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FINAL  SERIES O F  TESTS 
O F  SRS-1 WITH MODIFICATIONS 

FOR  AIR  TRAFFIC  CONTROL 

SUMMARY 

This  report   descrlbes  the  third  and  f inal   series of SRS-1 tests  con- 
ducted  by  the  Technical  Development  Center  under AMB ProJect  SA-1-1111. 
These  tests  were  conducted  from  June 1958 through  January  1959,  wlth  the 
SRS-1 equipment  located  at  Alrborne  Instrument-Laboratorlea,  Mmeola, 
New  York  The  purpose of these  tests  was  to  further  simulate  and 
evaluate  varloua  dlsplay  features  and  operational  techniques  to  aid  in 
recommendations  for  an air traffic  control  pictonal  display  and  flight 
t rackmg  system 

In a manual  rate-aided  flight  tracking  system It  was  determined  that 
computer  derived  velocity  corrections,  computer  Inserted  flight  plan  turns, 
trim tabs  with  vector  for  heahng  controls. a clrcle  as a tracking  symbol, 
and a dlsplacement  type  tracking  stick  were  more  deslrable  than  the  var- 
ious  alternatives  tested, Hand-off procedures In the SRS-1 type  system  are  
a deflnlte  advantage  over  present  day  verbal  procedures. It was determined 
a l s o ,  for  optimum  utlllzation of personnel  and  the  same  manpower,  that 
controllers  should  do  their own trackmg If a perfect  automatic  tracking 
system  were  avallable,  tracking  workload  would  be  reduced  approximately 
90 per  cent 

Dlsplay  features  rated by the  controllers as essent la l   were  bnght  
tube, trail characteristics,  alpha-numeric  information (at leas t  two l ines]  
wlth  assoclated  alternate  informatlon,  vectors  for  fllght  path  prediction, 
selectivlty  controls  for  alpha-numeric,  vectors  and  altitudes  (slngle  and 
block)  The  alpha-numeric  data  should  be  displayed at leas t  20 cycles 
per  second. A manually  operated  course  and  speed  insert  devlce  should 
be  provlded  per  console  and  channel  llghts  should  be  provided  adJacent 
to and  assoclated  wlth,  flight  progress  strips. 

The  controllers  preferred  the  slanting  face  dlsplay of the SRS-1 
and,  wlth  thelr  suggested  additional  features,  belleve  such  an  improved 
system  could  offer up to 15 o r  20 percent  Improvement In trafflc  handllng 
capacity  over  the  present  radar a n  traffic  control  system  using VG 
dmplays. 
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INTRODUCTION 

The  Technical  Development  Center  conducted  the  flrst  tests' of the 
SRS-1  during  May  1957  to  Investigate  the  utllity of automatlc  and  rate-aided 
tracking,  combined  symbolic  and  radar  situation  display,  and  remote 
tracking  for  application  in analr traffic  control  system  It was  concluded 
from  these  tests  that  i f  the  equipment  was  modlfied to  take  advantage of 
flight  plan  informatlon.  an  improved  operation  and a m o r e   r e a l l s t x   a i r  
traffic  control  evaluation  would  be  possible  Consequently  the  SRS-1  was 
modified  to  provide  for  (1)  insertlon of fllght  plan  course  and  speed In the 
trackmg  channels,  (2)  course  and  speed  readout  from  the  tracking  channels, 
( 3 )  mltlal positioning of tracking  channels at preselected  f ixes,  (4) push 
button  selection of tracklng  channels  and (5) individual  lamp  lndlcators  to 
show  tracking  channel  avallabllity 

Wlth  the  modlficatlons  recommended  in  the  flrst  evaluation a second 
se r l e s  of tests  were  conducted  durlng a two  week  period,  September 23 
through  October 3,  1957, to  evaluate  these  and  certain  additional  modlfi- 
cations of the  SRS-1  equlpment  As a result  of these  tes ts  lt was  estimated 
that a proficient  tracker  should  be  able  to  track  up  to  %en  arcraft 
slmultaneously  in a deflned  and  localized  area  with  reliablllty  Also,  with 
remote  tracking  it  was  estlmated  that  an  experlensed  radar  controller  could 
control  from  12  to  15  aircraft  simultaneously In an  ensoute O.L extended 
termlnal  area  However,  it  was  concluded  that  the  SRS-1, as modified 
would  not  offer  any  advantages  over  the VG type of radar  display  unless 
certain  changes  were  made  The  changes  recommended  were (1) a bright 
display  with  aircraft trails should  be  provided,  (2)  alpha-numeritr  flight 
plan  data  should  be  associated  with  the  tracklng  tags,  (3)  radar  hand-off 
techniques  should  be  provided  and (4) Improved  tracking  stab~llty  should be 
provided 

2 

This  report   describes  the  results of a th i rd   se r ies  of tes ts  
wnducted w t h   t h e  SRS-1 at  Airborne  Instruments  Laboratory,  Mmeola, 
New York,  from  June  1958  through  January  1959  The  ob~ectlves of 
these  tests  were  to  evaluate  the  aforementioned  modlflcatlons to  
determme  their   utl l l ty  in a pictorial dlsplay  and  fllght tracking system 3 

'Charles Dowling, J r  and  Fred H Ottersberg,  "A Preliminary  Evaluation 
of Survelllance  Radar  Station  (SRS-1)  for  Als Traffic Control, 1 '  

Technlcal  Development  Report No 323,  September  1957 
2A L Ridenour, C E Dowhng, F H. Ottersberg. F S McKnlght,  and 

R L Sorensen,  "Tests of the SRS-1 Equlpment  Modifled  for  Air  Traffl; 
Control Use", Technlcal  Development  Report No 407, April  1959 

3Fred McKnight, "Operational Requlrements  for  ATC  Displays,  "Technl- 
cal  Development  Report No 308, April  1957 
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Thls  test  serles  was  dlvlded  Into  two  phases. 

Phase I test  program  Included. 

1 Tracklng  Experlment 
2 Controller  Conflguratlon 
3 Hand-offs 
4.  Automatlc  Trackmg 

Phase I1 test   program  Included- 

1 SRS-1 Track  Stlck  Experiment 
2 Fllght  Plan  Turns  and  Trlm  Tab  Plus  Vectors 
3 Simulated VG Type  Dlsplay  Versus  SRS-1 
4 Clrcle  Versus Dot as Trackmg  Symbol 

The  Franklln  Instltute  Laboratorles  (FIL) of Phlladelphla,   repre- 
sented  by  Dr  Edward P. Buckley  wlth  Mr  Jack  Brlnton  and  Mr  Frank 
McLaughlm,  asslsted In set tmg up experlmental  tests  and by maklng 
statlstlcal  analysls qf the  measurements  taken  durlng  the  test runs 
References  are  made  to FIL worklng  papers In this report  Coples of 
these are avallable  dlrectly  from  FIL 

EQUIPMENT 

The  SRS-1 1s a ladar   target   t racklng  system  mth  speclal   d lsplay 
features  The  origlnal  equlpment  was  bullt by Allborne  Instruments 
Laboratorles (AIL) under  contract  to  the U S Army  Slgnal  Corps as a 
part of the  Mlsslle  Master  System. 

There  are four  sltuatlon  displays  provlded  wlth  the  SRS-1  equip- 
ment,   three of these  consoles  were  deslgned  to  functlon as tracklng 
consoles  and  the  other as a supervlsory  console  The  supervlsor 's  
console  can  be  operated In pa ra l l e l   w th  any of the  tracker  consoles 
Orlglnally  each  console  had a 16-lnch P-7 CRT PPI lndlcator  for 
presentmg  radar  returns  In  Phaae I of thls  test   program a P-12  CRT 
was  Installed  wlth  TI-440  scan  converslon  equlpTent  glvlng a brlght  tube 
display  and trail character ls t lcs   to   radar   targets  . In   Phase I1 of thls 
test program a P-4 (PAF)  CRT  was  Installed  wlth  scan  converslon  to 
provide  adhtlonal  brlghtness  and  less  fllcker. 

4W1111am E Mlller  and W l l l l a m  G. Covell,  "Evaluatlon of TI-440  Plcture 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

Transformer  Equlpment  and  Notes  on  Televlslon  Type A n  Trafflc 
Control  Dlsplays,  "Technlcal  Development  Report No. 308. March, 
1959 



TDC R-414  4 

The  tracking  system of the SRS-1  Includes 24 channels  whch  may 
be assigned  to 24 individual radar  targets  These  track-whlle-scan 
devices  accept  radar  video  mformatlon  and wll track  along with radar  
targets  after  the  proper  direction  and  veloclty  have  been  determined 
Analogue  computing  devices  provide  the  intelligence  required  From 
these  tracklng  channels  an  electrical  output  can be obtained  representmg 
the  present  position of each  radar  target  being  tracked  This  electrical 
output from  the  tracking  channel  can  be  used  to  position  special  symbols, 
or   le t ters  and  numbers.  alongside a radar  target  and  cause  these  to 
move  along  automatlcally  with the movement of the  target 

There   a re  two basic  modes of operation of t t -   t racking  channels  
In the  "automatlc"  mode,  all of the   radar   v ideo   rduded  within a smal l  
block of space  defined  in  aelmuth  and  range 1s sampled  The  tracking 
channel  compares  this  with  the  position of the  target on the  previous 
antenna  scan,  computes  the  &stance  and  dnectlon  the  target haa 
moved,  and  extrapolates  ahead unttll radar  returns  are  again  received 
on the  next  scan of the  antenna. In theory, a radar   t racker   using  this  
automatic  feature,  need  only  hitlally  posltion  the  tracking  channel on the 
dealred  aircraft  target  return  and  the  tracking  channel will pick up auto- 
matically  and  follow  the  movement of the a r c r a f t  

A second  mode of operation 18 called  "manual-rate-aided"  or 
"coast  mode" In this  mode  the  trackmg  operator  must  position  the 
trackmg  channel on the dealred  radar   target ,  w a t  three  or  four  antenna 
scans,  and  reposition  the  tracking  channel  to  the  new  posltion of the 
radar  target  The  tracking  channel  computer will then  determine  the 
direction  and  distance  the  target  has  moved  during  the  time of the  several  
antenna  scans  and  start  extrapolatlng In a s t raght   l ine   ahead .  In this 
mode of operation  the  trackmg  operator  must  be  alert  to  any  changes of 
dlrectlon  or  speed of the  target,  and  manually  insert  new  positlone  Into 
the  tracking  channel s o  that it will recompute  the  heading  or  speed  change 
requlred. 

When  an operator  selects a radar  target  he  wlshes  to  track,  he  can 
move a symbol  showing  the  position of the  tracking  channel  and  place it 
over  the  target  Three  symbols  are  used.  A  full  clrcle about 3/1611 dla- 
meter  lndlcates  the  trackmg  channel I E  in  the  automatic  tracking  mode, 
a par t ia l   c l rc le .   or  C, indxates  the  tracking  channel 18 m the rate- 
alded  or  "coast"  mode,  and a bright  dot  lndicatee  the  target is being 
tracked at another  console. A leader   (curved  l ine)   f rom  the  center  of 
the  scope to the  symbol  indicates  which  tracking  channel IE connected 
to the  controls on the  dlrrplay.  Joy-stick  control  permits  the  controller 
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to  reposltlon  the  tracklng  channel  to  any  dealred  target on the  dlsplay. 
A cychng  swltch  permlte  the  tracker  to  cycle  through all tracking 
channels  he 1s using. In operatlon  the  tracker  contlnually  cycles  from 
one target  to  another,  checkrng the allgnment of the  symbols  wlth  the 
radar  targets.   As  necessary,  he  reposltlons  the  tracklng  channel  to 
center  the  symbol on the  target  A  "new1'  channel  button l a  provlded  to 
allow  the  operator  to  assign a new  tracklng  channel  to a  new target,   and 
a "dump"  swltch is provlded so the  tracker  can  release a trackmg  channel 
when  he  has  flnlshed  tracklng a partlcular  target  Thls  returns  the 
tracklng  channel  to a etandby  status so that It can be used  for  tracklng 
a new target  by  any of the  operators.  

Each  console was modlfied  to  provlde a control  panel  wth  four 
dials  to  Insert  headlng  and  one  dlal  to  Insert  speed  Into  the  tracklng 
channels. In thle  manner  the  trackmg  channels  could  be  started  on  the 
basis of flight  plan  data. In  addltlon  the supervisor's console (Flg.  1 )  
was further  modifled  to  provide  four  pre-set  pomItlona.  Any  four 
posltlons  could  be  pre-set  and  quickly  Inserted In the  posltlon  storage 
of any  channel by pushlng  the  assoclated  pre-set  button.  The  co-ordlnates 
of the  pre-set  posltlons  were  generally  radar  hand-off  or  lnitlal  report- 
Ing polnts  A  read-out  device of a selected  channel's  course  and  speed 
was  provlded  aleo at the  supervleory  console. 

The  eupervlsor 's   comole was provlded  wlth a speclal   f l lght  progress 
board  that  has a lamp and  swltch  aseoclated wlth each  strlp  holder  poel-  
t lon.   Each  lamp  and  swtch 1s connected  to  one of the 24 tracklng  channels 
and  the  lamp 18 llghted  whenever  that  tracklng  channel  haa  been  selected 
by  the  operator.  The  puah  button  swltches  alongside  the lamps allow  an 
operator  to  select  a partlcular  tracklng  channel at any  tlme  wlthout 
havlng  to  cycle  through a number of channels  until  the  dealred  channel 
16 reached.  Thls  feature  permrts  the  supervlsor  to  look at hls  fllght 
progress   s t r ips   and   de te rmine   whch  radar   t a rge t  1s belng  tracked by 
depresslng  the puah button  ewltch  and  obeervlng  whlch  symbol 1s 
connected to the  ' 'leader' '  Conversely.  he  can  ldentlfy  any  partlcular 
radar  target  belng  tracked on the  radar  dleplay  by  cycllng  untll  the  leader 
la connected  to  the  tracking  symbol on the  target,  and  then  observlng  the 
etr lp   associated wlth  the  llghted  lamp. 

