t ,  a means of providing r e a l i s t i c  t r a f f i c  was sought f o r  t he  . . 
, '  

- 
simulation with t he  cons t r a in t  t h a t  whatever was used i n  t h e  

- 4  

s i f iu la t ion  t e s t  cculd a l s o  be provided aboard the  a i r c r a f t .  Second, 2 

i 
: 



an experinent was sought which centered about curved, descending, 

decelerating, shor t  f i n a l  paths involving: (1)  a s i t u a t i o n  I n  which 

a lead  a i r c r a f t  was placed on a common a r r i v a l  route and ahead of 

the simulated TCV 737 a i r c r a f t  (a fallow case),  and ( 2 )  a s i t u a t i o n  

In  which a l l  o ther  a i r c r a f t  were on adjoining a r r i v a l  routes (a 

merge case). 

Both aspects of t h i s  approach were accomplished and the  

preliminary experiment was conducted using taped time dependent, 

non-interactive t r h f f  i c  i n  an approach t o  landing s i tua t ion .  Two 

levels  of  p i l o t  control  modes ( 3 - D  automatic and computer augmented 

manual) were included and speed control  v ia  manual t h r o t t l e s  was 

used throughout the experiment. Speed p r o f i l e  accuracy, hence 

timing and separation values, at  the outer  f i x  was examined. 

Subjective opinions regarding workload were gathered. T r a f f i c  

posit ioning was varied t o  subs tant ia te  quant i ta t ive ly  the monitoring 

of t r a f f i c  by the t e s t  subject.  Since the author served as the 

so le  evaluation t e s t  subject ,  the r e s u l t s  should be considered 

preliminary. 

EXPERIMENTAL SYSTEM DESCRIPTION 

Real-Time Simulation Configuratians 

Basic Aircraft .-  The real-time TCV 737 simulation contained a 

baseline nonlinear representation of t he  B737-100 a i r c r a f t .  The 

f u l l  f l i g h t  envelope has been modeled via  two and three vvriable 

tab le  look-up functions f o r  the aerodynamic coeff ic ients .  F l a p s ,  

speed brakes, gear, and t h r o t t l e  operation.. were simuiated based 



upon the  known a i r c r a f t  c h a r a c t e r i s t i c s .  Engine dynamics regarding 

spool up and down performances have been matched t o  a c t u a l  f l i g h t  

data .  Control  surfaces  i n  t he  s imula tor  have been modeled i n  

d e t a i l  including such i tems as lags, h y s t e r s i s  loops, e t c .  

Controls.- The TCV Simulator i s  equipped with  a mult i- level  

advanced cont ro l  system. A l l  l e v e l s  include computer feeds t o  t h e  

cont ro l  surfaces;  even the  so-cal led "manual" mode is r e a l l y  a 

nfly-by-wirew computer augmented mode. The l e v e l s  o f  con t ro l  ava i l -  

ab l e  range from P ~ l l  automatic, both nav iga t iona l  and autoland,  t o  

a p i l o t  nmanualw mode. 

There are two 9nanualtt modes s e l e c t a b l e  by the  p i l o t .  As 

s t a t e d ,  each i s  computer augmented and i s  a form o f  con t ro l  wheel 

s t e e r i n g  (CWS). Each contains  a rate command propor t iona l  t o  wheel 

and column inputs  plus  a  hold  condi t ion upon n e u t r a l i z a t i o n  of t h e  

c o n t r o l l e r  input .  Both modes, f o r  example, contain a b~ :k angle 

hold f o r  steady tu rns .  The major d i f f e r ence  between the  two modes, 

ATT CWS and VEL CWS, l i e s  i n  the  a i r c r a f t  s t a t e s  t h a t  a r e  being 

maintained o r  pr imari ly  maneuvered. In  t he  ATT CWS mode cont ro l ,  

con t ro l  ' s t a t e s  a r e  p i t c h  i n  t h e  longi tud ina l  ax i s ,  and heading i n  

the  l a t e r a l  ax i s  whereas i n  t h e  VEL CWS, the  prime s t a t e s  being 

cont ro l led  a r e  i n  the i n e r t i a l  d i r e c t i o n s  of t h e  ve loc i ty  vec tor  of 

the  a i r c r a f t  (namely the  f l i g h t  path angle yI and t h e  t r ack  angle 

along the  Ear th) .  Note t h a t  the  magnitude of t h e  ve loc i ty  vec tor  

is  not a  p r i n c i p a l  s t a t e  being cont ro l led  here but r a t h e r  i s  

p r inc ipa l ly  a  function of o the r  f ac to r s  such as winds and t h r o t t l e  

s e t t i n g s  ( f i g .  1). 



