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DETERMINATION O F  THE DAYTIME CONSPICUITY O F  A 
SMALL AIRPLANE IN A TERMINAL AREA* 

SUMMARY 

The average  detechon  distance  for a small  smgle-engme  alrcraft  was  determined In a 
termlnal  area  durlng  daytune V€R condltrons Pilots  were  exposed to actual  midair  collrslon 
sltuations by havlng  another  normally  parnted  and  equlpped  alrplane  approach  on various 

the  sub~ect   plht   detected the  approachlng  airplane  Also,  the  pllot's reactions and performance 
colhsion  courses  The  separatlon  dlstance  between  the two aircraft  was  recorded at the tune 

were  recorded  as  the two alrcraft contlnued to converge. 

pilot  was  requlred to fly  three  colks1on  courses  for a total of 7 5  test  flights.  Each  collision 
course  conslsted of a different terminal  area  maneuver  The  three  maneuvers  were  depar- 
ture and cllmb-out.  stralght-in  approach, and a right  turn-In  approach  During  each  maneuver, 
the target  airplane was  on  a 90' converglng  course  with  the  subject  pllot's  alrplane,  requring 
a 45' left  vlsual  angle  for  the  subJect to detect  the  approacbrng  target 

SubJect  pllots  were  orlented  and  briefed In such  a  manner  that  they  were  unlnformed 

wlth another  airplane  Normal  workload  conditions  which  exist  In  the  cockplt  when  alrcraft 
aa to the true  purpose of the  fllghts  and  were  unaware that they  were f lymg collision  courses 

a re  flymg in  a  terminal  area  were dupllcated  for  each  collislon  course 
Eleven  pilots  falled  to  detect the target  aircraft  when f lpng the  departure and cllmb 

maneuver  The  average  detection  distance  for  the  14  pilots who detected the target  aircraft  
was 0 85 mile  Ten  pllots  faded to detect  the  target  aircraft when flpng  the  straight-in 
approach  maneuver and five  pilots  falled to detect  the  target  aircraft  when flying  the right 
turn-in  approach  The  average  detectlon  distances  for  the 15 pilots who detected  the  target 

craft  while flying  the rlght  turn-m  approach  were 1 3 mlles and 1 05 mller.  respectively  The 
aircraft  whlle f lpng the straight-m  approach and for  the 19 p l o t s  who detected  the  target alr- 

average  detectlon distances for the  informed  observers who knew the exact  angle  of  approach 
of the  target  aircraft  were 2 8 rnlles. 4.0 miles. and 4 3 miles,  reepechvely,  for  the  departure 
and clmb,  straxght-m  approach, and right  turn-in  approach 

of private  pllots flymg small  smgle-engme  alrplanes  in  a  terminal  area  under normal V F R  

procedures  are developed by each indlvrdual,  however.  due to the workload  in  the  cockpit,  they 
condltlons  The  pllotc'  performance  may be mproved if better  search  hablts and  cockpit 

cannot be expected  to  detect  an  alrcraft  at  threshold  (the  greatest  dlstance  that  the  alrcraft 
can  be  detected and  ldentlfled  as  such  with  the  naked  eye)  The  results  also mndlcate the  need 
for  unprovlng  alrcraft  consplculty and the  need for  a  pronmity warning  devlce to help  the 
pilot  detect  other  aircraft  msually  There IS an  indlcation  that  pllots  are  unable to recognize 

detectlon,  until  the two airplanes have reached  dangerous  proxunity to each  other T h ~ s   m a y  
Impending  colllslon  situations  in  flight, by the aspect of an  approacbrng a r c r a f t   a t  the  time of 

be due to the small  area  presented by a  small  pnvate-type  airplane  The  average  separation 
drstance  at  the txme of detecbon was greater  for  the  stralght-ln  approach and  the turn-m 

pornt,  than for  the  departure and climb  maneuvers when  the two arrcraft had some  vertrcal 
approach  maneuvers,  when both a r c r a f t   w e r e  flymg stralght and level  prior to the convergence 

separatlon  This  may  lndlcate  that  altitude  separatlon  at  the t m e  of detectlon  adds to an 
already confusing sltuatron w ~ t h  whlch  pllots  are  elther  unfamihar  or  Incapable of recognlzmg 
as dangerous 

Twenty-flve prlvate and business  pilots  volunteered  thelr  servlces  for  the  study  Each 

The results of these  studies  indicate  the  average  performance  that  mlght be expected 

INTRODUCTION 

The aviation Industry  has  become  cognizant of the  growmg mldalr  collislon  problem 
arlslng  from both Increased  air  trafflc and increased  alrcraft  speeds  Realizmg the  magnitude 