MODIFICATIONS 

As a resul t  of the  two  prevlous  evaluations it was  concluded  that 
fur ther  SRS-1  modlflcatlonm  would  be required  to  obtain a valld  slmulatlon 
and  evaluatlon of an advanced  ATC  display  system.  These  mo&ficatlone 
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involved  display  and  tracking  system  features.  and  were  conducted  In two 
pahses  Phase I modifications  were  contracted  for on December 31, 1957 
and were  evaluated  during  the  summer of 1958 Phase  I1 mod~fications 
were  negotiated  durmg  the  summer of 1958 and  evaluated  during  the  last 
half of 1958  and the  fmst  part  of 1959. 

Phase I Modifications - Display Features  

The  recognized  needs in this  area  were,  first, the  necessity  for 
adapting  the  system  to  the  scan  converted  radar  presentation,  and  second, 
the  need f o r  alpha-numerlc  data  to  be  displayed  along  with  the  track  symbol. 

The  TV  scan-converted  displays  were  accompllshed  originally by 
t ime  sharing  the  normal  TV rate of 60 fields  per  second on a one  to  five 
basis.  This  provlded  radar  and  alpha-numeric  mformatlon at the  rate 
of 12 fields  per  second  This  duty  cycle  and  repetition  rate  necessitated 
the  use of a long  persistence  phosphor (P-12) on the  display  The 
choice of thls  phosphor  and  the 20 per  cent  duty  cycle  resulted  in less 
than  optimum  brightness  and  necessitated  operating in a semi-darkened 
room In the remainmg  display time a synchronlzed  industrial  closed 
circuit  televislon  system  provided  six  flight  Identification  characters 
and six  alt i tude  indicating  characters with each of the 24 t racks How- 
ever,  due  to  the  quality of the  industrial   televlslon  system  choeen  and  the 
tolerance of the  gatlng  circults, it was not posslble  during  thm  phase of 
the  evaluation  to  achieve  more  than s i x  (6) characters  total   in a read-  
able  format 

Phase I Modlficabons - Tracking  System 

The mission of the  original  SW-1  system  was  to  track  uncooper- 
ative  aircraft.  The  ATC  mission of the  other  hand  deals  entlrely  wlth 
cooperative aircraft and  therefore  ATC  tracking  equlpment  can  be 
provided wlth a quantity of known data It was evident  that  input  devlces 
other  than  the  positioning  track  atlck of the  origmal SRS-1 equipment 
would be  needed  to  take  advantage of mformation  available in the  ATC 
system  Recognizing this, the  previous  modifications  provided  pre-set 
input  buttons  to  insert a track  into  the  system at predetermined  locations 
(usually a hand-off  acceptance  fix),  speed  and  course  input  devices  to  insert 
flight  plan  speed  and  course,  and  selection of a glvrn  track by means of 
buttons  associated with flight  strlp  postlngs  rather  than  serial  sequencing 

Inherent In the  mllitary  concept 1s the  need  for  frequent  updating 
of established  tracks,  either  manually  or  automatically,  to  prevent  the 
escape of a maneuvering  aircraft   from  the  trackmg  gate  Therefore,   the 



TDC R-414 7 

SRS-1  original  tracking  equipment was  not designed  for  aufflcient  stability 
to  allow  the  tracklng  gate  to  follow  non-maneuvering  aircraft  for  over a 
few  rnlnutes  in  the  manual  mode  and  in  the  automatic  mode,  would 
frequently  lose  the  aircraft  due  to  nolse  or  Interference If not  constantly 
attended. 

To allow  adequate  evaluation of an  Ideal  ATC  tracklng  system,  the 
contract of December 31, 1957 provided  for modifying the SR5-1 tracking 
channels t o  improve  stability (20 to 1 improvement) m the  manual 
tracklng  mode  Smce  thls  modlflcation  had  the  effect of making the 
automatlc  tracking  mode  inoperative.  the  contract  further  provlded  for 
addltional  modlflcatlon  to s1x of the 24 channels  to  allow  improved  auto- 
matic  tracking.  The  target  slmulators  used  in  the  operational  evalua- 
tion  were a150 reworked  and  thelr  stability  and  reliabllrty  Improved  to 
increase  the  evaluatlon  accuracy. 

A further  refinement  was  to  add  ten (10) course and  speed  input 
devlces whlch were  permanently  asslgned  to  speciflc  tracking  channels 
and  located  adJacent t o  the  flight  strip  posting6  asslgned  to  thelr  respec- 
tive  tracking  channel.  This  allowed  the  operator  to  insert  mformatlon 
directly  wlthout  necessity of channel  selection.  This  was  installed  on  the 
No 1 console  (See  Figure 2 ) .  

The  action of the  posltlonlng  track  stick was altered  to  allow  the 
operator  to  determine  (by  actuating  an  addltional  switch) i f  a  new veloclty 
was to  be  calculated  from an Incremental  reposltlon of the  track. In  the 
original  concept of the  manual  mode a new  velocity  was  computed  for  each 
repositloning  and thls resulted  occasionally in unnecessary  changes in 
track  velocity. With thls  modification  the  operator  could  bypass  the 
veloclty  circuits  and  Insert  only a posltlon  correction If he  desired.  

Durlng  the  evaluation of these  concepts, It was  noted  that In the 
manual  tracklng  mode  there was  a definlte  tendency  for  the  calculated 
veloclty  to  osclllare  above  and  below  the  true  velocity.  Thls  resulted 
because  each  new  velocity  calculation was ~nser ted  dlrect ly   into  the 
velocity  memory  with no welght  given  to  the  previously  stored  infor- 
matlon.  An  error  in  the last calculatlon.  caused  possibly by  the 
operator  making  an  inaccurate  posltlonlng.  was  not  modified by the 
prevloue  experlence of the  flight A Phase I modification was added, 
therefore,   to  al low  the  track  channel  to  accept  an  aaustable  percentage 
of the  moat  recently  calculated  velocitles  This  dampened  the  fluctua- 
tions  in  computed  veloc~tlee and prevented  large  eudden  changes  In 
channel  veloclty 
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Phase I1 Modifications - Display  Features - 

As  modifications  and  evaluations of Phase I progressed  i t   became 
evident  that a different  technical  approach  to  achieving a suitable  alpha- 
numeric  display  was  necessary  Two of the  more  slgnlflcant  Phase 11 
modifications required a change  in  system  synchronlzatlon  and  resulted 
In (1) 40 flelds of radar  data  per  second  (rather  than 12) and  (2)  increased 
alpha-numeric  format  data  to a total of  36 characters  rather  the six 
characters  produced  in  Phase I. 

Associated  wth  the  change of the  radar  information rate   to  40 
fields  per  second  was  the  use of a speclal  P-4  type  phosphor  (PAF) 
This  phosphor is s imi la r   to  P-4 but  has a longer  perslstence  Thls 
resulted  in  adequate  &splay  brightness  and  elimmated  flicker  altogether 
The  new  format  consisted of three  l ines  of six characters  each  Inde- 
pendent  control of each  lme  was  provided  the  operator He could  select 
either of two sources  of information  (prlmary  or  al ternate)  or  delete  al l  
data  in  that  line  as  he  deslred  In  addltlon,  the  operator  could  elect  to 
have  formats on all t racks,  only  assigned  tracks or,  only  the  selected 
track  (Figures 3 through 10) The  format of this  data  was  completely 
adJustable  by  setup  procedures  in  the  equlpment  The  equipment for 
generating  the  formats 1s shown  in  Figure  13 

An  additional  display  feature of Phase I1 was  the  addltlon of a vector 
showing  the  direction  and  relatlve  speed of all t racks A selection  feature 
was  provided  also  to  allow  the  operator  to  show  vectors  on all tracks.   the 
selected  track or  no  vectors on any  track  (Figure 3 through 10) The  operator 
was  provlded  also  wth  control of the  vector  length  Tlme  could  be  advanced 
in  15  one-minute  increments  where  the  length of the  vectors  would  show  the 
predicted  track  position  at  the  end of the  selected  future  time  (Figure 10) 

Another  display  feature was to  give  the  operator  the  selection of the 
altltude  strata  to  be  &splayed  Selection was  based  on  altitude  data  stored 
In the   t rack   assoc ia ted   wth   each   a rc raf t  One thousand foot ~ n c r e m e n t s  
f rom 4 000 feet   to 21, 000 feet  were  selectable  in  any  comblnatlon  fop  the 
SRS-1 tes t   p rogram In the  simulation of altitude  selection,  the  alt~tude 
data  was  manually  inserted  in  the  equlpment  room  (Figure 12) and  selection 
was by means of switches  on  the  console  (see  Flgurel) .  

Phase IT Modifications - Trackine  Svstems: 

Phase  I1 modifications  to  the  tracking  system  provided  impvoved 
automatic  trackmg on six channels  The  mod~flcat~ons  provided  more  galn 
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In the  ampllfler  to  allow It  to  better  control  the  trackmg  channel  whlch 
had  been  prevlously  modlfled  to glve I t  improved  stabll l ty  under  Phase I 

Another  Phase II tracklng  modlflcatlon  was  the  lncorporatlon of a 
"force"  type  trackmg  stlck In l leu of the  orlglnal  dlsplacement  type  stlck 
at one of the  operating  consoles.  The  force  stlck  moves only a fractlon 
of an  Inch.  The  track  channel 18 moved In the  dlrectlon  that  the  operator 
applles  force  The  rate of movement  depends  on  the  amount of force 
applled  Coarse  and  vernler  control In  the  case of the  "force"  stlck  was 
automatlc In that  llght  forces  (below  three  (3)  pounds)  resulted In less  
galn  (1/5th)  than  forces  greater  than  three  pounds. In the  "d1splacementt" 
6tlck  the  cholce of coarse  of vernler  control  was  obtamed  by  depresslng 
a thumb  controlled  button on top of the  stlck to dlfferent  levels  This 
"force"  st lck  (Flgure 1) was Installed on the  supervlsor 's   console 

Another  Phase 11 rnodlflcatlon  was a trlm  tab  type  devlce  mounted 
on the  top of the  force  stlck.  Through  thls  trlm  tab  the  operator  could 
cause  the  selected  channel  to  Increase  speed,  decrease  speed,  turn  rlght, 
and  turn  left  The  rate of change of these  functlons  was a flxed  malntenance 
aaustment   The  t r lm  tab  consls ted on on-off swltches  whch  were  con- 
venlently  operated by the  thumb  when  the  hand  grlpped  the  force  stlck 

Another  Phase I1 modlflcatlon  provlded a slmulated  operatlon 
of an  ATC  computer  to  provlde  alrway  changes  automatlcally  to  the  track 
channel  The  Intent of th1s was  to  ald  the  Qperator  by  maklng  gross 
tracklng  correctlons  and  allowlng  the  operator  to  concentrate on vernler  
tracklng  correctlons  It  was  also  posslble wlth thls  modlflcatlon  to  lnltlate 
a t rack  a t  a  glven  polnt  as If from  lnformatlon  stored In an  ATC  computer 

PERSONNEL TUINING AND EXPERIENCE 

An  operator  tralnlng  perlod  and  equlpment  checkout was conducted 
slmultaneously  from  June  1958  to  August 1958 Four  radar  rated  Alr 
Route Trafflc  Control  Center  (ARTCC)  controllers  were  selected as the 
operators and  permanently  asslgned  throughout  the  SRS-1  test  program 
Two of the  operators  were  from  the New York  ARTCC  and one each  from 
Chlcago  ARTCC  and  the  Indlanapolls  ARTCC  The  selectlon of the 
operators  corresponds  to  the  typlcal  ATC  areas  chosen  for the  SRS-1 
tes t   program  as  :New York for an  outbound area,  Chicago  for  an Inbound 
area ,  and  Indlanapolls  for  mlxed  departures,  arrrvals  and  overfllghts. 
These  operators  had  an  average of 3-1/2  years   as   ra ted  radar   control lers ,  
5-112 years  as ARTCC controllers and  9-112 years  In CAA alr  trafflc 
control  Thelr  ages  were  31, 34, 38. and 40 
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Additional  personnel  were  required  durmg  the  test  program  to 
simulate  computer  functions,  operate  the 30 target  1551C  simulator 
(Figure  11) and as  observers  collecting  test  data.  These  persons,  28 
ARTCC  controllers of which 14 were  radar   ra ted  control lers   f rom  the 
Indianapolis ARTCC,  were  assigned  eight at a t ime  for  a two to  four 
week period  during  the  test   program  These  controllers  averaged  7-112 
years  in CAA alr traffic  control  work 

As a result  of the  June - August  perlod,  It  was  the  general  opinion 
of all personnel  that  they  were  thoroughly famillar w t h  the  SRS-1 sys tem 
prior   to   the  s tar t  of the  tests  Therefore,  the  learning  factor  was 
vlrtually  eliminated. 