The navigat  i ona l  modes of con t ro l  range from hor i zon ta l  path  

Following (2D), with f l i g h t  path  angle s e l e c t a b l e ,  t o  h o r i z o n t a l  
6 

path and v e r t i c a l  pa th  following (3D) t o  a f u l l  3D guidance p lus  L 

speed p r o f i l e  con t ro l  (4D). O f  course, each mode r equ i r e s  t h e  ' 

adequate d e f i n i t i o n  o f  t he  des i red  f l i g h t  pa th  such as  l a t i t u d e  

and longitude,  a l t i t u d e ,  and ground speed a t  waypoints. In  t h e  

latter mode (4D), t he  t h r o t t l e s  a r e  dr iven automat ical ly  w i t h  any 

d e l t a  speed change being obtained by a constant  p o s i t i v e  o r  negat ive  . 
acce le ra t ion .  

Auto thro t t l es  are ava i l ab l e  v i a  t h e  con t ro l  mode panel  and 

an autoland system chat includes  decrab and flare can be employed 

when within  e i t h e r  MLS o r  ILS coverage. 

Displays.- The TCV Simulator contains  e l e c t r o n i c  d i sp lays  as 

pr imary  sources of  information t o  t he  p i l o t .  One e l e c t r o n i c  

display is devoted t o  a t t i t ude -d i r ec t ion  type information, see  

Figure 2. Basical ly ,  t he  " s t a b i l i t y n  of t h e  f l i g h t  i s  maintained 

through t h i s  information. Note t he  s c a l e s  on t h e  lef t  end bottom 

o f  Figure 3. These sca l e s ,  when the  d i sp lay  i s  under c ru i se  mode, 

represent  devia t ions  i n  meters from the  defined path. The l e f t  

s c a l e  i nd i ca t e s  v e r t i c a l  devia t ion between values of L-30.48 meters 

and the  bottom s c a l e  i nd i ca t e s  l a t e r a l  o f f s e t s  between values o f  

2152.4 meters. A more de t a i l ed  desc r ip t ion  o f  t he  e l e c t r o n i c  

a t t i t u d e  d i r ec t ion  i n d i c a t o r  (EADI) can be found i n  

references  5 and 6 .  



The second e l e c t r o n i c  d i sp lay  is pr imar i ly  an RNAV disp lay  

device. The 2-dimensional map assoc ia ted  wi th  waypoints i s  

graphical ly  i l l u s t r a t e d  a long with  alpha-numeric l a b e l s ,  see 

Figure 3.  The extreme upper pos i t i on  of  t he  d i sp lay  contains  a 

tape s c a l e  and po in t e r  f o r  t r ack  angle  information. Alpha-numerics 

i n  the  extreme bottom left- and right-hand corners i n d i c a t e  c o r ~ t r o l  

mode se l ec t ion ,  map s c a l e ,  and ground speed. There is  a mode 

cont ro l  panel assoc ia ted  with the  d i sp lay  which governs t?le map 

sca l e ,  o r i en t a t i on ,  and information opt ions  t o  be presented.  

Information opt ions  a r e  programmed on t h e  on/off buttons.  Other 

a i r c r a f t  o r  t r a f f i c  t a r g e t s  a r e  not  a standard f e a t u r e  of t h i s  map 

display bu t  were added s p e c i f i c a l l y  f o r  t h i s  s tudy and cont ro l led  

i n  the  cockpit  through two o f  t he  on/off buttons w i t h  t h e i r  r egu la r  

functions dele ted.  The o u t l i n e  of t h e  approach path  f o r  the  

t ra f f ic  i s  presented as p a r t  of t h e  t r a f f i c  function.  Map s c a l e s  

a r e  cont ro l led  v i a  an e i g h t  pos i t i on  ro t a ry  switch and range from 

0.39 n. mi./cm ( 1  n. mi./inch) t o  12.5 n. mi./cc (32 n. mi./inch). 

Track-up o r i en t a t i on  i s  standard f o r  f l igh t  work and a north-up 

o r i en t a t i on  is sometimes used f o r  pre-takecff  reviest  of  t he  f l i g h t  

plan. A l l  s imulator work was pri lnari ly track-up o r i en~c -d .  

A t rend  vec tor  is ava i l ab l e  on the  map and presents  the  

predic ted path 30, 60, and 90 seconds ahead of the  a i r c r a f t .  One 

exception on the  t rend vector  occurswhen0.39 n. mi./cm 

(1 n. mi./inch) s c a l e i s  se lec ted ,  i n  t h a t  only 30 seconds of  

p red ic t ion  i s  ava i lab ie .  Coupled w i t h  the  t rend  vector  i s  a 

s t ra ight  l i n e  along t h e  t rack  of the a i r c r a f t  f o r  the  :'ull s c a l e  

7 



o f  the map display. For  t h i s  experiment,  a map s c a l e  of 

0.78 n. mi./crn (2  n. mi./inch) was used w i t h  a track-up mode. 