*Manuscript submltted  for  publicatlon  January 1959 



2 

of the  problem as   ear ly  as 1948. the  Technlcal  Development  Center  (TDC)  began  Investlgat1ng 
the  varrous  factors  assoclated  with  midarr  collrsloas  This w a s  done to assemble sufficient 
data to be used  as a basls  for  recommendations  and  as  a  yardshck to measure  the  effectlveneas 
of developments  aimed at reduclng this hazard 

arrcraft  and  have  resulted  In estabhshng  a portion of  the  technical knowledge assoclated wi th  
A majorlty of the investigatrons and studies have  concerned vlsual  avoidance of 

the  related  problems 102.3 A recent  study of past  mldalr  collisrons4  revealed  that 88 per  cent 
of the  colllslons  involved  either  approaches  from the srde  sectors  or one  arrplane  overtaking 
another  from  the  rear  sector wl th  relatrvely  moderate  rates of closure,  such  that  Improved 
vlslbllrty  from  the  cockplts  and  better  scanrung  hablts of the  pilots  might  have  been  slgnlf1cant 

affect  the  pllots'  ablllty to nee  and  analyxe  a  colllsion  srtuatlon  The same  study  clted above 

durlng  dayhght  hours  when  vislblllty  was good. and  that  small  prlvate-type  alrcraft  were 
also  mdrcated that 90 per  cent of past  midalr  colllslons  occurred  wlthrn 5 mrles of an  alrport 

Involved in  the  majorlty of those  colllslons  Therefore,  the stlrdy reported  herern  was  desleed 
tn uncover  and  Investigate  some of the  problems  assocrated  wrth  detecting  and  avoidlng  small 
slngle-engme  alrcraft  In a termlnal  area  Thus,  a  more  complete  technlcal  basrs would be 

termlnal  areacondrtlons  These  records  can now be used to form  a basis or yardstick  for 
available for  evaluatlng  alds to consplcuity, and proxlmlty  warnmg o r  anticolhslon  dences  In 

determlmng the  extent  that  ards or  dences  may  Improve  conspicuty of alrcraft  under  slmilar 
conditrons 

Conslderatlon of visual  colllsion  avoldance  must  recognize  human  llmrtatlons  that 

METHOD AND PROCEDURE 

Two Beechcraft  four-place  Bonmza airplanes were  used  for the  flights  In thls study 
One airplane  (hereafter  referred to as the  subject  aircraft)  was  plloted  by the subJect  pilot 
The  second  airplane  (hereafter  referred to as  the  target  alrcraft)  was flown  by  a  pilot who 
was  fully  aware of the  purpose of the tests and  had pracnced  Interceptlng  the  sub~ect  alrcraft 
durlng  prelimrnary  trral  flights. Both aircraft   were normally palnted  and  equipped.  The 
target  axcraft .   Flg 1, was  pamted to represent  the  scheme  normally  used by slmilar alrcraf t  
so as  not to appear obvrous to  the  sub~ect  It  was  palnted white on the top half of the  fuselage 

whlte  with gray  stabrllzer  tlps  and  the wlngs were  gray  wlth  whlte  trps.  The  numerals on both 
and gray on the  lower half wvrth a red  separating  color  sweep along tach   s lde  The tail  was 

fuselage  and wngs  were  red 
Twenty-five sub~ect  pilots  volunteered to donate  them  time  for ths study  Sub~ects 

were both male and  female, and thelr  normal  dally  occupatons  were  vaned  The  subjects 
were  brlefed  in  such a manner  that  they  were  uninformed  as to the  true  purpose of the  fllght 
and  unaware  that  they  would be flylng  colhslon  courses A diagram of the  corridors that each 

Flgs ,  2 and 3, respectlvely The  orlentatron  sheet  glven to each  pllot  prior to the fl@t 1s 
sub~ect  was  Instructed  to  fly  and  the  VFR  reference  map  used by the  subjects  are shown  In 

shown  In  Appendlx I The  sub~ect  was  accompanled by a  copilot who was  aware of the  collision 
courses  and  was  ready  to  take  over  control  of the alrplane  should  the  occaslon  demand 

accompanled  the  subject  and  was  lnstrumental  In  establlshlng  the  threshold  or  maxlrnum 
range  at which an  alrplane  of thls type  could  be  detected  Three  different TDC engineers 
served  as  observers  on the 25 fllghts  The  observers, lmowlng the  exact  drrectlon  from  whch 

An observer,  whose  primary  responsibllity  was  to  record  the  data on each  fllght,  also 