OPERATIONAL  EVALUATION  PROGRAM 

The  operational  evaluation  program  herem  descrlbed IS divided 
into  two  phases  Phase I evaluation  was  conducted  followmg  Phase I 
equipment  modlflcatlons  The  operational  evaluation  program  and  the 
equlpment modifications of Phase I were  derlved  from  conclusions  and 
recommendations of previous  SRS-I  work 

As  Phase I of the  evaluation  program  progressed it became  evident 
certan  equipment  mochflcatlons  were  necessary  to  more  fully  evaluate a 
track-whlle-scan and &splay  system  for   ATC  use.  From the  evaluatlon 
program of Phase  I, the  evaluatlon  program  and  equlpment  modifications 
for  Phase I1 evolved.  Each  phase of the  program 1s descrlbed  In  the 
followlng: 

A Phase I 

1. Tracking  Experlment  (manual  Rate-Aided or Coast) 5 

a Purpose.  

The  general  purpose of the  tracklng  phase  was  to  examine 
the  accuracy  and reliability w t h  whlch  typical air traffic 
control  personnel  could  track a sample of simulated a r -  
craft  using  dlfferent  modes of operatlon of the  SRS-1 
equlpment. 
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The  three  modes of tracking  tested  were: 
Mode No. 1 - Manual rate-alded  tracking  wth  the  computer 
calculatlng  velocity  correctlons  based on reposltlonlng of 
the  tracking  symbol w t h  the  track  stlck. 

Mode No 2 - Manual  rate-alded  tracking  as  descrlbed  in 
Mode No. 1 but  the operator  had  the  option  to  use  the  new 
permanent  course  and  speed  controls on Console No. 1 
to  Insert  veloclty  into  the  tracking  channels. 

Mode  No.  3 - Manual ra te-alded  t racklng  wth  reposl t lon-  
ings  accompllshed by use of the  track  stick  but  velocity 
corrections  were  Inserted  from the  permanent  course 
and  speed  controls on Console No. 1 only. 

b. Procedure 

Three  typlcal air trafflc  control  areas  were  selected,   each 
area  to   represent  m J o r  problems  in  todayls  alr  traffic 
control  system New York, N Y for an outbound area ,  
Chicago.  Illlnols  for  an  inbound  area, and Indlanapolls. 
Indlana  for  mixed  departures,  arrivals  and  overflights. 
Three  radar  rated  ARTC  controllers  were  selected  to be 
the  operators,  one from  each of the  areas  

Three  problems  were  constructed,  one for  each  area,  
represent lng  typlcal   arcraf t ,   as   der lved  f rom  actual  
traffic tabulations. 

A test   serles  was  designed In random  order,  conslstlng 
of 27 test   runs,  of 25 minutes  duratlon  Each  controller 
was tested  once In each  mode of every  ar  a (3x3~3 .  27) 
Based on a study by New York Unlverslty' of the SRS-1 
equipment  and  previous TDC reports7 a concluslon  was 
made  that a tracker's  capablllty  ranged  between  elght  and 
twelve  targets.  Therefore,  each  test  run  was  constructed 
to have  ten  targets on the  scope  at  all  times. 

bNYU Report "A Comprehenslve  Report of the  Evaluation of AN/SRS-l". 
Quarterly  Report  No 17 ,  NYU College of Englneerlng,  Contract 
DA 36-029-SE-52648.  May  31, 1958. AD #304846. 

7Technlcd  Development  Reports No. 323  and 407, op clt 
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Thls  test  series  was  performed  in  realistic  conditlons as 
both  llve  and  simulated  radar  was  mixed 

C. Statlstlcal  Measurements, Definitions and  Data  Analysis 
Appendlx A 

d Statlstlcal  Results 

While some  statistically  slgnlficant  &fferences  and  strong 
tendencies  to  dlfferences  were  shown in the  maJor  measures 
both wth  respect  to  comparisons  and  Interactions,  none 
of these  were of such a magnitude as to  lead  to  an  over- 
whelmmg  choice of one  mode (of those  tested)  over  others 
It I S  possible  that  this  conclusion  might  change if a more  
stringent  tracklng  problem  were  used  to  stress  the  systems 
under  test 

e Controller  Preference  and  Concluslons 

Although  the  three  modes of tracklng  varied  in  degrees of 
working difficulty. the  tracker's  capacity  was  not  reached 
in  any of the  modes  with  only  ten  targets.  As a resul t  of 
the  Phase I dampening  mod~f~cat lon  I t  is now estimated a 
tracker  could efficiently track 14 to 16 targets.   The 
dampening  used In this  determination  allows  two-thirds of 
the  calculated  correctlon  to  be  added  to  the  previously 
stored  channel  veloclty  when  nlne  or  less  antenna  rota - 
tions  have  elapsed  slnce  the last reposltionmg  Between 
10 and 30 rotatlons,  two-thirds of the  correction  at  twenty, 
and  wlth a full  correction at thirty  antenna  rotatlons  Through- 
out  the  test  program  this  dampening  factor  was  applled 

In operatlon,  the  operators  preferred  the  use of Mode 1 
Mode 1 had  the  least  manual  act~ons  or  workload  and  was 
among  the  best In accuracy  The  tes t   resul ts   ~ndicate   the 
permanent  course and speed  inserts  (available  in Mode 2 
and 3)  were  seldom  used If another  method of ve loc~ ty  
msertion  was  allowed  They  appeared  too  tlme  consuming 
and  required  tracker  memory as to  what  correction  need 
be  added  However,  the  tracker felt that  one  course  and 
speed  Insert   per  console would  be  useful  In  startmg  new 
tracks 
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In summary.  there  were  statlst lcally  strong  tendencles as 
well  as  complete  tracker  agreement  that Mode 1 (computer 
derlved  veloclty) was the  most  desirable In addltlon  the 
operatore would llke  the  abllity  to  repoaitlon  the  tracklng 
symbol  wlthout  lnsertlng  veloclty  Comblnmg thm feature 
wlth Mode 1 offers  the  basic  desired  tracklng  method. 

2 Controller  Conflguration. 8 

a Purpose.  

The  controller  configuration  testa  were  performed  to 
determlne two maJor  factors 

(1) The  value of alpha-numerlc  lnformatlon  wrltten  along- 
side targets  on an ATC radar  dlsplay 

(2) The  optlmum  use of manpower In an ATC system  uslng 
radar  tracklng 

b Procedure 

To  determlne  the  value of alpha-numerlc  information, two 
ATC dleplay  conflguratlons  were  compared. Both conflg- 
uratlons  lneluded a radar  dlsplay wlth associated  tabular 
fhght  postlng  atrlps  showmg  complete  fllght  plan  Infor- 
matlon. In one  conflguratlon  the  alrcraft  ldentlty,  assigned 
crulslng  dtltude,  and  current  altltudes  were  assoclated w ~ l h  
the  tracking  channel  and  wrltten  electronlcally  alongslde 
the  radar  targets,  Thls  alpha-numerlc  format  moved  along 
with  the  tracklng  channel  symbol.  The  tracklng  channel 
symbol (a par t ia l   c l rc le)  was placed  dlrectly on the   radar  
target  with the  format  appearlng  to  the  right  and  shghtly 
below  the  radar  target  The  leader  from  the  center of 
the  dlsplay  m&cated  wlth  tracklng  channel  had  been 
selected by the  controller  or  tratker.  Wlth thle  dlsplay 
conflguratlon  the  controller  had  the  assoclatlon of radar  
posltlon  and  altltude  and  alrcraft  Identity.  Thls  data  was 
supplemented by other  fllght  plan  informatlon on the  flx 
postlngs 
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For  the  second  display  configuration  to  be  tested,  the 
radar  display  had  only  the  tracking  symbols  from  the 
tracking  channels  and  the  leader  in  addition  to  the  radar 
vldeo  presented  Any  target  selected by the  controller 
or  tracker  (indicated  by  the  leader)  could  be  identlfled  with 
a partlcular fix postlng by lamp indicators alongside  the 
bay of fix postings No alpha-numeric  lnformation  appeared 
on  the  display.  It  should  be  carefully  noted  that,  even  under 
thls  no-alphanumeric  condition,  the  controller  was  better 
informed of aircraft  identity  than  he would  be  In a truly 
raw  radar  si tuation,  since  the  f l ight  str lp  assoclated with 
a particular  target-symbol  could  be  located  easily  by 
means of the  light  next  to  the  approprlate  fhght strip 
It should  be  reallzed,  therefore,  that a maJor  advantage 
of the  tracklng  system  existed,even In the  mode  without 
alpha-numeric  data  dlsplay,over  the  present  ATC  radar 
displays 

The  other  maJor  factor  which  was  evaluated  was  the  optimum 
use of manpower  for  performing  the  controlling  and  track- 
1ng functions  using  the  above  display  configurations  Two 
modes of operation  were  tested  using  the  same  traffic 
samples, i. e , same  density of traffic and control 
problems In Mode 1, one  controller  performed all control 
functions  and a separate  operator  performed all of the 
tracking  functions  at a separate  display. In  Mode 2 ,  two 
controllers  performed both  controllmg  and  tracklng  func- 
tions at individual displays,  wlth  the  test  area  being 
divided  into  two  sectors  and  wlth  approximately  one-half 
of the  traffic  in  each  sector  Thus  in  the Mode 1 the 
controller  had  approximately 15 aircraft   to  control  but 
had  no  tracking  duties,  while In the  second  mode  each  man 
had  seven  or  eight  aircraft   to  control  and  track 

It  should  be  carefully  noted  that  the  question  experimentally 
evaluated  wa8  !'Given  the  same  number of personnel  for  the 
system,  how  should  the  tracking  and  control  functions  be 
assigned?" A question  which  was  not  expermentally  tested 
was "How much 1s controller  effectlveneea  improved  by th 
addition of tracking  personnel?!'  However,  an  answer  to  thle 
questlon  can  be  estlmated  from  the  data  taken  during Mode 
1 teste.  
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All  tracklng  was In  the  manual  rate-aded  mode,  wlth 
machlne  computatlon of velocity  changes  at the  optlon of 
the  operator  whenever  he  reposltloned a tracking  symbol 
Imtlal  assignment of tracklng  channels  was  accompllshed 
by a slmulated  tower  control  posltion  wlth  hand-off of the 
targets  to  the  slmulated  Center  control  posltlons  Thus 
all traclung  channels  were  started  wth  f l lght  plan  velocltv 
( d r e c t l o n  and speed)  In  the  remote  tracklng  sltuatlon, 
the  two  scopes  were  operated In parallel  

The  followmg  test  condltlons  were  used. 

The  test   area  was two a a a c e n t  outbound sectors  used 
In the New York  Center  today.for  westbound  fllghts 
from  LaGuardla  and  from  Idlewlld  and  Newark. 
Experlence  had  mdcated a heavy  radar  control  work- 
load  would  be required  in  these  sectors 

Two teams  consistlng of two  experlenced  radar  con- 
trollers  were  set  up.  These  personnel  worked  together 
throughout  the  test s e n e 6   m t h  one man  always  asslgnrd 
as  controller and the  other   man  as   t racker  f o r  the tests 
of separate  controller-remote-tracker  functlons 

The  traffic  samples  were  at  the  rate of 42 a l rc raf t  
departures  per  hour wlth six  overfllghts  crosslng  the 
departure  tracks.  These  samples  provlded  an  average 
of 15 targets  on the  scope  at  all  tlmes wLth each oi the 
two sectors  averaglng  seven  to  elght  targets  at a t lme.  
A total of 12  hand-offs  were  required  between  sectorR 
In the  controller-controller  configuration,  whlle none 
were  requred  in   the  control ler-remote- t racker  
conflguratlon 

Slxteen  test  runs of 45 mlnutes  duration  each  were 
run.  Two  controllers  ran  the  same  problem twlce 
under  each of the  four  expenmental  system  conflgu- 
ratlons  resultlng  from  the  combmatlon of the two 
system  varlatlons  descrlbed  above 

The tes t   Benes  were  performed in reallshc  condl- 
tlons  wlth  llve  and  simulated  radar  mlxed 
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c Statistical  Measurements,  Deflnltlons  and  Data  Analysis. 
See  Appendlx B. 

d.  Statlstlcal  Results ~ 

The two controller  configuration  (each  controller  dolng  hls 
own tracklng)  can  handle  the  same  amount of t raff lc   more 
safely  than  the  controller-remote-tracker  conflguratlon 
There  were  more  confllctlons when  the  same  problem  was 
handled by the  two-man  teams  arranged In the  controller- 
remote-tracker  conflguratlon  than when they  were In the 
controller-controller  conflguratlon  (each  dolng  hls own 
tracking) 

The  presence of alpha-numerlc  lnformatlon on the  scope 
face  versus  an  lndlcator  light  next  to  the  approprlate 
flight  strip  did  not  show a measurable  dlfference  in 
performance  in  these  tests 

e Controller  PreferenceB  and  Concluslons 

From  the  statlatical   results  and  the  operator  preferences,  
I t  1s concluded  that  an  area  to  be  controlled by  two opera- 
t o r s  could  be  controlled  more  efflclently  and  wlth  less 
confllctlons if  the  area  were  dlvlded  and  each  operator  dld 
his  own controlling  and  tracklng rather than  one  operator 
controlling  and  the  other  actlng as a remote  t racker  

The statlatical analysls of the  measurements  lndlcated no 
advantage  wlth  alpha-numerlc  lnformatlon  on  the  radar 
display.  at  the  trafflc  loads  tested  However, It was  the 
unanimous  oplnlon of the  controllers that alpha-numerlc 
lnformatlon  alongslde  the  radar  targets  was far preferable 
to  the configuration wlth  only  tracklng  symbol  and  lamp 
indicators  alongslde  the flx postmgs  Also,  the  ablllty 
to  associate lamp indcators  adJacent  to  f l lght  progress 
strips In the  no  alpha-numerlc  sltuatlon  appeared  to be a 
malor  advantage  over a raw  radar  dlsplay  wlthout  thls 
feature   From  the  control ler ' s  subjective opinlons It 

appears  that  alpha-numeric  lnformatlon  increases  the 
capacity of the  controller up to 50 per  cent  over a raw 
radar  display 