Approach Paths  and T r a f f i c  Flow 

The two approach pa ths ,  DORA 1 and DORA 2, which are exper i -  

mental S tandard  Terminal A r r i v a l  Routes (STAR'S), a r e  shown i n  

Figures  4 and 5 .  These STAR'S were s e l e c t e d  from a group o f  

exper imenta l  STAR des igns  formula ted  by t h e  Terminal Configured 

Vehicle  P r o j e c t  O f f i c e  o f  Langley for an MLS demonstrat ion a t  

Montreal, Canada, d u r i n g  s p r i n g  of 1978. The waypoints of bo th  

s e l e c t e d  paths  a r e  co-located and only  d i f f e r  i n  t h e  v e r t i c a l  p lane  

and ground speeds.  The a l t e r n a t e  o r  dashed p a t h s  shown i n  

Figures  6 and 7 are o t h e r  a r r i v a l  r o u t e s  f o r  t h e  runway. One such 

r o u t e  was a s t r a i g h t - i n  approach path ,  and t h e  o t h e r  was an o f f s e t  

approach wi th  a n  i n t e r c e p t  of  t h e  s t r a i g h t - i n  p o r t i o n  s l i g h t l y  l e s s  

than  6 n. m i .  out .  T r a f f i c  was genera ted  f o r  each o f  t h e s e  r o u t e s .  

The t r a f f i c  was genera ted  by f l y i n g  t h e  rea l - t ime s i m u l a t o r  

a long  these a l t e r n a t e  r o u t e s  and t h e  STAR. The necessary  s t a t e  

v a r i a b l e s  were recorded f o r  reproduct ion  a t  4-second i n t e r v a l s .  

Merging t h e s e  record ings  provided a master  t ape  which conta ined 

s e v e r a l  o t h e r  a i r c r a f t  t h a t  were spaced i n  a predes igned manner. 

The combined p r e s e n t a t i o n  o f  t r a f f i c ,  a l t e r n a t e  r o u t e  s t r u c t u r e ,  

and STAR geometry was d i sp layed  t o  t h e  p i l o t  on t h e  RNAV d i s p l a y  

device . 
The two STAR r c u t e s  and combined t r a f f i c  recording2 were 

l a b e l e d  case A and case  B. The o b j e c t i v e s  a s s o c i a t e d  wi th  case  A 

were : (1) t o  o b t a i n  s u b j e c t i v e  opinion regard ing  t h e  monitoring 

8 



descending, d e c e l e r a t i n g ,  s h o r t  f i n a l  s ~ r i v a l  r o u t e  w i t h  a  merge 

between t r a f f i c  a r r i v i n g  on an i n t e r s e c t i q g  r o u t e .  The "l ive1 '  

s imulated a i r c r a f t  was ass igned t h e  number two l and ing  sequerice 

s l o t .  The number one a i r c r a f t  f o r  l and ing  w&s a r r i v i n g  v i a  t h e  

s t r a i g h t - i n  approach path  and t h e  number t h r e e  a i r c r a f t  appeared 

along t h e  6 n .  m i .  i n t e r c e p t  approach path.  The t a s k  r e q u i r e d  a 

merge o f  t h e  " l i v e v  s imula to r  a i r c r a f t  adequate ly  spaced ( 3  m .  m i .  

of t r a f f i c  dur ing  an approach, and (2 )  t o  measure t h e  time/speed 

management of a curved, descending, d e c e l e r a t i n g ,  s h o r t  f i n a l  

approach fo l lowing a l e a d  a i r c r a f t  i n  t h e  approach s i t u a t i o n .  The 

s c e n a r i o  contained t h r e e  canned t r a f f i c  a i r c r a f t  and t h e  " l i v e w  

s imula t ion ,  Figure 6. The " l i v e v  s i m u l a t i o n  was sequenced number 

t h r e e  i n  t h e  l and ing  p a t t e r n .  The number one sequenced a i r c r a f t  

appears  a long  t h e  s t r a i g h t  approach r o u t e  and t h e  number two 

a i r c r a f t  appears  a long  t h e  DORA 1 STAR ahead o f  t h e  " l i v e "  s i m u l a t o r  

a i r c r a f t ,  thus  providing l e a d  t raff ic .  The number f o u r  sequenced 

a i r c r a f t  was flown on t h e  i n t e r s e c t i n g  a l t e r n a t e  pa th .  The 
' , 

r e l a t i v e  p o s i t i o n s  o f  t h e  t r a f f i c  and t h e  " l i v e n  s i m u l a t i o n  
i 

a i r c r a f t  as shown i n  Figure 6 r e p r e s e n t  t h e  i n i t i a l i z a t i o n  o f  t r a f f i c  
1 

t apes  i n  case  A .  