Relatlonshrps  Pertalnmg to Colllslon  Fllght  Paths."  Technrcal  Development  Report No 259. 
June  1955 

'Wayne D Howell  and  Thomas M Edwards,  "Determmatlon of Some  Geometric 

Standards  for  Transport-Type  Aircraft,"  Technrcal  Development  Report No. 275. February 1956 
'Thomas M Edwards  and Wayne D. Howell,  "Recommendatlons  on  Cockplt-Vlslbility 

T e c h c a l  Development  Report No 304. May 1957 
3Wayne D Howell,  "Determlnation of DaytIme  Consplculty  of  Transport  Alrcraft," 

to Mldarr  Colllsions of Atrcraft,"  Technlcal  Development  Report N o  322. October 1957 
4R Byron  Flsher  and Wayne D Howell, "An Investlgatron of Some Parameters  Related 
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the  target would approach,  were  tralned to flxate  thelr v1slon In the area  where the target 
f l r s t  would become  vlslble  and to record  the  correspondmg  check  polnt when the  target 
alrplane flrst was  detected 

flrghts  were  made  durmg VFR cond1tlons The  average  rate of closure  for the two alrcraf t  
on  course A was 186.5 mph and for courses B and C, 197.5 mph  The  vlsual  angle  from  the 
SubJect  alrplane to the target  azrplane  normally  rernalns  constant If both alrcraft  fly  stralght 

the  amcraft,  each alrplane  was flown over  clearly  deflned ground  check polnts and the  pllot 
c o l l ~ s ~ o n  Course5 and malntam constant  speeds To maintam a constant vlsual angle  between 

of  the  target  anplane  varled the speed of bls craft  to  colnclde  wltb  the  progress of the subJect 
alrplane To keep  the  SubJect  unrnformed  durlng  the  fllght,  the  coprlot  carrled  on  all  neces- 
sary  radio  communlcatlon wlth  the  prlot of the target  airplane and  the alrport  traffic  controllers. 

Envlronmental  condltions  such  as  the  weather,  reported  vlslbrllty, and the tlme of day  were 
A typical  record  sheet showing  the data  recorded  for  each  fllght 1s shown In Flg 7. 

the  SubJect to avold a posslble  colllslon. 
recorded,  as  well  as a time  hlstory of the  fllght  and the type of maneuver, If any, chosen by 

follows 

The three  colllslon  courses  used  for tb1.5 study  are shown In Flgs 4, 5,  and 6 ,  and all 

The  procedure  used  wlth  each  subJect  startlng wlth colllslon  course A, Flg .  4, was as 

OEP4RTURE AND  APPROACH CORRlWRS 
USED FOR PILOT  ORIENT4TION -.n- 1 I 

_1_,, 
1 lYIY 

Flg 2 Departure and  Approach  Corrrdors  Used  for  Pllot  Orlentation 
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Fig. 3 Subject  Pllots'  Reference Map 

map, and  then  was  given an  oral  brlefmg  before  each  fllght  Then he was  taken  to  the  arrplane 
to fly the three  colllsron courses. A, B, and C ,  In sequence. 

copilot  handled  all  radlo  communlcatlons  Earphones  were  used by the  copllot so  that  the 
subject pxlot could  not hear  any of the  communlcatlons 

acquainted wlth  the  feel of the  alrplane He then  was  asked tm fly a holdlng pattern  untll 

low pass  over  the  runway  or by a  touch-and-go procedure A low pass  over  the  runway  was 
clearance was  obtalned  from  the  control  tower  for  the  start of course A, erther  by  maklng  a 

used to srrnulate  the  takeoff, If t m e  was llmited While the  subject  alrcraft  was  taklng off and 
f l r n g  to Its holdrng posltlon, the  target  alrcraft flew to Its  startlng  polnt 

the pilot of the  target  alrcraft  by rad10 The target  alrcraft  speed  was  controlled so that It 
would arrrve  over  each  preselected  check pornt a t  the  prescrlbed time. 

was at the tune he detected the target  The separation dlstance  then  was  computed  from 
t h ~ s  Inform  ahon 