CONTROLLER'S  ESTIMATE O F  CAPACITY 
WITH ALPHA - NUMERIC 

Condltlons 

Scope 

0 
0 0 

Operator Operator 

Controller & Tracklng Controller & Tracking 

Scope Scope 

0 
0 0 

Remote  Tracker  Controller 

Scope Scope  Scope Scope 

0 0 0 0 
0 0 0 0 

Remote  Remote 
Tracker   Control ler   Tracker   Control ler  

Zstlmated  Results 
2 Scopes 
2 Controllers 
Total  Amount 
of Targets  = 24 

2 Scopes 
l Controller 
1 Remote  Tracker 
Total  Amount 
of Targets  14 or 
15 

4 Scopes 
2 Controllers 
2 Remote  Trackers  
Total  Amount 
of Targets  = 28 or  30 
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Another  point  noted by the  controllers  was  that  in  the 
controller-remote-tracking  configuratlon,  wlth  the  scopes 
In parallel,  considerable  co-ordination  between  controller 
and  tracker  was  required  In  future  equlpment  design I t  

would seem  mandatory  that  both tracker  and  controller  have 
individual  input  devices  to  their  scope 

The  controllers  involved  estimated  that  wlth  an  improved  SRS-1 
system,  the  amount of targets  they  could  control  safely  were as follows 

1 Controller  doing  his own tracking - wlthout  alpha-numeric 
Est imates   ranged  f rom 5 to 10 targets  Consensus 7 targets 

2 Controller  doing  hls own tracking - with  alpha-numeric 
Estimates  ranged  from 10 to 20 targets  Consensus 12 ta rge ts ,  

3 Control ler   wth  remote  t racker  - without  alpha-numeric 
Estlmatee  ranged  from 7 to  12 targets 

4 Controller  wlth  remote  tracker - with alpha-numeric 
Estimates  ranged  from 14 to 15 targets  

It 1s estlmated  that  by  using  alpha-numeric  information,  two 
controllers,  doing  their own tracking,  could  control  safely 24 targets  and 
one  controller,  with a remote  tracker,   could  control  safely 14 to 15 
targets 

In  conslusion,  both  the  statmtlcal  results  and  the  controllers'  
opinlons  agree  that  for  the  optlmum  utilizatlon of personnel  and  given  the 
same  investment of manpower,  controllers  should do their  own trackmg.  

HAND-OFF 

In  the  present  ATC  system when control  responslblllty  for  an air- 
craft,  whlch 1s operating  with  radar  separatlon  from  other  traffic, is 
t ransfer red   f rom one controller  to  another  the  procedure  for  assuring 
that  the  aircraft 1s properly  Identifled  can  be  very  tlme  consumlng  The 
controller  rellnqulshlng  control  must  verbally  describe  the  alrcraft 's 
posltlon  The  controller  accepting  control  must  be  positive  he  has  the 
cor rec t   a i rc raf t  In  high  traffic  densities,  particularly In mixed VFR/IFR 
conditlons,  the  presence of other  aircraft   may  prevent  poslt lve  ldentlflca- 
t ion  at   the  t lme  transfer 1s desired  Since a tracking  channel  can  be  used 
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to  pin  polnt a partlcular  target,  to  the  exclusion of all   others,   I ts  
t ransfer   f rom one  display t o  another would  qulckly  transfer a positlve 
Identity  from one controller  to  another In the  same  display  system If 
the  co-ordinates of a partlcular  tracklng  channel In one  tracking  system 
were  remoted  and  translated  to  the  co-ordmates of anther  tracklng  system. 
a means would be  provided  for  the  controller  at  one  faclllty to indicate a 
partlcular  geographlcal  polnt  to a controller  at  another  faclllty  and  thus 
accomplish a visual  inter-faclllty  hand-off 

To  test  the  operational  concept of the  above,  two  tests  were 
arranged  for  the SRS-1 system  The  f irst   used a  common  pool of t rack  
channels  for  lntrafacllity  hand-off  and  the  second  slmulated  the  use of 
co-ordinate  translatlon  equlpment  for  inter-faclllty  hand-off.  Each of 
these  tests  are  described in  the  followlng 

A Intra-facility  (Common  Pool of Track  Channels) 

Tracking  channels,  in  the  common  pool  system,  can  be  transferred 
wlth  all  associated  informatlon  and  velocity  from  one  display  to  any 
other  dlsplay In the  system by operating  the  proper  transfer  button 
In thls  method only the  control of the  channel is transferred  and 
therefore,   there  can  be no e r r o r  In the  data  itself When control 
is acknowledged by the  recelvmg  operator  the  transfer 1s completed 

In the SRS-1, If aaacent  sector  displays  overlapped  f ive  to  ten miles, 
and  hand-off  polnts  were  establlshed  between  aaacent  sectors,  a 
channel  dot  would  be  seen  approachlng  the  hand-off  polnt  lndlcatlng 
the  alrcraft  1s belng  tracked  in  the  adJacent  sector  For  these  tests 
a l lght  signaling  system.  slmllar  to a three-way  light  switch, would 
start   f lashlng on both sectors  three  to  f ive  seconds  prlor  to 
actual  hand-off  This  alerts  the  controller  that a  hand-off la coming 
from a partlcular  sector  at   the  established hand-off  polnt. As the 
controller  pushes  the  transfer  button  the  dot would  change  Into  a 
tracking  channel  symbol  and  control of this  channel wlth all Its 
assoclated  data 1s transferred  The hand-off  light wodd  s t l l l   be  
flashing on both  consoles,  The  receiving  controller  operates a 
swltch  turnlng  both  llghts off, indlcatlng  receipt  and  acknowledge- 
ment of control No verbal  exchange ham taken  place  and  none 1s 

required  for  normal  operatlon. 

B Inter-Facllity  (Co-ordlnate  Tranelatlon) 

An  inter-facility hand-off requwes a posltlve  translation of a par t l -  
cular  geographical  polnt  from  one  system to another  Data  regarding 
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the  flight  must  also  be  transmltted  and  acknowledged  For  thls 
evaluatlon  the  co-ordlnate  translation  system  was  slmulated  The 
transferrlng  sector  advises  the  recelvlng  sector  via  lnterphone of 
an  approachlng  hand-off  The  operator  at  the  transferrlng  sector 

, places a track  clrcle  symbol  about  the  target to be  handed off and 
the  translated  co-ordmate  appears as an  lntenslfled  dot  on  the 
recelvmg  sector.   Then  the  operator  at   the  recelvlng  sector  takes 
one of thls  track  channels  and  places  its  clrcle  symbol  about  the 
target  which  has  been  marked by the  transfer  dot Th1s action 
causes a dot  to  appear on the  transferrlng  sector  &splay  Both 
operators  see  thelr   clrcle  and  the  dot  from  the  other  operator on 
the  radar  target  transferred  Thls  al lows  qulck  and  posit ive 
ldentlflcatlon  and  checks  possible  error  in  the  translatlon  system. 
With such  ldentlflcatlon  completed,  the  alpha-numeric  data  and 
channel  veloclty  can  be  entered  manually  into  the  recelvlng  track- 
mg  channel by means of an  Input  keypack  from  verbal  data  passed 
over  the  lnterphone 

Throughout  the  SRS-1  tests,  wherever  procedures  requlred  radar 
hand-off to   e l ther   s ta r t  a new  target  Into  the  system or t o  evaluate 
a control  procedure,  elther  the  Intra-faclllty or Inter-facility 
hand-off  technlque  was  used  Statlstlcal  data  was  not  collected  to 
compare  wth  the  exls t lng  verbal   system beca-e of the  obvious 
lmprovement In the SRS-1 system  over  exlstlng  verbal  techniques 
It would appear  that  one of the  more  obvlous  advantages of future 
dlsplay  systems wl1 be  thelr  Inherent  posltlve  and  time  saving 
methods of maklng  radar  hand-offs 

AUTOh4ATIC  TRACKING 

Theoretlcally,  the  automatic  track-whlle-scan  mode of operatlon 
would  be  Ideal  Insofar as mlnlmum  operator  workload 1s concerned How- 
ever,  In prevlous  tests of the  SRS-l  equipment, I t  was  found  that  most of 
the  tlme  the  manual  rate-alded  mode of tracklng  was  necessary  for  rellable 
tracklng of targets  With present  day  two-dlmenslonal  radars  the  presence 
of other  aircraft   targets,   ground  clutter  and MTI residue,  system  nolse  and 
radar   Interference  prevent   error less   t racklng If a second  aircraft  at 
some  other  altltude  passes  near  to  the  target  belng  tracked  enters  an  area 
of ground  clutter,  the  tracklng  channel  may  stop on the  ground 
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clutter  Similar  problems  are  encountered  in  the  presence of other 
radar  interference  or  nome  Because of these  problems, all automatic 
radar  tracking  systems  include  provisions  for  hurhans  to  monitor  the 
system, and  to  Intervene  as  necessary  to  assist  the t rack~ng  gates   to  
follow  the  proper  targets 

The  above  deflciencles  notwlthstandlng,  evaluations  were  conducted 
to  determine  the  improvements  attainable if the  theoretically-perfect,  
automatic,  track-whlle-scan  system  were  available 

To slmulate a theoretically-perfect  tracking  environment.  radar 
video waa not  used,  thus  ellmlnatlng all clutter  and  random  targets All 
targets  tracked  were  simulated.   The  problem was se t  up so  that  none of 
the  simulated  aircraft would come in close  proximity to each  other  The 
antenna  rotation  rate waa increased  to 10 rpm Under  these  ldeallzed 
condltlons  an  attempt waa made  to  measure  tracklng  workload  The  only 
dutles  necesaary  were  initla1  target  acquisitlon No targets   were  lost  
in  the  flve  test  runs  conducted  and  tracklng  accuracy waa excellent. 
It 1s estimated  that only  a small  percentage  (less  than  ten  per  cent) of 
the  tracker  workload  requlred  for a  good manual  rate-alded  tracklng 
system  was  necessary t o  obtaln  errorless  automatlc  trarkmg  under 
perfect  condltlons 

B Phase I1 

1 SRS-1 Track  Stick  Experlment 9 

a Purpose.  

The  purpose of thm test  serles  was  to  compare  the  follow- 
ing types of track  st icks 

(1) Displacement  Stick 

Movement of the  tracklng  symbol 1s dlrect ly   pro-  
portional  to  the  movement of the  tracklng  stlck 

(2) Force  Stlck 

Rate of movement of the  tracking  symbol 1s propor - 
tlonal to the  force  applled  to  the  tracklng  stlck 
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b Procedure 

The  force  stlck  requlres  that a force  must  be  exerted on 
the  stlck  to  cause  movement of the  symbol  The  force 
stlck  has  very  llttle  physlcal  movement In any  dlrectlon 
The  track  signal  button  (actlvates  symkol  movement) 1s 

located  on  the  front of the  stlck,  somewhat  llke a t r lgger  
gr lp  In operatlon,  the  track  slgnal  button 1s depressed 
and a force  exerted In  any dlrectlon  wlll  move  the  symbol 
In the  correspondmg  dlrectlon on the  scope  at a ra te  
determlned  by  the  force  applled It 1s deslgned s o  that  the 
ra te  of symbol  movement 1s proportlonal to the  force 
applled It IS  deslgned so  that  the  rate of symbol  move- 
ment 1s proportlonal  to  the  force  applled It 1s fur ther  
reflned In that  there 1s a fas te r   ra te  of symbol  movement 
when  the  force  applled  reaches a p re - se t  polnt  The 
parameters  set   up  for  thls  evaluatlon  were ( 1 )  forces  up 
to  three  pounds  wlll  produce a symbol  rate of 13 m c h l s e c  f 
pound of force,   and (2) forces  of three  pounds  to  flve  pounds 
produce a symbol  rate of 64 lnches/sec  /pound of force 

The  track  stlck  used In the  prevlous  experlments 1s 
descrlbed as the  posltlon  stlck or the  dlsplacement  stlck 
Thls  relates  to  the  fact   that  a change  In  posltlon  or  dls- 
placement of the  stlck  causes a correspondlng  dlsplace- 
ment of the  symbol  The  stlck  wlll  move In any  dlrectlon 
and  the  symbol 1s responslve  to  thls  motlon  The  track 
slgnal  button on thls  model I S  located on the  top of the 
track  st lck and must  be  depressed  for  symbol  movement 

In  operatlon,  the  track  slgnal  button 1s depressed  and a 
dlsplacement of the  stlck In any  dlrectlon  wlll  dlsplace  the 
symbol In the  same  dlrectlon on the  scope  The  stlck 1s 
deslgned s o  that  the  dlstance  the  symbol  moves  on  the 
scope 1s dlrectly  proportlonal  to  the  dlstance  the  stlck 1s 
moved  Incorporated In  the  devlce  are  fine  and  coarse 
vern lers  When the track  slgnal  button 1s depressed  to  the 
first   level  (f ine  vernler),  a full  motlon of the  stlck  wlll  move 
the  symbol  one  Inch  In  the  coarse  posltlon  (button all the 
way  down)  the  symbol  wlll  move 14 Inches  for a full  stlck 
displacement  The  rate  at  whlch  the  symbol  moves 1s a 
functlon of how fast the  operator  moves  the  stlck 

Two  consoles  were  used In the  experlment  The  two  consoles 
were  comparable  wlth  the  exceptlon  that  the  force  stlck  was 
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installed on one  console  and  the  dlsplacement  stick on 
the  other  Before  the  experiments  started.  both  sticks 
were  adJusted to function  as  described In the  preceedmg 
paragraphs 