The second approach pa th  and t r a f f i c  s c e n a r i o ,  case  B, 

Figure 7 ,  contained twc t r a r f i c  a i r c r a f t  p l u s  t h e  " l i v e w  s i m u l a t o r  

a i r c r a f t .  The o b j e c t i v e s  of  t h e  case  B des ign  were: (1) t o  o b t a i n  

s u b j e c t i v e  cp in ion  regard ing  t h e  monitoring o f  t r a f f i c  dur ing  an  

approach, and (2) t o  measure t h e  time/speed management of a  curved, 

minimum) between the  two o t h e r  a i r c r a f t  a t  approximately 3 n. m i .  



from th resho ld .  F igure  7 shows t h e  i n i t i a l  p o s i t i o n s  o f  t r a f f i c  ,J,. 
and t h e  s imula t ion  a i rcraf t  o f  t h e  above s c e n a r i o  a t  t h e  s tar t  of 

t r a f f i c  t apes .  F igure  8 con ta ins  a photograph o f  t h i s  scene  as I 

presented  on t h e  RNAV d i s p l a y .  

Range and bea r ings  r e l a t i v e  t o  t h e  " l i v e "  s i m u l a t o r  p o s i t i o n  

f o r  both case  A and case  B test cond i t ions  a r e  given i n  Tables I 

and I1 f o r  i n i t i a l  o r i e n t a t i o n  o f  o t h e r  a i r c r a f t ,  assuming t h e  

" l i v e "  a i r c r a f t  a t  waypoint QUARY. The t r a f f i c  r ecord ings  f o r  both  

s i t u a t i o n s  desc r ibed  above were t r a n s f e r r e d  t o  c a s s e t t e  t apes  and 
. . 

a method t o  a l low t h e  i n s e r t i o n  of t h i s  informat ion  i n t o  t h e  RNAV 

d i s p l a y  on t h e  f l i g h t  a i r c r a f t  was c r e a t e d  f o r  f u t u r e  f l i g h t  t e s t  

evalt!ations. 

, =. Experimental Design and Tes t  Procedure 

The experiment des ign  mat r ix  was augmented a s  t h e  experiment 

proceeded and r e s u l t s  were ob ta ined .  I n  t o t a l ,  t h e  des ign  took on 

t h r e e  phases.  I n i t i a l l y  t h e  t e s t s  involved a s i n g l e  c o n t r o l  mode 

f o r  automatic  s p a t i a l  pa th  c o n t r o l ,  a 3-D nav iga t ion  n; ,de. Manual 

t h r o t t l e s  were used f o r  compliance wi th  t h e  speed p r o f i l e  and a l l  

i n i t i a l i z a t i o n  of  t r a f f i c  was begun a t  waypoint GIJARY. T'le no 

. , t r a f f i c  runs  were randomly in termixed w i t h  t h e  d i s p l a y  o f  t r a f f i c  

. 
runs.  E i g h t  t r i a l s  were conducted f o r  each case .  

. . 

The ope?at ing i n s t r u c t i o n s  t o  t h e  s i n g l e  t e s t  s u b j e c t  were t o  

maintain t h e  STAR r ~ o u t e  speed p r o f i l e  f o r  t h e  no  t r a f f i c  t r i a l s  and 

I the  t r a f f i c  t r i a l s .  Manual t h r o t t l e  mantp~!lation was r e q u i r e d  

throughcut t h e  experiment a s  w e l l  as cognizance o f  o t h e r  t r a f f i c  



p o s i t i o n s  when t r a f f i c  was displayed.  The tes t  s u b j e c t  was a180 

i n s t r u c t e d  t o  maintain,  as a s a f e t y  s t andard ,  a t  least a 3 n.  m i .  

s e p a r a t i o n  between h i s  a i r c r a f t  and o t h e r  a i r c r a f t .  The s a f e t y  

s t andard  was t o  have precedence over  mainta in ing a speed p r o f i l e  

b u t  d3d no t  imply t h a t  a 3 n .  m i .  s e p a r a t i o n  s t a t i o n  keeping was 

t h e  p r i n c i p a l  t a s k .  

A second phase o f  experiments  was developed i n  o r d e r  t o  

f u r t h e r  a s c e r t a i n  whether o r  n o t  t h e  test s u b j e c t  was e f f e c t i v e l y  

monitoring t h e  movement and spac ing  o f  t h e  t r a f f i c .  The s t a r t  of  

t h e  recorded d a t a  r e p r e s e n t i n g  t r a f f i c  p o s i t i o n s  was va r i ed .  A 

normal s tart  was randomly mixed wi th  a 10-second l e a d  s t a r t  and a 

10-second l a g  s tar t .  This  procedure was a p p l i e d  t o  both  case  A 

and case B. I n  t h e s e  t e s t s  spac ing  was emph-sized bu t  again  a 

3 n.  m i .  s e p a r a t i o n  was only a s a f e t y  s t andard ,  no t  t h e  primary 

goal .  P r e s e n t a t i o n  o f  t r a f f i c  on the  RNAV d i s p l a y  was suppresst.3 

u n t i l  1 5  seconds a f t e r  passage o f  waypoint QUARY i n  t h e s e  runs  s o  

t h a t  a normal, l e a d ,  o r  l a g  s t a r t  o f  t r a f f i c  could n o t  be 

determined s o l e l y  by t h e  appearance of t r a f f i c  on t h e  d i s p l a y .  