1  The  sublect  pllot  was  requested to read  thoroughly  the  orientatlon  sheet  and  study  the 

2 The  subject was glven control of the alrcraft  from takeoff through  landmg, but the 

3 The  sublect  was  Instructed by the  coprlot to take off and  fly for  a few minutes to get 

4 The copilot of  the subJect  alrcraft  coordmated the  flrghts by calllng off check pornts to 

5. The  observer m the subJect  azrcraft  recorded  the ground  cheok  pornts that  each  arrcraft 
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Flg .  4 Colllsion Course A 
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and  recorded  the  ground  check pointa over whlch each  alrcraft  was  flylng so that  the  aeparatron 
6 .  When the  subJect  pllot  detected  the  target  alrcraft. the observer  started a stop  watch 

dlstnnce  and  the  hstance to the  colllslon  point  could be computed- 
7. When the  pllot  made  an  evasive  maneuver to prevent  coll~sron,  the t h e  on the stop 

watch.  the  check  point  at  whlch  the  avoidance  maneuver  was  made. and the  type of evasive 
action  taken by the  pllot all were  recorded.  The  watch  was  stopped  when  the  target  amcraft 
reported  passlng the colhslon  polnt,  and  the  tune to collislon  was  recorded. 

8 If  the  subject  pilot  took no evasive actaon. the  pllot  in the target  aircraft  started  a 
c l m b  sufficient to mlss  the sublect  alrcraft T b s  ended the  test  run. 

The same  procedure  was followed for  the straight-m approach,  course B. F l g .  5. and 
the rlght  turn-In  approach,  course C. F1g. 6, except  that no low pass o r  touch-and-go  was 
made  over the runway  for  these two maneuvers 

DISCUSSION O F  RESULTS 

The  data  recorded  for  each  subject prlot for  the three colltslon courses and the 
observers'  detecbon  drstances  are  shown m Tables I, ll. and III Comparisons of the  observer 
and  subject  pllot  detectron  drstances  for  each  course are shown 1n Flgs 8, 9, and 10. and the 
averages of all  detectlous for the  three  courses  are shown in  Flg.  11  These  data  are 
dlscussed below 

Colllsron  Course A - Table I. 

course A was 0 47 rnlle, o r  an average of 9 5 seconds  prlor to a  collislon polnt. A total of 11 
pilots dxd not  detect  the  target  alrcraft  on thrs course and therefore  made no attempt to take 

was 0 85 mrle One subJect, D, detected  the  approachmg  alrcraft at the maxmum separattlon 
evaslve actron.  The average  separatlon  dlstance for the  14  pllots who drd detect  the  target 

dlstance  that  was  recorded,  yet  the  subject  falled to recogmze  the  approach of the  target  alr- 

maneuver  as  the two alrcraft  converged on the  polnt of colllslon  The  average  detectlon 
craft  as  dangerous,  lgnored r t s  posltlon  from  that  polnt  on,  and  &d  not  make  an avoidance 

separatlon  distance  for  the  observers, who were  aware of the target  posltlon with respect to 
the  subject  alrcraft,  was 2.82 rnlles.  or s1x h e s  greater  than  the  average  for all the PllOts 
Thls w a s  due  malnly  to  the  fact  that  they knew where to look It IS believed  that  the  dlfference 

The  average  detectton  separatlon  drstance of the two alrcraft  for  the 25 pilots on 
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DAYTIME STUDY 

Course A 

Check  Polnt 1 Time 32 

Maneuver  Polnt z Trme 1 8  

Weather 

Clear 

L t  Haze 

I L/ 

Maneuver RIGHT TURN 
Overcast 

Observer  Check  Pornt  Target  Check  Polnt & 

Course B 

Check  Point 0 Tlme 0 Llght 

Maneuver  Point 0 Tzme 0 Brlght Sunhght J 
Maneuver NON'E Dlm Sunllght 

Observer  Check  Point - 3 Target  Check  Point- 3 No Sun 

Course  C 

Check  Point .A Tlme 12 

Maneuver Pount z Tune 6 

Maneuver RGur DESCENT 

Observer  Check  Point 

/ 

I 
V1slbrllty /57' 

L 
Target  Check P o l n t a  

1 

Frg. 7 Typlcal  Flrght  Record 

In  detectLon range  was  Influenced by the  mental  and  motor  tasks of the p lo t   m the  cockplt whlch 
the  observer dld  not perform Also, the sub~ects  were not prone to scan In a vertxcal  dlrectlon 
On course A, the  SubJect  alrcraft  was  clunbmg to the  altltude  at whrch the  target  alrcraft  was 
f lpng The fact  that 14 of the 25 plots  made no attempt to avold  a  colllston after detectron  and 
that 8 of the  11 who did  initlate  actlon  walted  ut11  the a r c r a f t  were  wlthln 6 seconds or less 
of the  collrslon  pomt IS alarming and reflects  elther an  lnablllty to make  a  qulck  declslon  for 
self-preservatxon or an  mablhty to  recognlze  a  hazardous  colllslon condxtron, or both 