In  the flrst   experlment 12 runs of 30 mlnutes  duratlon  were 
made  Each of the  three  trackers dld  two  runs  each  wlth 
both  stlcks  Each  run  had 18 targets on the  scope  through- 
out a 12 mlnute  scorlng  period.  There  was no l ive  radar  
background  and no alpha-numerlc  information  displayed 
The  Indlanapolls ARTCC alrway  structure  was  used  The 
trackmg was done In the  manual  rate-aided  mode. All 
targets  were  handed-off f rom a simulated  tower  or  adJa- 
cent  center  mth  f l lght  plan  velocity  inserted In the  channels 
The  three  trackers  used In thls  experlment  were  trained 
In the  proper  use of each  st ick and  had several   hours  of 
experience  mth  each  type 

In  addltlon  to  the  fmst  experiment  descrlbed  above,  two 
other  smaller  tests  were  run In  the  second  experlment, 
the  purpose  was  to  make a further  check on the  effect 
of equipment  famlllarity  Three  controllers who had  no 
previous  tracking  experlence with  e.ther stick  were  glven 
three  runs  wlth  each  stick In random  order. An eas le r  
problem  then  that  used  with  the  experienced  trackers  was 
used  with  these  new  trackers 

In  the  thmd  experlment. a brief  attempt to check on the 
data of the flrst experiment  was  made  The  three  exper- 
lenced  trackers  each  made one  run on each of the two 
sticks in random  order  The s a m e  problem  and  scorlng 
procedures  were  used as in  the flrst   experiment 

c Statlstlcal  Measurements,  Deflnltlons  and  Data  Analysls 
See  Appendlx C 

d Statlst lcal   Results 

In  Experlment No 1 there  was  no slgnlficant  dlfference 
at  the 05 level  (capable of repeating  wlth  the  same  results 
95 t imes out of 100 such  experlments)  in  workload  or 
accuracy  measurements.  However,  there  was a strong 
tendency,  reliable at the 10 level  (capable of repeatlng 
with  the same  resul ts  90 t imes out of  100 such  experl- 
mente)  for  the  force  &tick to have a greater  number of 
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misses In  thls  experiment  the  trackers  averaged 35 
more   misses   per   run  wlth  the  force  stlck  than  wth  the 
posltlon  stlck. 

In Experlment No. 2 there  were no slgnlflcant  dlffer- 
ences.  However,  the  trackers  averaged  elght  more 
misses  per  run  wlth  the  force  st lck  than  wth  the  posit ion 
a tick 

Experlment No  3 was ldentlcd  to  Experiment No. 1 wrlth 

the  exceptlon of havlng  only six runs. In this  experiment 
the  t rackers   averaged  40  more  misses   per   run wlth  the 
force  stlck  than  wlth  the  posltlon  stlck,  lndlcatlng  no 
learnlng  factor was involved from  the  f lrst   experiment 
No significant  dlfferences  were found  in  Experiments 
2 and 3 mainly  due  to  the  limited  number of runs  The 
strong  tendency  shown  in  Experiment No 1 was again 
indicated In Experiment No. 3 

e.   Controller  Preference and  Concluslons 

The  operators  indicated a strong  preference  for  the dim - 
placement stick rather  than the force  st lck  Some  felt  
the  physlcal  co-ordlnatlon of lndlvlduals  mlght  be a factor 
In them  ablllty  to  achleve  rapld  accuracy  through  the 
application of force,  The  strong  statletical  tendencies, 
and  the  operational  preference,  for  the  diclplacement  stick 
lead  to  the  conclusion  that it 1s the  better of the  two  tested. 

2 Fllght  Plan  Turns  and  Trim  Tab  Plus  Vectors" 

a Purpose 

The  purpose of thls experlment  was to determine  the 
contrlbution of flight  plan  turns  and  trim  tabs  to  track- 
ing  radar  targets In the alr traffic  control  system 

b Procedure 

Trim  tabs   are   devlcea which in thls  caae  are  at tached to 
the  track  stlck  and  provide  an  alternate  method of inserting 

lollFllght  Plan  Turns  and  Trlm  Tab  Plua  Vectors, 'I FIL Working Paper 
No. 3 (ProJect  A-2221) 
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heading  and  speed  changes  into  the  trackmg  channel. 
Closely  assoclated  wlth  the trim tabs  are   vectors  which 
are  electronlcally  wrlt ten on the  scope  The  vectors 
extend  from  the  tracking  symbol In a direction indlcat- 
ing  the  heading of the  channel  and  are  proportional  in 
length  to  the  speed of the  tracking  channel  For  this 
t e s t   s e r i e s  a vector  was  dlsplayed  representmg a one 
or two  minute  fllght  path  predlctlon  (less  than an inch 
in  length) 

By flight  plan  turns 1s meant a computer  Input of flight 
plan  information  such as might  be  env~sloned In an  ad- 
vanced  computer  display  system In such a system  the 
tracking  channels  would  turn  automatically at alrway 
Junctions so as to  follow  the  axcraft 's  intended  path 
T o  make  an  estlmate of the  effect of such  procedures on 
reducing  the  tracklng  effort  Involved, a method of 
simulatmg  computer  Input of fllght  plan  turns  was 
devlsed.  The  device  was  operated by the  elmulation 
crew  and  they  were  able  to  turn  any of the  tracking 
channels  according  to  the  program of the  simulation 
problem 

A 16 run  experlment  was  performed  Each of two t rackers  
operated  twice In each of the  four  experlmental conditions 
a6 fOl lOW6 

(1) Fllght  plan  turns  and  trim  tabs 
( 2 )  Trlm  tabs  but  no  fllght  plan  turns 
( 3 )  Flight  plan  turns  but no t r lm  tabs  
(4) No fllght  plan  turns  and  no  trim  tabs 

All  tracking  was In the  manual  rate-aided  mode  The  traffic 
load  consisted of 18 aircraft  simultaneously on the  scope 
The  problem  was  programmed  for 25 mlnutes,  but  the 
recording of measurements  wa8 delayed  till  the  elghth 
mlnute when the  load  had  been  built up to 18 targets 
Therefore ,   measures   were  recorded  for  17 minutes in  
each  run  For  realism.  there  was a l lve  radar  back- 
ground  mixed  with  the  slmulated  targets 

c. Statistical Measurements,  Deflnltlons  and  Data  Analysis 
See  Appendlx D 
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d Statlstlcal  Results 

The  addltlon of flight  plan  turns  significantly  reduced 
(capable of repeatlng  with  the  same  results  at  least 
95 t lmes out of 100 such  experiments)  veloclty  count 
and  misses .   Tr im  tabs   s ignif icant ly   reduced  (capable  
of repeating  with  the  same  results  at  least 95 t lmes 
out of 100 such  experiments)  track  count,  veloclty 
count,  and  sequences  The  observatlonal  data 
on frequency of use  of trim tabs  Indicated  that  the 
speed  tr im  tab  was  used  very  Infrequently 

e Controller  Preferences  and  Conclusions. 

The  addltlon of computer  derived  flight  plan  turns 
1s a conslderable  improvement t o  this  type  tracking 
system  Track  count  and  velocity  count  (workload 
measurements)  were  materlally  reduced  when  fllght 
planturns  were  used.  Most  important,  tracking 
accuracy  was  improved as misses were  reduced 
slgnlflcantly 

From  the  resul ts  of this  evaluatlon,  it is also  apparent 
that  the  addltion of trim  tabs  and  vectors  wlll  help  the 
tracker  reduce  his  workload  The  use of t r im  tabs  
and  vectors  considerably  reduces  the  track  count, 
velocity  count,  and  the  sequences  required  for  the 
tracking 

From  the  s ta t ls t lcal   resul ts   i t   can be seen  that  the 
tr im  tab  control  for  speed  was  seldom  used  I t  was 
concluded  that  the  manual-rate-aided  mode of veloclty 
Insertion,  even  with  sllght  operator  symbol  positlonlng 
error .   offers   sat lsfactory  speed insertion However, 
thls  symbol  posltlonlng  error  does  affect  the  channel's 
heading By means of the  t r im  tab and vector,  the 
requirement  for  veloclty  corrections  (whlch  included 
heading  corrections)  was  greatly  reduced 

Therefore,  while  the  trim  tab for speed is not  essen- 
t ial ,   the  tr lm  tab  and  vector  for  headng  should  be 
considered as an  essentlal  combmation  feature 
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3 .  Simulated VG Type  Dlsplay  Versus  SRS-1 . 11 

a. Purpose  Ths  experlment  was  conducted  to  compare the 
operatlonal  advantages of future  dlsplay  systems wlth 
present  day  radar  dlsplays  such  as  the VG. 

b.  Procedure  Based  upon  prevlous  concluslons  and  present 
day VG operatlons,  controllers  worked  slngly  dolng  their 
own tracklhg  and  controlllng.  The  same  trafflc  sample was 
controlled  uslng a 22 - Inch  horleontal TV dlsplay,  slmu- 
latlng  present  day VG type of operation. and  uslng all of 
the  features of the  fmal SRS-1 system.  Fllght  progress 
strlps  were  avallable In  both systems.  Traffrc  problems 
conslstlng of an  average of twelve  alrcraft  slmultaneously 
on the  scope f o r  a contlnuous 45 mlnute  perlod  were  used. 
The  traffic  slmulated  lnbounds,  outbounds,  and  over- 
flights In  the  Indlanapolls  Area. 

There  were a total of twelve 45 mnute   runs .   Each  of the 
three  permanent  controllers  operated  twice wlth each of 
the  two  &splay  systems  Two  problems  were  deslgned  to 
be  as a comparable  as  posslble 

The  selectlvlty  controls  and  swltches  for  the  many  display 
features  were  relatlvely  new  at  the  tlme of thls  experl- 
mental  perlod.  The  new  features  Included  (1)  three  llnes 
of alpha-numeric  lnformatlon wlth alternate  lnformatlon 
per  l lne ( 2 )  full  alpha-numeric  selectivlty  was  provided 
allowlng  the  operator  to  select  data by llne  and  also  to 
display it only ( 3 )  vectors   were on the  selected  or on all 
channels  deslred,   provlded  mth  the  full   selectlvlty  feature 
allowlng d l  o r  Just  the  selected  channel  to be &splayed 
(4)  altltude  selectlvlty,  block  altltudes  and  slngle  altitudes. 
Figures 3 through 10 Il lustrate  these  features 

Controllers  were  glven two one-half  hour  farmllarleahon 
runs on the SRS before  the  test  started. All of the 
controllers  were  previously  experienced  wlth  the VC type 
system  (Flgure  14).  
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c.  Statlstlcal  Measurements,  Deflnltlons  and  Data  Analysis 
See  Appendlx E. 

d Statistlcal  Results. 

There  were  slgnlflcant  hfferences  between  the SRS and 
VG type  systems  in  the  followlng  measurements- 

1 The  number of altitude  changes  Imposed by ATC  per 
run  averaged  elght  when  the VG system was  In  use, 
and  four when the SRS system  was  bemg  used 

2 The  number of a r c r a f t  allowed by controllers  to  drlft 
off alrways.  when  uslng  the VG system.  averaged  two 
aircraft   per  run  Thls  average  was  four  per  run  in 
the  case of the SRS system 

3 Communlcatlon  was  less  frequent  wlth  the SRS system 
Communlcatlons  averaged 114 per   run  wth  the SRS system 
as compared   mth  130  wlth  the VC system.  There  was 
no slgnlflcant  hfference  In  the  number of confllctlons 
The SRS averaged 2 6 confllctlons  per  run.  whlle  the 
VG system  averaged  3.1  confllctlons  per  run. It was 
noted  that  some  controllers  were  better  able  to  work 
safely  wlth  one  system,  whlle  others  were  better  able 
to  work  safely  wlth  the  other  For  example,  Controller 
1 averaged  four  confllctlons  wlth  both  systems,  Con- 
t rol ler  2 averaged  two  confllctlons w t h  the VC, four 
wlth  the SRS, Controller 3 averaged  three  confllctlons 
wlth  the VG sys tem and  one w t h  the SRS sys tem 

e.  Controller  Preference  and  Concluslons. 