Five t r i a l s  f o r  each of t h e  t h r e e  s t a r t  cond i t ions  were conducted 

i n  t h i s  phase o f  exper imenta t ion .  

The t h i r d  phase involved r e p e a t i n g  t h e  above two phases us ing  
i 

v e l o c i t y  c o n t r o l  wheel s t e e r i n g  (VEL CWS) and manual t h r o t t l e s .  

L t  was assumed t h a t  t h i s  expansion o f  t h e  c o n t r o l s  f a c t o r  would 

provide some measure o f  t h e  e f f e c t  of inc reased  workload on t h e  

t e s t  s u b j e c t .  The t e s t  runs  were a l t e r n a t e d  between case  A and 

case  B and t h e  type of s t a r t s  were randonly s e l e c t e d  wi thout  t e s t  

11 



s u b j e c t  knowledge. Howeve % , $he choice of  case  A o r  c a s e  9 was 

known. 

Measurements 

Time a t  va r ious  p o i n t s  a long  t h e  p a t h  and range t o  o t h e r  

t r a f f i c  were recorded as t h e  "live11 a i r v a f t  changed l e g s  (waypoints)  

i n  t h e  des ignated  path .  Time and range t o  o t h e r  t r a f f i c  was a l s o  

recorded.  Continuous s t r i p  c h a r t s  were maintained f o r  each run.  

These recordings  inc luded t ime h i s t o r i e s  of  range t o  each t r a f f i c  

a i r c r a f t ,  d i s t a n c e  t o  go a long  t h e  des igna ted  pa th ,  ground speed,  

and time e r r o r  a long  path .  S u b j e c t i v e  opinion was ga thered  

dur ing  a l l  of  t h e  experiment.  

RESULTS AND DIS CUSS I O N  

The s t andard  f c r  performance (performance impl ies  t ime)  was 

e s t a b l i s h e d  by a l lowing  t h e  s imula te?  a i r c r a f t  t o  o p e r a t e  i n  t h e  

4-D nav iga t ion  mode 2long t h e  p r e s c r i b e d  path .  The same i n i t i a l  

condi t ions  were used f o r  a l l  t r i a l s  a long a given path .  For case A ,  

t h e  e s t a b l l .  .led s t andard  was 180 seconds f o r  t h e  a i r c r a f t  t 3  

t r a v e r s e  between waypoints QUARY and NORMA. Case B s t a n d a r d  

time was 192 seconds between waypoints QUARY and NORMA. Waypoirt 

ilORMA was chosen as t h e  c e n t r a l  examination p o i n t  s i n c e  i t  

r e p r e s e n t s  approximately 3 n. m i .  from t h e  touchdown zone and was 

t;be t u r n p o i n t  toward f i n a l  approach l eg .  Thus, t h e  p o r t i o n s  o f  

focus of  e i t h e r  case A o r  case B dur ing  t h e  fo? lowing d i s c u s s i o n  was 

from approximate s t a r t  of  t r a f f i c  d i s p l a y  t o  t u r n  toward F i n a l  

approach (waypoint QUARY t o  waypoint NORMA). 



The format f o r  grouping r e s u l t s  was t o  treat each case as a 

separa te  e n t i t y  with regard t o  t h e  a n a l y t i c  mehsures and t o  group k 
the  subJect ive  data co l l ec t ive ly .  Both time and d i s tance  results 4 e 

were avai lable .  However, s i nce  t h e  t r a f f i c  tapes  are non-interactive,  
j 
1 .  

i 
these  measures are r e a l l y  l i n e a r l y  dependent and the re fo re  only j 

I 

1 
dis tance  i s  presented. 

Case A 

Table I11 presen ts  t he  mean d i s tances  and t h e i r  assoc ia ted  

standard deviat ions  f o r  case A data ,  These r e s u l t s  a r e  grouped 

between (1 )  with and without t r a f f i c  p resen ta t ion  f o r  a normal 

start o f  the  t r a f f i c ,  Table IIla, and ( 2 )  var ious  s tar t  pos i t i ons  

f o r  the  taped t r a f f i c ,  Table IIP. The t a b l e s  span the  two con t ro l  

l eve l s  assoc ia ted  wi th  the  experiment. 

The r e s u l t s  i n  Table IIIa show a  p a t t e r n  of increased 

separat ion f o r  t h e  condit ion where t r a f f i c  was presented. Analysis 

of  variance (ANOVA) t e s t i n g  ind ica ted  t h a t  t h e  d i f f e r ence  between 

with and without t r a f f i c  p resen ta t ion  was s i g n i f i c a n t  above t h e  

95 percent  confidence l eve l .  The comparison of  control  l e v e l  a l s o  

ind ica ted  s i g n i f i c a n t  d i f fe rences  above the  95 percent  confidence 

l eve l .  The i n t e r a c t i o n  term did  not  i n d i c a t e  a s i g n i f i c a n t  

d i f forence.  Examination o f  t he  standard deviat ions  showed a  

s i g n i f i c a n t  d i f fe rence  between the  two t r a f f i c  cases wi thin  t he  

manual con t ro l  l e v e l  bu t  not  f o r  t he  3-D cont ro l  l eve l .  