Colhsron  Course B - Table I1 

of 14  6 seconds  prlor to the p m t  of colllslon,  or  approxunately double the  dlstance  for  course 
The  average  detectlon  dlstance for the 25 pllots on course  B  was 0.78 mlle, an average 

A. A total of ten  pilots  mlssed  detectmg  the  target on thls  course. one less than  for  course A. 

detectlon  dlstance  for  the 15 detechons was 1 3 mlles The average  detectlon  range  for  the 
although  both alrcraft  were  on  stralght and level  fllght up to the  pomt of colllsron.  The  average 

observers on this  course  was 4 0 mxles, or more  than  five  tlmes  as  great  as the average  for 
all  plots,  agam  reflectlng  the  effect of "mnformed scannmg"  and  the  dlfference In workloads 
The observer's  range  for  thls  course IS 40 per  cent  greater  than  for  course A It  should be 
noted  In thls connectron that both arrcraft  were at the s a m e  altitude In course B whlch was not 



TABLE 1 

OBSERVER  DETECTION AND PILOT  PERFORMANCE IN TERMINAL  AREAS 
COLLISION  COURSE  A - DEPARTURE AND CLIMB 

SUBJECT 

A 
B 
C 
D 

P 
E 

G 
H 
1 

K 
J 

I. 
H 
N 
0 
P 
R 
s 
T 
U 
V 
W 
X 

z 
Y 

AVERAGES 

DETECTION  SEPARATION 
DISTANCE  (MILES) 

OBSERVER  SUBJECT 

3 2 5  
3 8  . 
1 3  
2 6  
3 25 

3 25 

2 6  
2 2 5  

3 25  
3 2 5  

3 2 5  
2 6  
3 25 

* 
* 

* 
I 

I 65 * * 
2 82  

0 
0 
0 

0 
2 20 

.IS 
1 2 5  
0 
2 20 

0 
0 

1 6  
80 

35 

1 00 
75 

0 
7 5  

0 
5 

0 
10 

1 
1 

0 

47 
n< 

DETECTION  TIME 

COLLISION EVASION 
(SEC I Pmon TO 

0 
0 

43 
0 

0 
3 

25 
0 

43 
0 

16 
0 

32 
7 

20 5 
I5 5 

15 
0 

10 
0 
2 
0 
2 

0 
2 

0 
0 
0 
0 
0 
1 

2 1  
0 

39 
0 

10 
0 

18 
2 

14 5 
5 5  

5 
0 
5 
0 
0 
0 
0 

0 
0 

_ _  
-0 OBSERVER  MEASUREMENTS MADE ON THESE  FLIGHTS 

NOTE 

16 8 8 6  

M-UM VISIBILITY IO MILES 
MAXD*UM VISIBILITY  UNLIMITED 

MANEUVER  POINT 
TO COLLISION POINT 
DISTANCE T M E  

IMI I (SEC I 
0 
0 
0 

0 
a 

05 
10 

10 
0 

0 
0 

45 
20 

15 

20 
30 

30 

15 

05 

0 

0 

0 
0 

0 
0 

08  
15 

0 
0 
0 
0 
0 
2 
4 
0 
4 
0 

6 
14 

5 
10 
6 

10 
0 
5 
0 
2 
0 
0 

0 
0 

2 7  
6 2  

a 

MANEUVER 
EVASIVE 

NONE 
NONE 
NONE 
NONE 
NONE 

DESCENT 
DESCENT 

NONE 
DESCENT 
NONE 
NONE 

DESCENT 
RT TURN 

DESCENT 
RT  DESCENI 
DESCENT 
DESCENT 
NONE 
DESCENT 
NONE 
DESCENT 
NONE 
NONE 
NONE 
NONE 

VISIBILITY 

15 LT  HAZE 
10 LT HAZE 
10 LT  HAZE 
15 LT HAZE 
15 LT  HAZE 
15 LT  HAZE 
15 
15 
15 

15 
15 

15 
15 
I2 LT  HAZE 
I2 LT  HAZE 
15 LT HAZE 
15 LT  HAZE 
15 LT HAZE 
I5 LT  HAZE 
12 LT HAZE 
12 LT  HAZE 
I2 LT  HAZE 
I2 LT  HAZE 