It was apparent  to  observers of the  test  that  the  controllers 
were  much  more  faclle  and  proflclent  In  the  manner In  whlch 
they  worked  with  the VG as opposed  to  the SRS system  They 
seemed  to  have  some  dlfflculty In  handlmg  the  many  avail- 
able  features of the SRS system 

It  appears  that  more  experlence  and  development of 
standardized  operatlng  technlques  are  requlred  to  obtam 
optlmum  results  from  more  complex  systems  such as the 
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SRS-1 Conslderable  effort  should  be  devoted  to  the 
human  englneerlng of automatic  systems, as i t   appears  
possible t o  provide too many  options  or  lnconvenlently 
located  controls 

The  differences  between  the  systems as measured   here  
were  less  dramatlc  than  might  have  been  expected  Perhape 
i f  more  senslt lve  measurement  cri teria  had  been  available,  
more  significant  differences  between  the  systems  mlght 
have  been  detected.  For  example,  there  were  no  controller 
co-ordlnatlon  problems  between  scopes  in  these  tests  and 
thls  may  be one of the  stronger  points in favor of the SRS 
type  system  because of its superlor hand-off  ablllty 

Each of the  controllers  and  observers  were  asked  to  rate 
the  features of the SRS-1 system  to  lndlcate  the  deslrability 
In a future  dlsplay  system  The  results of this  questlonaire 
are summarized  below 

CONTROLLERS'  OPINION 

Feature  

Not 
Requlred 

1 Bright  tube  display 

2 T r a l   c h a r a c t e r l s t l c s  

3 .  Alpha-numeric  (line one 
ldentlfy  and  line two 
altltude) 

4 Alpha-numerlc  (hne  three 
route Information) 

5. Read-out  devices  per  console 
(Heading  and  speed  in  brlght 
numbere) 

Ratmg  Category 

Sllghtly 
Useful  Deslrable  Essentlal 

X 

X 

X 

X 

X 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

Not Sllghtly 
Required  Useful  Deslrable  Essentlal 

Selectlvlty  (llnes  one  and/or 
two  wlth  asslgned  or  select 
channels) 

Selectlvlty ( h e  three  wlth 
asslgned or selected channels) 

Selectlvlty  formats  whether 
asslgned or dl 

Alternate  lnformatlon  per 
llne 

Alpha-numerlc  cycle  rate 
at 20  cycles  or  more 

Ablllty  to  blank all formats  
and/or  vldeo X 

Vectors 

Vectors  predlctlon 0 to 
10 mlnutes  ahead 

Vectors  predlctlon 10 to 
15  minutes  ahead 

Vector  selectlvlty 
(asslgned or select)  

Vector  selectlvlty 
(all posltlon) 

Trim  tab  control  for 
channel  headlngs 

Trlm tab  speed  control 
for  use In tracklng 

Trlm  tab  speed  control 
~ 

for use In controllmg 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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20 Altitude  selectivity 
(single  altltude  and 
block  levels) 

21  Flight  plan  turns 

22.  Course  and  speed  insert 
(one  per  console) 

23 Permanent  course  and 
speed  inser t   for   each 
channel 

24 Predetermmed  poslt ion- 
lng of channel to  a fix 

25 Channel  light  next  to 
fl ight  progress  str ip 

Not Sllghtly 
Requlred  Useful  Desirable  Essentlal  

X 

X To X 

X 

X 

X 

X 

In additlon to provldlng  the  above  answers, participating personnel 
suggested that severa l  of these  i tems  appear  very  deslrable  from  previous 
teat   resul ts  whlle others would requlre  future  testlng  to  determlne  their  value 
These   a r e  

1 Ability  to  move  formats  anywhere  on  the  scope  as  freely  as 
the  traclung  ihannels A leader   must  be provlded  from  the 
format  to  the  traclung  symbol 

2  Ability  to  Insert  vector  delay  informatlon  into  the  traclung 
channels  (by  means of  a key  pack  or  other  devlces)  to  Insert 
standard hold patterns of dlfferent  t lme  Intervals 

3 Have  the  format  lndlcate  present  altltude  and  asslgned  altltude 
durlng  climbs  or  descent 

4 When sequencrng  to  have  the  ablllty  to  see  only  those  alrcraft 
at  the  altltude of the  selected  target  and  those  passlng  through 
the  selected  altltude strata. 
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5 Prediction  vector  to  follow  route of the  planned  flight  rather 
than  extrapolatlng In a single  dlrectlon 

b Make  the trlm tab  rate of turn 25 degrees   per   second 

7 Abllity to sequence  f l lght  progress  str ip  and  assoclated  track- 
ing  channel  llght as control ler   may  desire  

8 A method of lndlcatlng  an  altltude  block  on  the  dlsplay  when  the 
radar  1s unable to  detect  or  Identify a target  

9.  Veloclty  should  be  added on each  reposltionlng  wlth a swltch  to - 
allow  reposltlonlng  wlthout  addlng  velocity  rather  than  the  reverse 
as  it   was  durlng  the  test. 

10 Conslderable  improvement  in  the  leglblllty of the  alpha-numeric 
Information presented would  be  desirable  in  the  final  system 

The  controllers  like  the  slanting  face  display of the SRS-1 sys tem 
rather  than  standing  over  the VG horizontal  &splay Also, the  controllers 
felt  they  could  handle  between 15 and 20 percent  more  traffic,   mth  the  same 
or  improved  safety,  uslng a display  havlng  the  full SRS-1 type  features, 
plus  thelr  suggested  changes, as compared  to  the  present VG type of 
display 

4 Circle   Versus Dot as Tracking  Symbol 12 

Purpose  To  compare  c i rc les  and  dots  for  effectlveness as track- 
mg  symbols 

Procedure-   Tes ts   were   run  to compare  circles  and  dots as 
tracking  symbols  with  regard  to  three  aspects of effectiveness: 

a Target  lnitlal  capture 
b Velocity  Insertion 
c Tracking. 

a Target  inltlal  capture.  Ten  targets  were  placed In a general 
form of a circle  at various  ranges  about  the  scope  face 
Subjects  were  instructed  to  acqulre  these  ten  targets as 
rapldly as possible  Each of three  subjects  did  three  runs 
with  circles  and  three  runs  wlth  dots  The  targets  were  to 
be  acqulred  by  placing  the  dots  at  the  center of the  targets 

i2 -  "Clrcle  Versus Dot as  Tracking  Symbol, I' FIL Working  Paper No. 6 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  

(ProJect  A-2221) 
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In  the  case of the  clrcles and targets  were  to be  acquired 
by  placing  the  circles so that  the  circle  surrounded  the 
center of the  target.  The  measure  taken  was  the  total 
trme In seconds  required  to  capture all ten  targets 

Results  The  followlng  table  presents  the  scores In 
seconds  obtaned 

Dots Clrcles  

Operator 1 

Operator 2 

Operator 3 
76 50 

2. 76  57 
54 

Average 77 s'ec 61 sec .  

It  can  be  seen  that  the  difference  between  the  mean 
scores  1s 16 seconds.  Thls  dlfference 1s very  rellable 
s ta t i s t lcd ly  (. 002 level,   sign  test) ,   m&catmg  that  the 
concluslon  would  be  the  same 998 t imes out of 1000 

It IS concluded  that  circles  are  slgnlflcantly  faster  for 
lnltlal acqulsltlon of targets  

b Veloclty  lnsertlon  Matchlng  the  trackmg  channel  veloclty 
wlth target  veloclty IS the  most  Important  aspect of t rack-  
ing.  The  clrcle  and  dot  symbols  were  checked to see  If 
the  symbol  had  any  effect on the  speed o r  accuracy of 
thls  veloclty  matchmg  proceedure A t es t  was se t  up 
whch  measured   the  tlme it took  the  subJects  to  adJuSt 
tracklng  channel  speed  to  target  speed.  The  channels 
were  lnltlally  set at speeds  dlfferent  from  the  targets 
to  be  tracked  Four  targets  wth  assoclated  tracklng 
channels  were  presented  to  the  tracker at the  beglnnlng 
of each  run.  Each  target  was  gomg  in a dlfferent 
dlrectlon,  1.e. one  was  gomg  east  to  west,  one  west  to 
east ,  one  north  to  south, one south to north. 
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A total of 16 runs  was  made  Each of the  two  subJects 
dld  four  runs  wlth  clrcles  and  four  wlth  dots  In  two 
of these  runs,  the  tracklng  channels  were  lnltlally  set 
at  100  knots  faster  than  the  target,  and In  two of the  runs 
the  tracklng  channels  were  100  knots  slower  than  the 
targets All targets  were 300 knots  In  speed  The  subJects 
were not  glven  any of thls  veloclty  lnformatlon 

Results-   The  baslc  data  from  the  experlment 1s reported 
In another  report  l 3  A summary  IS  shown In the  follow- 
mg  table  titled,  "Time  In  Mlnutes  To  Achleve  and 
Malntaln  True  Speed ( -1- 100%) 

An analysls of the  tlme  requlred  to  achleve  the  true 
veloclty  shows  no  conslstency  regardless of symbol, 
tracker,  or  whether a faster  or  slower  veloclty 1s 
required  It  must  be  concluded  therefore,  that  nelther 
symbol I S  slgnlflcantly  faster  than  the  other  Thls 1s 
probably due to  the  fact  that  the  resultant  veloclty 
calculatlon IS welghted  agalnst  the  prevlously  stored 
lnformatlon  and  therefore, If elther  symbol  dld  result 
In more  accuracy,  It would  not  be  apparent  In  the  result 

c Trackmg  To  determme  whlch  symbol  IS the  most 
operatlonally  deslrable. a s e r l e s  of tes t   runs,   s lmu- 
latlng  actual  condltlons.  was  establlshad  requlrlng  the 
use of both  symbols  SubJects  were  requlred  to  track 
twelve  targets  wlth  varylng  courses  and  speeds.  Tests 
of 30 mlnutes  duratlon  were  run  wlth  each  symbol  belng 
used one  half of a tes t   per lod  was  reversed  for   the  next  
subJect 

Results In tracking  the  dot IS  not as readlly  located 
on the  scope as the  clrcle  symbol If the  dot 1s 
IntenslAed,  targets  near  the  center of the  radar  scope 
are  nearly  obscured by  the  dot  symbol  It  was  the 
unanlmous  oplnlon of all SubJects  that a small   c l rc le  
or  partlal   clrcle  should  be  used as the  tracklng  symbol 



Clrcle Symbol 

TRACK  CHANNEL  INITIALLY 100 KNO' 

Tracker  No 1 Tracker  No. 2 

Run 9 

1.08 

1.08 

5.75 

2. 80 

1.41 1.25 0.58 

1.41 7.66 2.00 

6.83  5.80 6 13 

1. 50 6.08 2 05 

Dot Symbol 

rs GREATER THAN 3 

Tracker  No. 1 

Run 5 

4.33 

1.08 

2.60 

1.78 

iOTS LES: 
Run 1 3  

4. 50 

4. 50 

5. 83 

4.00 

Run 6 

3 50 

6.08 

2.83 

2.00 

.RGET 

Tracker  No. 2 

rHAN TARGET 
Run 14 Run 15 

6.75 

2.50 3.75 

Run 7 

5.58 

1 17 

3. 42 

2. 03 I Run 8 

3.  16 

3.33 

2.02 

1. 50 

Run 16 

0.50 

0.66 

6.53 

4.33 
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Conclusions. 

1. The  dot  symbol  requlred  significantly  more  time  to  capture 
a target  or  to  reposlt ion when required  than  the  clrcle 
symbol 

2 Neither  symbol is significantly  faster  than  the  other  in 
correctlng  the  stored  velocity to its true  value.  This 
conclusion 1s based  on a system  where the  new  calculation 
1s welghed  against  previously  stored  velocity In accordance 
wlth  Controller  Preference  and  Conclusions  Section of the 
Tracking  Experlment of this  report   (see  Page  12) 

3 Personnel   tes ted  preferred  to   use  the  c l rc le   ra ther   than  the 
dot 

C ONC LUSI ONS 

1. In a manual  rate-alded  tracking  system  the  preferred  bastc 
mode of operatlon 1s that In  which  the  controller  repositions  the  track- 
tng  symbol  wlth a track  stlck,  and  the  computer  calculates  velocity  correc- 
tlons  based upon these  new  posittons.  Some  dampening  factor  should  be 
added  to  the  velocity  correctlons  The  operator  should  have  the  ability 
to reposition without  the  machlne  automatically computing new  velocities, 
if he des i res  

2 The  dlsplacement  stick  showed a slgnlflcant  difference  in  track- 
mg  accuracy  over  the  force  st ick  at   the 10  level  (capable of repeating 90 
times out of 100)  Some of the  operators  felt  the  physical  co-ordnatlon of 
individuals  might  be a factor In their  ability  to proficiently use a force 
type  st ick  The  operators  preferred  the  dlsplacement  st lck 

3 Fllght   plan  turns   s~gnlf icant ly~~  reduce  workload  and  are   deslr-  
able  in a manual  rate-aided  tracking  system. 

4 Trim  tab  and  vectors   s~gnlf icant ly~~  reduce  workload  and  are  
essential   in a manual  rate-aided  tracking  system  The  tr lm  tab  control 
for  speed IS not essential Trlm  tabs  and  vectors  should  be  used  In 
comblnatlon  for  maxlmum  effectiveness. 

_ _ _ _ _ - - _ _ _ _ - - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  
14Test  results  were  considered  statistlcally  signlflcant at the - 05 level 

(capable of repeating 95 t imes out of 100) unles  otherwise  stated 
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5 The  use of a c l rc le   as  a tracklng  symbol  was  slgnlflcantly  better 
than  the  dot  The  operators  unanlmously  preferred  the  clrcle  as  the  track- 
1ng symbol. 

6 If a perfect   automatlc  tracklng  system  were  avallable,   the 
tracker 's   workload would  be  only  a small   percentage  ( less  than  ten  per 
cent) of the  workload  requlred f o r  a  good manual  rate-aded  tracklng 
system. 

7 The  hand-off procedures In the  SRS-1  system  reduce  co-ordlnatlon 
tlme,  are  less  tlme  consuming.  and  offer  more  posltlve  ldentlflcatlon  durlng 
transfer  than  present  day  verbal  procedures.  