The ind ica t ions  presented by these  da ta  a r e  t h a t  the  t e s t  

sub jec t  was conscious of t r a f f i c  and thus  a backing o f f  o r  increased 



separa t ion  e f f e c t  occurred. An Increase  In t h e  v a r i a b i l i t y  of 

separa t ion  was de tec ted  when t r a f f i c  was presented i n  t he  manual 

cont ro l  level- r eau l t s .  

The data shown i n  Table I I I b  provide a comparison of p i l o t  

i n t e r a c t i o n  with t h e  presen ta t ion  of t r a f f i c  when the  spacing o f  

t h e  t r a f x c  w a s  cons i s t en t  with and askew with  t h e  proposed a r r i v a l  

route .  In o rde r  t o  i l l u s t r a t e  what happens when t h e  tape  d r i v i n g  

the  o t h e r  t r a f f i c  w a s  started normally o r  delayed by 10 seconds o r  

s t a r t e d  e a r l y  by 1 0  seconds, Figure 9 shows the  t h e o r e t i c a l  spacing 

f o r  each of the  t h ree  condi t ions  when examired a t  waypoint NORMA. 

With case A, t h e  a i r c r a f t  was dssumed t o  a r r i v e  a t  t he  t h e o r e t i c a l  

s i o t  shown i n  t h i s  f i ~ u r e .  A s  can be r e a d i l y  seen i n  t he  l a g  case 

r e s u l t s  i n  Table I I I b ,  both con t ro l  conf igurat ions  show a marked 
. . 

deviat ion from the  t h e o r e t i c a l  s l o t  spacing o f  2.75 n. mi. In  

order  t o  achieve adequate spacing, a s  the  r e s u l t s  i nd i ca t e ,  t h e  

test sub jec t  had t o  monitor the  pos i t i on ing  o f  the  o t h e r  t r a f f i c  

arid make devia t ions  i n  terms o f  speed cont ro l  from the  proposed 

a r r i v a l  path. This is  in t e rp re t ed  as  a  f u r t h e r  i nd i ca t ion  t h a t  the  

t r a f f i c  pos i t inns  were being e f f e c t i v e l y  monitored. 

The r e s u l t s  o f  the  lead  t r ia ls  show a very s l i g h t  dev ia t ion  

from the  t h e o r e t i c a l  spacing assoc ia ted  wi th  t h i s  type of s tart ,  

but  not  as l a rge  a s  those i n  t he  l a g  s tar t  t r i a l s .  However, t he  

spacing afforded by t h i s  type of  s tart  d id  not  e x e r t  any spacing 

pressure (such as a 3 n. m i .  v i o l a t i o n )  on t h e  s imuiat ion a i r c r a f t  
I i 
I ' 

I 1 and, thus,  there  was no incen t ive  t o  make adjustments o the r  than 
:j 
4 r e a l i z i n g  t h a t  t h e r e  was a l a r g e r  gap between the  s imulat ion 



a i r c r a f t  and t h e  t r a f f i c  in f ron t .  An i nd loa t ion  o f  t h e  d i f f i c u l t y  

o f  the  l a g  start, r e l a t i v e  t o  t h e  o t h e r  two traffic arrangements 

i n  Table IIIb, can be seen I n  t he  increased va r i a t i on  over  the  

o ther  two starts,  even though t h i s  v a r i a t i o n  was not found t o  be 

s i g n i f i c a n t l y  d i f f e r e n t .  

The lag s ta r t  appears t o  be t he  most d i f f i c u l t  condi t ion f o r  

t h e  case A por t ion  of  the  s tudy and these  starts contain  t he  most 

va r i a t i on  i n  da ta ,  bu t  t he  d a t a  i n d i c a t e  a cognizance of  t r a f f i c  

with co r r ec t ive  ac t ion  toward maintaining the  3 n. m i .  s a f e t y  

standard . 

Case B 

The mean dis tances  and t h e i r  assoc ia ted  s tandard dev ia t ions  

f o r  case B a r e  presented i n  Table IV.  These r e s u l t s  a r e  grouped 

i n  the  same manner as those  i n  case A. 

The r e s u l t s  of Table I V a ,  when compared t o  the  standard,  show 

a t rend  toward reducing t h e  spacing between a i r c r a f t .  Real iz ing 

t h a t  the  proposed s l o t  provides a spacing gap of 3.75 n. m i . ,  t he  

sligrlt t rend was toward less separation, although t h a t  was not the  

primary task .  