15 LT HAZE 
12 L T  HAZE 

FOR ALL  SUBJECTS 
FOR  ALL  DETECTIONS 

SKY 

OVERCAST 
BROKEN 

SCATTERED 
BROKEN 

SCATTERED 01 
CLEAR 

CLEAR 
CLEAR 

BROKEN 
SCATTERED 
SCATTERED 

CLEAR 
CLEAR 
C LEU 
C LEU 
CLEAR 

CLEAR 



9 

Fig  8 Observer  and  Subject  Detrctlon  Distance - Colllsion  Course A 
Departure and Climb 

the  case  in  course A Of the  13  pllots who initiated  an  avordance  maneuver on course B, 9 
waited untll 6 seconds or less  remained to avoid  the  colllslon When this is compared  with 
the  elght late recogrutions on course A, thcre is further  indlcation that a hazardous  coll~slon 

the  same  altitude 
aituahon cannot be recognlsed  nor a decision  reached  readlly  even when both azrcraft  are  at 

Collislon  Course C - Table UI 

average of 15 3 seconds  prior to col l~s~on  This   re f lec ts  the  performance of 24 pllots  since 
The  average  detectlon  separatlon  for  all  pllots  on  course  C was 0 84 mile,   or   an 

one of the  passes on course  C  had to deviate  because of conflicting traffic  The  average  detec- 
t~on separatlon  for  the 19 detectlons  was  1 05 miles.  There  were only  five mlssed  detections 
on this course, whlch may Indicate more  alertness by reason of the tvro prevlous  experiences. 
o r  an awareness that radio  commurucatlon  increased  for the coprlot prlor to a previous near- 
collision  expenence It also is possrble that early pilot  training,  to  always  scan or  "clear" 
an  area  before rnaklng a  turn,  was  Influential ~n the  mcrease 1n number of detectlons  for this 
course,  since  a  turn  was  necessary and  slnce  the  maJorlty of the  detections  were at close 
range.  However.  wlth  the  added  number of detections,  there  still  was no decrease ln the n u -  
ber of pilots who falled to inltiate  actlm uutrl b seconds  or  less  prior to the  point of colllslon 

the  target.  addlng  a  factor of difficulty to decislon  time  The  observer's  average  detectlon 
T h s  may be explalned  by  the  changmg  aspect of the subJect  alrcraft as it turned  rclatlve  to 

cating  that  about 4 mlles 1s a  vahd  detectlon  range  for  alrcraft of thls size on  stralght and 
range fbr thls  course  was 4 3 miles. T h s  was  approximately  the  same  as  course B. mdl- 

level  flight  The  records of performance  for  SubJects F, L ,  and X were  deleted when  they 
mdlcated  they  became  aware of the  true  Intent of the  fllght  durlng  thls  run  However,  the 
performance of subJect X does  not  indlcate an  lmprovernent m detectlon.  regardless of h16 
awareness,  as he did  not spot  the  target  alrcraft  untll 13  seconds  before  the  colllslon  polnt 



SUBJECT 

A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 
0 
P 
R 
s 
U 
T 

V 
W 
X 
Y 
z 

DETECTION  SEPARATION 
DISTANCE (MILES) 

OBSERVER  SUBJECT . 
2 0  
4 2  . 
4 2  
3 5  

4 6  
2 0  

4 6  
4 9  
4 6  
4 9  
4 2  
4 2  
3 5  
3 5  
4 2  
3 9  
4 2  
3 5  . 
2 8  
4 2  