8 It  was  the  controller's  opinlon  that  alpha-numeric  lnformatlon 
on the  scope  increased  their  trafflc  handllng  capabllltles up to 50 per  cent 
over a raw  radar  dlsplay.  However, In these  tests,   the  presence of alpha- 
numeric  lnformatlon on the  scope  versus a n  indicator  llght  next  to  the 
appropriate  f l lght  progress  str lp  &d not  show  a ~ lgn l f i can t '~   d l f f e rence  
In  performance 

9. Tes t   r e su l t s   were   s t a t i s t i ca l ly   ~ lgn l f l can t~~   mdica t lng  that  f o r  
the  optimum  utllleatlon of personnel,  and  given  the  same  investment of 
manpower,  controllers  should do their  pwn tracklng  It  was  the  controller's 
estimate  that by uslng  alpha-numerlc  informatlon,  two  controllers,  dolng 
their own tracking,  could  control  safely 24 targets One controller,  wlth 
a remote  t racker ,  could  control  safely 14 to  15  targets 

10 In future  equlpment  design  requires  both a tracker  and  controller,  
I t  would seem  mandatory  to  have 1ndlvLdual Input  devlces  to  their  scope 

11  There  were  s lgn~flcant~~  differences  between  the  SRS-1  and  the 
VG type  systems In the  followlng  measurements: 

a.  The  SRS-1  averaged  four  altitude  changes  lqposed by ATC 
while  the VG type  system  averaged  eight  per  run 

b  The  SRS-1  allowed  four  alrcraft  per  run  to  drlft off airways 
while  the VG type  system  averaged two per  run 

_ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
14Test  results  were  consldered  statlstlcally  slgnlflcant  at  the  05  level 

(capable of repeating 95 t imes out of 100)  unless  otherwee  stated 
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c The  SRS-1  averaged  114  communlcatlons  contacts  whle  the 
VG type  system  averaged 130 contacts  per  run 

There  were  no  slgnlflcant  dlfferences In the  number of confllc- 
tlons  The  SRS-1  system  averaged 2 6 confllctlons  per  run,  whlle 
the V C  type  system  averaged 3 1 confllctlons  per  run 

12 The  controllers  llke  the  slantlng  face  dlsplay of the SRS-I and 
with their  suggested  addltlonal  features,  belleve  such an Improved  system 
could  offer up t o  15 o r  20 per  cent  Improvement  over  the  present VG type 
system  However,  conslderable  effort  should be devoted  to  the  human 
englneerlng of automatlc  systems, as It appears  posslble  to  provlde  too 
many  options  or  to  located  controls  mconvenlently 
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LIST OF ILLUSTRATIONS 

FIGURE  NUMBER TITLE 

1  SRS-1  Supervlsors  Console - Bright  Tube 
Display 

2 SRS Console No 1  Brlght  Tube  Display 

3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

13 

14 

Scope  Presentatlon Showlng Tracklng  Channel 
Symbols of SRS-1  Bright  Tube  Dlsplay 

Scope  Presentation Showing Channels and 
Vectors of SRS-1 Bright  Tube  Display 

Scope  Presentation Showlng Selected  Channel 
Vector of SRS-1 Brlght  Tube  Dlsplay 

Scope  Presentation Showing Target  Identlflcatlo? 
of SRS-1 Brlght  Tube  Dlsplay 

Scope  Presentation Showing Identlficatron  and 
Altitude of SRS-1 Brlght  Tube  Display 

Scope  Presentatlon Showlng Identlflcatlon - 
Altitude - Route  Informatlon of SRS-1  Bright 
Tube  Display 

Scope  Presentation Showlng Alpha-Numeric  Per 
Selected  Channel of SRS-1  Brlght  Tube  &splay 

Scope  Presentation Showing Prediction  Vectors 
Wlth Selected  Altltude of SRS-1 Brlght  Tube 
Display 

15JlC  Target  Simulator  Used  Durrng  Evaluatlon 
of SRS-1  Features 

Altltude  and  Flight  Plan  Entry  Devlce  Used 
During  Evaluatlon of SRS-1 Fea tures  

Alpha-Numerlc  Entry  Device,  Phase I1 Used  Durlng 
Evaluatlon of SRS-1 Features  

Slmulated  VC-TV  Dlsplay  Used  Durmg  Evaluation 
of SRS-1 Fea tures  
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FIG 3 - SCOPE  PRESENTATION  SHOWING  TRACKING  CHANNEL 
SYMBOLS O F  SRS-1  BRIGHT  TUBE  DISPLAY 
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FIG 4 - SCOPE  PRESENTATION SHOWING CHANNELS AND VECTORS 
O F  SRS-1 BRIGHT TUBE DISPLAY 
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FIG 5 - SCOPE  PRESENTATION  SHOWING  SELECTED  CHANNEL 
VECTOR O F  SRS- 1 BRIGHT TUBE DISPLAY 
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FIG 6 - SCOPE  PRESENTATION SHOWING TARGET  IDENTIFICATION 
O F  SRS-1 BRIGHT TUBE DISPLAY 
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FIG a - SCOPE PRESENTATION SHOWING IDENTIFICATION - 
ALTITUDE - ROUTE  INFORMATION OF SRS- 1 BRIGHT 

TUBE  DISPLAY 



TDC R-414 4a 

FIG. 9 - SCOPE  PRESENTATION SHOWING ALPHA-NUMERIC P E R  
SELECTED  CHANNEL O F  SRS-I BRIGHT TUBE DISPLAY 
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FIG 10 - SCOPE  PRESENTATION SHOWING PREDICTION  VECTORS 
WITH SELECTED  ALTITUDE OF SRS-1 BRIGHT TUBE 

DISPLAY 
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FIG. 12 - ALTITUDE AND FLIGHT  PLAN  ENTRY  DEVICE USED DURING 
EVALUATION OF SRS-1 FEATURES 





FIG 14 - SIMULATED VG - TV DISPLAY USED DURING EVALUATION OF SRS-1 FEATURES 
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APPENDIX A 

TRACKING EXPERIMENT 

STATISTICAL  MEASUREMENTS,  DEFINITIONS AND DATA ANALYSIS 

Thls  appendlx  contans  the  deflnltlon of measurements  and baslc  data 
results  obtalned In the  tracklng  experlment  performed  durlng  Phase I of the 
tes t   program  from  August  19 through  August 29, 1958  Contalned  hereln 
are  the  results of this  experlment as analyzed  by  FIL 

A Measurements - Deflnltlons 

The  deflnltlons of the  measures of performance  and  workload 
made In thls  experiment  appear  below In all cases  except 
mls ses  and  re-ldents,  the  data  were  taken  automatlcally  wlth 
counters 

1 Mlsses 

The  number of sweeps a tracklng  symbol  was "off" the 
target   3elng off the  target was deflned as when  the  center 
of the  target  was  not  enclosed  or  touched by the 'IC t rack-  
mg  symbol  These  data  were  taken by asslgned  observers 

2 Re-ldents 

The  number of t lmes  the  tracker  felt   he  had  lost   track of 
the  target  ldentltles  and would have  had  to  call  for  ldentlty 
turns  In  an  operatlng  ATC  system  Slnce  alpha-numerlc 
lnformatlon  was  not  to  be  assoclated  wlth  each  tracklng 
symbol,  It  was  not  posslble  to  use a more  obJeetive  method 
of recording  ldentlty  confusion 

3 Sequences- 

The  number of tlmes  the  tracker  pushed  hls  sequence 
button  Thls  button  moved  the  sumbol  leader  and  control 
f r o m  one target  to  the  other, so that  tracklng  adjustments 
could  be  made In th l s   t es t   se r les ,  It was  necessary  to go 
through all targets  In flxed  order 

Appendlx A 
Page 1 of 7 



TDC  R-414 

4.  Manual  Actions 

Thls  was a count of all manual  actlons  involved  in  track- 
lng, wth  the  exception of sequencing. It is the   sum of 
the  followmg  kmds of manual  actlon which wlll be  further 
defmed  below 

(a) Independent  Symbol  Reposltionmge. 
(b)  Total  Course  and  Speed  Corrections 

5 Independent  Symbol  Repositlonlngs 

This 1s a count of the  tlmes  symbol4  were repositioned with- 
out  course or speed  insertion 

6 Total  Course and Speed  Correctaons’ 

This  measure 1s the   sum of both  klnds of course  and  speed 
correctlon,  those  made  with  the  stlck,  and  those  made  with 
the  course  and  speed  inserts. 

7 Manual  Course  and  Speed  Correctlons 

Thls  measure is a count of the  course  and/or  speed 
corrections  made  uslng  the  course  and  speed  Inserts. 

8 Stick  Insertlons of Course  and  Speed 

This 1s the  number of course  and/or  speed  lnsertlons  made 
using  the  tracking  stlck 

The  baslc  purpose of the  experiment  was  the  comparlson of the 
three  modes of tracking. In this  comparison, two  essent1aI  aspects of 
performance  were  consldered:  trackmg  effectlvenesq  and  tracker  work- 
load,  or  effort  expenditure 

In  this  study  tracking  effectlvenesa  was  evaluated  by  two  measures 

(a) The  ability  to  effectively  keep  the  gate  symbol at the  actual 
location of the  target, whlch was measured by mlsses ,  as 
defined  above,  and 
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(b) The  ablllty  to  track  targets wrth  a mlnlmum of con- 
fusion  measured by re-ldents.  as  deflned  above 

Tracker  effort  was a more  nebulous  crlterlon  and w a s  scored  by 
two measures   a lso 

(a) The  total  correctlve  actlon  performed  to  lnsure  the 
posltlonlng of the  symbol w t h  Ita approprlate  target 
whlch  waa determmed by total  mansal  actlon  measures, 
a~ deflned  above,  and 

(b)  The  effort whlch was expended  to  get  the  target-symbol 
palr   requlrlng  correctlon 

Thle  latter  meaeure was determmed by sequenclng  movements, as 
deflned  above 

In a eense,  these two crlterla  are  functlonally  related In than an 
lncreaee In tracklng  effectlveness would usually  be  expected  to  requlre 
an lncrease rn tracker  effort  The  optlmum le to  obtaln maxlmum 
effectlveness In tracklng  wlth a mlnlmum of tracker  effort.  The  above 
four  meaeures  were  consldered  the  maJor  measures of the  experlment. 

B  Statletlcal  Reeults. 

Whlle some  etatlstlcally  s~gnlflcant  dlfferences  and  strong 
tendencles to  dlfferencee  were  shown In the  maJor  measures both  wlth 
respect  to  comparlsons  and  mteractlons,  none of these  were of such 
magnltude as to  lead  to an overwhelmmg  cholce of one  mode (of those 
tested)  over  others  It 16 poeslble  that  thls  conslualon  might  change If 

a more  str lngent  tracklng  problem  were  used  to  stress  the  systems  under 
test  

C. Basic  Data 

The  analysis of varlance was performed  for  each of the  elght 
measures  The  slgnlflcance of the  three  maln variables and t h e n   t h r e e  
fmst  order  lnteractlon was exammed  Ten  statlstlcally  slgnlflcant  results 
(1. e . ,  P = 05 mdlcatlng  results  capable of belng  repeated  at  least 95 
tlmes  out of  100 such  experlments)  were  found  The  slgnlflcance  level 18 

the probablllty  that  one  w11  Incorrectly  state  the  dlfference  exlsts,  when 
none exls te ,  

Appendlx A 
Page 3 of 7 



TDC R-414 

The  significant  results  were 

1 

2 

3 

4 

5 

6 

7 

8. 

9 

10 

Modes  dlffered an number of mis ses  

Modes  differed  in  the  number of manual  actions (excluding 
sequencing  movements)  they  requmed. 

Modes  dlffered In total  course  and,  speed  lnsertlons  or 
correctlons. 

Modes  dlffered In manual  courae  and  speed  lnsertlons  or 
correctlons 

Modes  dlffered In course  and  speed  lnsertlons using the 
track  st ick.  

Modee differed In the  number of srmple  reposltlonlngs 

Trackers  dlffered In  the  number of re-ldents  they  requlred 

Trackers  dlffered In the  average  numbers of s lmple  reposi-  
tlonlngs  they  made 

Areas  dlffered in the  re-ldents  requlred 

There was an  interaction  (whlch 1s to   say  the  resul t  1s a 
mutual  or  reciprocal  action  between  the  two  variables)  be- 
tween  modes  and  trackers  with  regard  to  the  number of s ~ m p l r  
reposltlonlngs. 

The  followlng are  summary  tables  for  the  above  mentloned  differen: es 

-MODES 

Track  Stlck C I S  
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TRACKERS 
A B C 

Re-idents 
12 16 21 Simple  Rep. 

3 2 3 

t 

AREAS. 

Re -1dente 2 I 5 I 2 
NEW YORK I CHICAGO [ INDIANAPOLIS 

T 
R A  

c c  
K 

Slmple Rep A B 28 35 

E 
R 
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SYMBOL 

WORK LOAD  MEASUREMENTS 
MINOR  MEASURES 

COURSE 

TRACKER AREA 

A CHICAGO 

INDIANAPOLIS 71 2 6  I I 57 I 40 110 I 

B 

INDIANAPOLIS 

0 24 



WORK LOAD  MEASUREMENTS ?J 
MAJOR  MEASURES A 

IP 
r 

TRACKER  EFFECTIVENESS TRACKER EFFORT 

R E   D E N T  I MISS MANUAL ACTION SEQUENCES 

A 

14 

INDIANAPOLIS 49 

o m  INDIANAPOLIS 43  
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APPENDIX B 

CONTROLLER CONFIGURATION 

STATISTICAL  MEASUREMENTS,  DEFINITIONS AND DATA ANALYSIS 

Thls  appendix  contalns  the  deflnltlon of measurements  and  baslc 
data  results  obtained In the  controller  conflguratlon  experlment  performed 
durlng Phase I of the  teat   program  from  September 8 through  September 
19, 1958. Contalned  herein are the  results of thls experiment  analyzed 
by FIL. 

A. Measurements - Deflnltlons 

The  measurements  taken  for  the  controller  configuration test 
serles were  comblned  into  f ive  summary  measures 

1. Tracking  Actlone  This 1s the sum  to ta l  of all the  manual 
actions  performed by the  teams  in  the  course of each  problem 
run  These  conslsted of veloclty  correction  count,  and  the 
sequence  count  Re-identlflcatlon occasions were  dropped 
out  because of the small count  However, the vectors  that 
made up these  turns  were  Included In the  vector  count  under 
control  actlone. 