The r e s u l t s  of  ANOVA t e s t i n g  were t h a t  con t ro l  l e v e l  e f f e c t s  

were not s i g n i f i c a n t l y  d i f f e r e n t  a t  o r  above the  90 percent  

confidence l e v e l ,  but  d i f fe rences  between with and without t r a f f i c  

presenta t ion were found t o  be s i g n i f i c a n t  a t  a confidence l e v e l  of  

94 percent .  Again the  i n t e r a c t i o n  term d id  not  show a s i g n i r i c a n t  

difi 'erence. A s  was the  r e s u l t  i n  case A da ta ,  the  standard 



deviations associated with manual control  were s ign i f i can t ly  

d i f ferent .  In addition,  for  case B t h e  standard deviations asso- 

cia ted  with automatic (3D) w e r e  a l s o  found t o  be s ign i f i can t ly  

d i f ferent .  

These r e s u l t s  ind ica te  t h a t  the presentation o f  t r a f f i c  

produces a measurable e f f e c t  on the  path following task,  and when 

t r a f f i c  was present there  are apparent trends toward cJ.osing the 

gap between a i r c r a f t .  An increased v a r i a b i l i t y  occurs when t r a f f i c  

monitoring was required. 

Table I V b  presents data  grouped i n  accord w i t h  various start  

points of the f ixed ( i n  time) t r a f f i c  tape. The theore t i ca l  

spacing s l o t s  f o r  the simulator a i r c r a f t  under the three d i f fe ren t  

conditions a r e  shown i n  Figure 10. Again, the standard time was 

assumed t o  determine the theore t i ca l  s l o t s .  Observing the  da ta  i n  

Table IVb, the general trend is  toward reducing the separation w i t h  

regard t o  the theore t ica l  s l o t  posit ion.  In general, more of a 

trend toward closlng the spacing gap was noted within the manual 

control mode. 

I n  the lead start, where there was a wide margin between the 

f ront  t r a f f i c  and the simulator a i r c r a f t ,  reductions i n  spacing 

occurred f o r  both control configurations. Lag and normal start 

r e s u l t s  a l s o  indica te  a spacing reduction but not of the  magnitude 

observed i n  the lead case. The trend toward reduction i n  spacing 

i s  c o n s i ~ t e n t  although spacing was not the primary task.  These 

trends are  in terpre ted  as  evidence of cognizance of t r a f f i c  

posit ions.  The standard deviations comparison indica tes  t h a t  the 
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l a g  start was again the most d i f f i c u l t .  Testing ind ica tes  t h a t  the  

differences between the l a g  and normal standard deviations are i 
s ign i f i can t  a t  the 95 percent confidence leve l .  

Subjective Results 

. [ The subject ive data  did not. r e s u l t  from a formal questionnaire : I '  
but were a general gathering o f  informal feel ings following various 

t , .c 

.: 1 sessions. The workload between cont ro l  mode configurations was a I 

$ c lea r  i ssue  and was, as expected, notably higher with the manual 1 ,  . . 
-3 % ,  

I ; 

control  mode. It was f e l t  t h a t  the follow s i tua t ion ,  case A, was . . 

more demanding than the  merge s i t u a t i o n ,  case B, and when coupled . 
s' 

with the rnanual control  mode, a marginally acceptable condition 

exis ted.  %is conclusion must be tempered with the f a c t  t h a t  a 

, I learning e f f e c t  seems to  be embedded within the manual control mode 

t r i a l s ,  a s  the opinion of acceptabi l i ty  seemed t o  be s h i f t i n g  f o r  

the bette- i n  l a t e r  sessions.  

t 

CONCLUDING REMARKS 2 

The two cases, A and B, represented d i f fe ren t  s i t u a t i o n s  w i t h  

which the t e s t  subject  had t o  cope, but cer ta in  trends were estab- 

l ished t h a i  were very s imi lar .  Signif icant  differences i n  speed 

profi: performance were noted i n  both cases f o r  the presentat ion 

of c raf f ic .  There was a l so  a s ign i f i can t  difference i n  standard 

deviations noted under both cases when t r a f f i c  was presented. The 

l a g  s t a r t ,  vilere t r a f f i c  was presented with l e s s  separation than 

normal, proved t o  present the most d i f f i c u l t  task i n  both cases,  



Control l e v e l  d i f fe rences  w e r e  i nd i ca t ed  only i n  t he  case A 

o r  follow s i t u a t i o n .  V a r i a b i l i t y  di f ferences  between con t ro l  l e v e l s  

were no t  cons i s t en t ly  i n  favor o f  one mode al though sub jec t ive  

opinion Indicated a d e f i n i t e  separa t ion  on the  b a s i s  o f  workload 

i n  favor of t h e  automatic; 