AVERAGES 4 0  

0 
40 
35 

1 05 
0 

0 
1 30 

I5 

2 85 
1 0  

0 
I 40 

2 55 
IO 

1 IO 
I 20 
140 
2 35 
a 
0 
2 6 5  
0 
0 
0 
0 
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TABLE I1 

OBSERVER  DETECTION  *ND  PILOT  PERFORMANCE IN TERMINAL  AREAS 
COLLISION  COURSE B - STRAIGHT-IN APPROACH 

DETECTION T W E  

COLLISION EVASION 
(SEC ) PnIOR To 

0 
8 

20 
7 

24 
0 

0 

13 
3 

53 

26 
0 

47 
2 

20 
22 
26 
44 

0 
0 

49 
0 
0 
0 

14 6 
0 

0 

4 
6 

1 

20 
0 

0 
0 

50 
9 

I0 
0 

41 
0 

14 
I8 

40 
19 

0 
0 
36 

0 
0 
0 

11 3 

0 

.NO OBSERVER  MEASUREMENTS MADE ON THESE  FLIGHTS 

NOTE 

I 3 0  24 5 20  2 

MINIMUM VISIBILITY 10 MILES 
MAxDrluH WIBILITY UNLD4ITED 

MANEUVER POINT 
TO  COLLISION  POINT 
DISTANCE T W E  

(MI ) lSEC 1 
0 

05 

5 
10 

15 
0 

0 
0 

15 
10 

30 

25 
2 5  
15 
25 
15 

0 

0 

0 
0 

0 
0 
0 
0 

5 

23 
12 

0 
2 

13 
3 

0 

0 
4 

0 
4 
3 
0 

0 
8 

6 

4 
6 

1 
4 
0 
0 
13 

0 
0 
0 
0 

3 08 
6 2  

MANEUVER 
EVASIVE 

NONE 
R T  TURN 
DESCENT 

NONE 
R T  TURN 

NONE 
R T  TURN 

HONE 
R T  TURN 
DESCENT 
NONE 
RT TURN 
DESCENT 
DESCENT 
L T DESCENT 
CLIMB 
DESCENT 
DESCENT 
NONE 
NONE 

NONE 
NONE 
NONE 
NONE 

n T DESCENT 

VISIBILITY 

U LT HAZE 
10 LT HAZE 
IO LT HAZE 
15 LT HAZE 
1 5 L T  HAZE 

15 
15 LT  HAZE 

15 
15 
15 
15 
15  
15 
12  LT  HAZE 
12 LT  HAZE 
15  LT  HAZE 
15 LT  HAZE 
15 LT  HAZE 
15 LT  HAZE 
12 LT  HAZE 
I2 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
15 LT  HAZE 

.~ 

FOR  ALL  SUBJECTS 
FOR  ALL  DETECTIONS 



SUBJECT 

A 
B 
C 
D 
E 

G 
H 

Fl 

1 
J 
K 

M 
N 

Ll 

0 

R 
P 

s 
T 
U 
V 

3 
Y 
z 

AVERAGES 

TABLE I11 

OBSERVER  DETECTION AND PILOT  PERFORMANCE IN TERMINAL  AREAS 
COLLISION  COURSE  C - RIGHT  TURN-IN APPROACH 

DETECTION  SEPARATION  DETECTION  TIME 

OBSERVER SUBJECT COLLISION EVASION 
DISTANCE (MILES) (SEC Pmon TO 

. 0 
85 

0 
I6 

6 I1  * 1 I 3  . 7 
4 2  

I 3  
1 4  26 . 45 

BAD PASS - NO DETECTION 
E 

4 2  0 
4 6  

0 

4 6  
EO 15 

5 7  
6 I 1  

2 80 51 

4 2  
5 7  I 4  26 

0 0 

3 5  

4 6  
4 2  
4 2  
4 2  
1 6  
3 9  
4 2  
3 5  
3 5  
4 2  * 

2 80 
6 

I 15 
7 

0 
0 

1 35 
7 

1 60 
7 

20 

51 

21 
11 

12 
0 
0 

24 5 
12 

29 
13 

1 

10 
0 

5 
6 
4 5  

4 

12 5 
0 

8 

17 

36 
0 

I1  
6 

5 
0 
0 

I 1  5 

16 
1 
6 1  

n 

*NO OBSERVER  MEASUREMENTS  MADE ON THE'SE-FLIGHTS 
10 1 

MANEUVER  POINT 

0 0 
6 
6 
7 

25 
25 
25 
30 8 5  

15 4 

0 0 
10 2 5  
10 3 

35 9 " " 

5 13 
10 3 

18 
25 

4 8  
7 2  

'PERFORMANCE  NOT  RECORDED  BECAUSE OF SUBJECT  BECOMING  AWARE O F  PURPOSE 

NOTE 
MINIMUM VISIBIUTY 10 MILES 
MAXIMUM VISIBILITY UNUMITED 

MANEUVER 
EYASIVE 

NONE 
RT TURN 
RT TURN 
STRAIGHT 
R T  TURN 

STRAIGHT 

ST ONE 
UT TURN 
UT TURN 

R T  TURN 
NONE 
L T  DESCENT 
R  T  (VIOLENT) 
DESCENT 
DESCENT 
NONE 
NONE 
R T  TURN 
R T  TURN 

KT TUSN 
R T  TURN 

VISIBILITY 

15 LT HAZE 
10 L T  HAZE 
10 LT HAZE 

15 LT  HAZE 
15 LT  HAZE 

15 
15 LT  HAZE 

15 
15 
15 
15 
15 
12 LT  HAZE 
1 Z L T  HAZE 
15 LT HAZE 
15 LT  HAZE 
1 5  LT  HAZE 
15 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
12 LT  HAZE 
15 LT  HAZE 

FOR ALL  SUBJECTS 
FOR  ALL  DETECTIONS 

SKY 

CLEAR 
SCATTERED 
SCATTERED 

SCATTERED 
SCATTERED 

SCATTERED 
OVERCAST 
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a ! ! ! ! ! ! ! ! ! ! ! ! ! ! l " I  l l l l l l ~  