A t rend  toward reducing separa t ion  In  each o f  t he  s i t u a t i o n s  

i n  which a s a f e t y  s tandard v i o l a t i o n  was not  r e a d i l y  apparent was 

noted, There seemed t o  be a n a t u r a l  tendency toward reducing t h e  

spacing gap, even when t h i s  was not  t h e  primary task ,  when 

pos i t ions  of  t r a f f i c  were presented,  Fur ther  experiments would be 

required t o  s u b s t a n t i a t e  t h i s  e f f e c t .  Overall ,  t h e  r e s u l t s  

d e f i n i t e l y  show that  presen ta t ion  o f  t r a f f i c  pos i t i ons  was observed 

and comprehended f a i r l y  w e l l ,  

The method o f  providing t r a f f i c  t o  t he  displayed,  pre-recordec 

t i m e  based records of a c t u a l  simulation f l i g h t s ,  has shown i t s e l f  

t o  be a valuable experimental t o o l  wi thin  i t s  apparent  l i m i t a t i o n s  

and assumptions. T h i s  concept has given the  experiment designer a 

simple means of arranging a r e a l i s t i c a l l y  flown, repea tab le  s i t u a t i o n .  

Within the  l i m i t a t i o n  o f  assumption t h a t  the  t r a f f i c  i s  non- 

i n t e r a c t i v e ,  s t a t i s t i c a l  measures can be accumulated a3%:ithout t he  

add i t i ona l  burden of  accounting f o r  randomness i n  the  t r a f f i c  

presenta t ion.  This pre-recorded da t a  can be converted t o  proper 

formats and placed upon c a s s e t t e  t apes  f o r  use i n  compatible f l i g h t  

vehic les .  Whereas t he  r e s u l t s  of t h i s  prel iminary experiment have 



produced what are bel ieved to be va l id  trends, a note of cact ion 

should be observed i n  that  a s i n g l e  t e s t  subject was used and 

further t e s t i n g  would be required for  broadly applicable r e s u l t s .  
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TABLE I.- CASE A INITIAL RANGE AIVD BEARING OF 

TRAFFIC RELATIVE TO LIVE SIMULATION AIRCRAFT. 

T r a f f i c  
I 

Ran- 

(Sequenced) (n. ~d.1 

B e a r i n g  

A/C 1 7.2 263 ( 9 o 'c lock)  

A/C 2 3 . 3  287 (10 o 'c lock)  

A/C 4 10.6 003 (12 o 'c lock)  

TABLE 11.- CASE B INITIAL RANGE AND BEARING OF 

TRAFFIC RELATIVE TO LIVE SIMULATION A; RCRAFT.  

T r a f f i c  Range B e a r i n g  

(Sequenced) (n .  m i . )  (deg) 

289 ( 1 0  o 'c lock)  

0 0 3  ( 1 2  o ' c lock)  



TABLE 111.- CASE A RESULTS 

Standard = 3.1 n. mi. 

(a )  Normal s tar t  o f  t r a f f i c  grouping.  

r 
Manual 

(VEL CWS) 

Automatic 
( 3D) 

S tanda rd  = Standa rd  = Standa rd  = 
3.1 n.  mi. 3.4 n. m i .  2.75 n .  m i .  

Without 
Traffic 

? = 3.C7 
s = 0.047 
n - 8  

F = 2.99 
s = 0.073 
n = 8  

(b )  Variable s t a r t  o f  t r a f f i c  grouping.  

* 

With 
T r a f f i c  

- 
x = 3.20 
s = 0.091 
n = 8  

d 

x = 3.07 
s = 0.077 
n = 8  

Manual 
(VEL CWS) 

Automatic 
( 3D) 

Lag 

- 
x = 2.96 
s = 0.110 
n = 5  

- 
x = 3.03 
s = 0.084 
n = 5  

Normal 

Ti = 3.20 
s = 0.091 
n - 8  

y = 3.07 
s = 0.077 
n - 8  

Lead 

- x = 3.32 
s = 0.089 
n = 5  

T = 3.26 
s = 0.071 
n = 5  



TABLE 1V.- CASE B RESULTS 

S tanda rd  = 3.15 n.  m i .  

I Without With 
T r a f f i c  T r a f f i c  

Manual 
(VEL CWS) 

( a )  Normal s t a r t  o f  t r a f f i c  grouping.  

S t anda rd  = Standa rd  = Standa rd  = 
3.75 n .  m i .  4 . 1  n .  m i .  3.4 n. m i .  

( b )  V a r i a b l e  s tar t  o f  t r a f f i c  grouping.  

Manual 
(VEL CWS) 

Automatic 
( 3D) 

Normal 

x = 3.56 
s = 0.125 
n = 8  

x = 3.68 
s = 0.139 
n = 8  

Lead 

x = 3.76 
s = 0.126 
n = 5  

x = 3.69  
s = 0.108 
n = 5  

Lag 

x = 3.24 
s = 0.161 
n = 5  

x = 3.38 
s = 0.144 
n = 5  
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