ALL SUBJECTS 

DETECTION1 
IINCLUMNG  MISSED 

COLLISION  COURSE 

Fig. 11 Average  Detection  Dlstance 

The  responses, a s  shown in Tables I, 11, and 111, are  not to he  construed  as 
representatrve  of  all  pllots  However, 1n mew of the large  number of pilots  partlclpatrng  in 
thls study, and the  number of courses flown,  the results  mdlcate  that  the probability of one 
pllot  not  seeing  another airplane on a colllsion  course  ln the te rmmal   a rea  IS one  out of every 
three  tlmes  Thls is revealed by the  large  number of mlssed  detectlons,  namely, 26 misses 
1n 75 colhslon  courses flown. The results also  Indicate that, of  the  number of times  the  target 

effective 
arrplane  was  detected, 33 per cent of the  detecbons  were  too  late  for  the  evaslve  actlon to be 

For  course B, E of the 13 pilots  chose  a  descendmg  maneuver, and for  course C ,  3 pllots 
course h, a  descending  maneuver was used by 10 of the 11 pilots who took evaslve  actlon 

descended  durlng  evaslon  One  posslble  explanatron  for 91 per  cent of the  pilots  choosing  a 
descendmg  maneuver  on  course A may be  the  Influence of seemg the target  approachlng  on a 
possible  collislon  course  from  a  hlgher  altitude  at  the  time of declsion 

The  tables  also  dlsclose the  type of maneuver  that  each  prlot  chose For colhslon 
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CONCLUSIONS 

From the results  obtamed by all of the tests,  the followlng can be concluded 

distances up to 4 miles  in  daytlme VFR  condltions walth a mimmum of 10 miles  vlsrblllty 

sltuatlon,  pilots  could  not be expected to detect  an  arplane of the size u e d  1n this  study at 
&stances  greater  than 2 8 mlles m a tcrmld area. 

under  such  condltlons 
during  stralght and level fllght. nor did  pilots  recogmze a hazardous  condition  as  readily 

preservation. &ore pllots  chose a descendmg  maneuver than any other  action 

1  Aircraft of the s1ze used in th is  study  normally could be detected In a termlnal  area  at  

2 W i t h  normal VFR  cockpit  duties and when  not forewarned of an hpendlng  col l~slon 

3 The  pllots  dld Mt detect  other  aircraft as re ld i ly   durhg  takeoff and c lmb  as   they  did 

4 When the  pllots  made a decision that an evaslye  maneuver was  necessary  for  self- 

5 For  everv  three  hazardous  situations. two subled  nllote  detected  and  avolded the ~~ 

ynpendmg collision 
* .  

6 The  nilots d1d not  reconnize  a  hazardous  collislon situat~on in  flieht bv the  aauect of 
the approachlng  alrcraft alone. until both aircraf t   were  in   dangerous  prckni ty  to e&h other 
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APPENDIX I 

ORIENTATION FOR PILOTS 

The  personnel  at the G A A  Technical  Development  Center  wlsh to express  thelr  appreclatlon 
for  the time and  effort you have so generously  volunteered to help  promote  Avlatlon  Safety 
Your name w i l l  not be disclosed in any respect  concernmg  this  fhght wtthout  your permisslon 

In the future It may be necessary to have  establlshed  approach  lanes  or  courses  for  all  aircraft 
entering the termlnal  area  These  lanes  may be of vaned  cadlguratlons and wll l  have to be 
followed  durlng VFR as well as IFR flying To study the feaaibllity of such  a  proposal,  three 
courses, two approach  and ope takeoff,  have  been  outlined  for  mitral  Investlgation  at W e n  Cook 
Airport 

how well  a departure o r  approach lane CBP be followed for VFR flights  Mapa showing the 
Y o u ,  as the plot .  will be expected to fly  your airplane along the trial  courses to determlne 

three  lanes  are  attached A coflot will accompany you and he will act  as  an  instnutor on 
these  flights  The  copilot  will be m communicatron  with the control  tower and he wll l  relay 
any  clearances  and  flight  lnstructione.  relieving  you of radlo  responsiblhty.  Please  polnt  out 
all aircraft  you detect  in the area and take any appropriate actban necessary  as  four  eyes 
watchmg a re  better than two A CAA observer  also wrll  be aboard to ludge and record the 
feasibllity of ueing an airport  procedure  such as thls The CAA observer  will  gladly  answer 
any questlone you  may  have  abaut the operation 

Thank you 