2. Control  Actions  This is the  aum  total  of a l l  the  actions  used 
to  haneuver  aircraft   to  provlde  separation.  These  consisted 
of vectors,  altltude  changes,  and  holds  There  were no holds 
recorded  during  the  problem  to  include In thls measure .  

3 Conflrctiona.  Conflrctlng  aircraft  were  those  having  less 
than fwe miles lateral  eeparatlon  and  withln 1000 feet 
vertlcal  separation. An un-coordlnated  crossmg of sector  
boundarles  were  also  considered a confliction 

4. Communlcatlon  count is defrned as the total  number of t imes 
the t e a m  pushed  the  buttone on thelr   head  sets  to  talk  durlng 
each  45  mlnute  run. 

5 .  Communlcatlon  tlme 16 defined as the total  length of time 
In  seconds  the  push  to  talk  buttona  were  held down  by the 
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teams  during  each 45  minute  run  This  measure  included 
both  atr-ground  and  ground-ground  communication 
Recording  methods  prevented  separation of the  two  message 
types 

B Statlatical  Results 

The  two  controller  configuration  (each  controller  doing  his 
own tracking)  can  handle  the  same  amount of traffic  more  safely 
than  the  controller-remote-tracker  configuration.  There  weye 
more  conflictions when the s a m e  problem  was  handled by the 
two-man  teams  arranged  in  the  controller-remote-tracker 
configuration  than  when  they  were  in  the  controller-controller 
conflguratlon  (each  doing  hls own trackine) 

The  presence of alpha-numeric  information on the  scope  face 
versus  an  Indicator  light  next  to  the  appropriate  fllght  strip 
did  not  show a measurable  difference  in  performance  in  these 
tests 

C Basic  Data 

The  axlalysls of variance  was  performed  for  each of the  flve 
summary  measures   and  eome  sub-measures   that   were  deemed 
important 

The  significance of the  three maw variables  and  their   three 
first order  interactions  was  examined.  Seven  statlstlcally 
significant  results  were  found  The  slgnxflcance  level is 
the  probability  that  one  wlll  incorrectly  state a difference 
exists,  when  none  exists. In thls  report,  the 05 level 
(capable of repeating  the  results at least  95 t imes out of 100 
such  experiments)  was  considered statistically signlficant  and 
the 10 level  (capable of repeatmg  the  results at leas t  90  t imes 
out of 100 such  experiments)  was  considered  deserving of some  
mention as a trend  indication 

The  significant  results  were 

1 Configurations  differed  in  the  average  number of confli- 
ctions  occurring  per  run 

2 Configurations  differed  in  the  number of control  vectors 
(or  headlng  changes)  given  per  run  This is a sub-measure 
of control  actions 
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3 .  Configurations  differed  in  the  number of tracklng  actions 
per  run  However,  when  total  tracking  actions is further 
subdivided. It 1s found that  this  difference 1s due  only  to 
sequencing  and  not to other  trackma  actions 

4 T e a m  dlffered  In  the  number of confllctlona  occurmg 
per   run  

5. Teams  differed  in  the  number of communications  per  run, 

6 There  was  an  interaction  (which 1s to   say  the  resul t  I B  a 
mutual  or  reciprocal  actlon  between  the two variables) 
between  conflguratlons  and  alpha  numeric  condltlon  mth 
regard  to frequency of communlcatlons. 

7 .  Conflguratlons  interacted  with  teams  with  regard  to  the 
duration of communlcatlons  There  was  some  tendency 
for  conflguratlona  to  dlffer  in  the  number of control 
actions  gwen  per  run. 

Configuratlons  did  not  dlffer  in  communication  frequency 
or  duration None of the  flve  summary  measures  showed 
any  dlfference,  between  the  operation  with  and  wlthout 
alpha  numeric  information 

The  following  are a summary  tables  for  the  above  mentioned 
differences 

Number 
Confllctlons 

Tracking  Actions 
Control  Vectors 
Control  Actions 

Conf~guratlon 

38 30 

- 0 5  
05 
05 

-10 

level 
level 
level 
level 

#1 Teams # 2  
Confllctlons 1 I 3 05  level 

Communlcatlon  Count 152 103 01 level 
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Total  Trackmg  Actions 05 level 
Sequenclng 05 level 

Total  T.A  minus 359 412 Not  Signlflcant 
Sequenclng 

The  remalnlng  tables  concern  lnteractlons 

Conflguratlon 
Communlcatlon 

112 155 No Alpha 

CT  CC 
Gaunt Alpha . 01 level 131 11 0 

7 

Conflguratlon 
Communlcatlon 

Time 1 1  01 level 

Team 
438 440 

*CC - 2 controller  conflguratlon 
> K T  - Controller-tracker  contlguratlon 

These  data  were  normallzed  before  analysls.  The  Table  entrles 
represent  the  values  re-transformed Into thelr   orlglnal  form.  There- 
fore,  the  column o r  row averages  are  not  necessarlly the arl thmetlc 
average of the  entrles In the  respectlve  row  or  column In the  basic data 
table  following 
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BASIC  DATA  TABLE 

CONTROL 
ACTIONS 

Alpha 

No Alpha 

Alpha 

No Alpha 

CONTROL 
VECTORS CONFLICTIONS 

TOTAL  TRACKING 
ACTIONS  SEQUENCING 

COMMUNICATION 
COUNT 

I 

COMMUNICATION 
TIME 

, 1 

CC - 2 Controller  Conflguratlon 
CT - Controller - Tracker - Confrguratlon 

T - T e a m  
R - Replxat lons  
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APPENDIX C 

SRS-1 TRACK  STICK  EXPERIMENT 

STATISTICAL  MEASUREMENTS.  DEFINITIONS AND DATA ANALYSIS 

Thls  Appendlx  contans  the  deflnltlon of measurements,   and  basic 
data  results  obtained In the  Track  Stick  Experiment  performed  durlng  Phase 
I1  of the  test  program  from  November  10  through  November  21,  1958 
Contalned  hereln  are  the  results of thls  experlment as analyzed  by FIL 

A Measurement  Deflnitlons 

1 Misses-  The  number of sweeps a tracklng  symbol  was 
"off" the  target  Being off the  target  was  defined as 
when  the  center of the  target was not  enclosed or touched 
by  the "C" tracking  symbol  These  data  were  taken  by 
assigned  observers 

2 Tracklng  Actions 

(a) Sequence  Count  The  number of t lmes  the  t rackers  
pushed  the  sequence  button  to  obtan a desired  t rack-  
Ing channel  during  the 12 minute  recordmg  perlod 

(b)  Track  Slgnal  Count.  The  number of t imes  the  t rackers  
pushed  the  track  slgnal  to  reposltlon  the  symbol on the 
target  during  the  12  minute  recordmg  perlod 

(c)  Veloclty  Correction-  The  number of t lmes  the  trackers 
pushed  the  veloclty  correctlon  button  to  Insert a veloclty 
change  in a tracklng  channel 

B Statlstlcal  Results 

In Experiment No 1 there  was  no  slgnlflcant  difference  at  the 
05  level  (capable of repeatmg wrth  the  same  results 95 t lmes 

out of 100 such  experiments)  in  workload  or  accuracy  measure- 
ments  However,  there  was a strong  tendency,  rellable at the 

10 level  (capable of repeating  with  the  same  results 90 t lmes 
out of such  experiments)  for  the  force  st lck  to  have a grea te r  
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number of m l s s e s  In  thls  experiment  the  trackers  averaged 
35 more   ml s ses   pe r   run  wlth  the force  stlck  than  wlth  the 
position  stlck 

In Experlrnent No 2 there  were  no  slgniflcant  dlfferences 
However,   the  trackers  averaged  elght  more  mlsses  per  run 
wlth  the  force  stlck  than  with  the  posltlon  stlck 

Experlment No 3 was  Identical to Experlrnent No 1 wlth  the 
exceptlon of havlng  only s l x  runs In  thls  experlment  the  trackers 
averaged 40 more   misses   per   run   wth   the   force   s t lck   than   wi th  
the  posltlon  stlck,  lndlcatlng  no  learnlng  factor  was  mvolved  from 
the first experlment No slgnlflcant  differences  were  found  In 
Experlments 2 and 3 malnly due to  the  llmlted  number of runs.   Th 
strong  tendency  shown  in  Experlment No 1 was  again indicated in 
Experlment No 3 

C Baslc  Data 

The  followlng  were  the  slgnlflcant  results  in  the  track  stlck 
experiments 

Experlrnent 1. 

1 Track  sticks  were  not  signlflcantly  different In velocity  count, 
sequence  count,  or  track  slgnal  count  The mlss count  was 
not  slgnlflcantly  dlfferent  for  the  two  sticks,  although  there 
was a strong  tendency  for  the  force  stlck  to  have a grea te r  
number of misses  The  dlfference  was  reliable  at  the 90 
level of confldence  (capable of repeatlng 90 t lmes out of loo), 
not  quite  reachlng  the 95 level  (capable of repeatlng  95  tlmes 
out of 100)  arbltrarl ly  defined as establlshlng  slgnlflcance 
for thls   ser ies  of experiments 

2 There  were  slgnlflcant  dlfferences  among  the  trackers  (SubJerts:  
In  the  experiment  In  the  track  count,  veloclty  count,  and 
sequence  count  measures  The  trackers d1d not  differ  In 
the  number of mlsses,  however 

3 The  Interaction of stlcks  and  trackers  was  not  slgnlflcant 
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Experiment 2 

In  the  experlment  with  the  untrained  or  unpractlced  trackers, 
no slgnlflcant  differences  were  found  between  stlcks  or  trackers 
In  any of the  measures  (misses, t rack signal, velocity  count, 
sequences) It  was  not  possible  to  make a statlst lcal   test   on 
the  Interaction 

Experiment 3 

No dlfferences  were  found significant in the  third  experlment 
which wan done  with  the  experience  trackers  It  was  not 
possible  to  make a statist ical   test  of the  signlficance of the 
Interaction  between  etlcks  and  trackers  because of the  limited 
number of runs 

APPENDIX C 
BASIC  DATA TABLE 

EXPERIMENT NO 1 - TRACK  STICKS 

MqSES VELOCITY  COUNT 
Force,Stick Position  Stick 
R1 R2 

142 82 184  162 Tracker  3 
160 130 198 170 Tracker  2 
104  136 118  130 ‘Tracker 1 
R2 R1 

. TRAFKCOUNT 
Force  Stick 

147  136  127 139 r r a c k e r  3 
163 99 139 99 Tracker 2 
189 172  156 163 Crracker 1 
R2 R1 R2 Rl 

Position  Stick - 

7 I 

SEOUENCES 
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APPENDIX C 
BASIC DATA TABLES 

EXPERIMENT NO 2 - TRACK  STICKS 

Sequences 
F o r c e   P o ~ l t l o  

103 84 

EXPERIMENT NO 3 - TRACK  STICKS 

racker  2) 228 I 
racker  31 297 1 153 
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APPENDIX D 

FLIGHT PLAN TURNS AND TRIM TAB PLUS VECTORS 

STATISTICAL  MEASUREMENTS,  DEFINITIONS AND DATA ANALYSIS 

Thls  Appendlx  contams  the  definltlon of measurements  and  baslc 
data  results  obtaned In the  Flight  Plan  Turns  and  Trim  Tab  plus  Vectors 
experlment  performed  durtng  Phase I1 of the  test  program  from  December 
1 through  December 12, 1958.  Contained  hereln are the  results of thls 
experlment as analyzed  by  FIL. 

A Measurement  Deflnitlons 

1 Mlsses  The  number of sweeps a tracking  symbol .- xs off 
the  target,  defined as when the  center of the  targe  not 
enclosed  or  touched  by  the "C" tracking  symbol  These 
data  were  taken by assigned  observers.  

2 Retdentiflcatlons.  The  number of t lmes  the  tracker  felt   he 
had  lost   track of the  target  identifies  and would have  had  to 
call  for  identlty  turns In an  operating  ATC  system. 

3 Tracking  Actions 

Sequence  Count  The  number of t lmes  the  trackers 
pushed  the  sequence  button  to  obtain a deslred  channel 
during  the 17  minute  perlod. 

Track  Slgnal  Count  The  number of t lmes  the  trackers 
pushed  the  track  signal  button  to  allow  the  track  stlck  to 
reposltion  the  symbol 

Veloclty  Correction  The  number of times the  t rackers  
pushed  the  veloclty  correctlon  button  to  Insert a veloclty 
change In a tracklng  channel 

An addltlonal  type of measure  was  taken  as a check  on 
the  uttlity of the  equipment.  The  number of tlmes  the 
operator  used  the  heading  and  speed  features of the trim 
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tabs  was  recorded  Obvlously  thls was only  an  observ- 
ation  and  not am a quantltatlve  measurement 

B Statistlcal  Results 

The  addition of fllght  plan  turn8  slgniflcantly  reduced  (capable 
of repeating  wlth the same remultr at leas t  95 t imes out of 100 
such  experlmenta)  velocity  count  and  mlsses  Trlm  tabs 
significantly  reduced  (capable of repeat lng  wth  the  same  resul ts  
at   leaet 95 tlmes  out of 100 much exper1menU)  track  count, 
veloclty  count,  and  sequence..  The  obhervatlonal  data on 
frequency of use of trlm  tabs  indicated  that the speed trlm tab 
waa used  very  infrequently 

C. Basic  Data. 

The  analyslr of variance wan performed  for  each of the flve 
meaEUreB. The  eignlficance of the  three  main  varlables  and 
them  three flrmt older  interactlona wan examined  Eleven 
statistically  Blgnificant  reeultm  were  found.  The  significance 
level 1s the  probability  that  one  will  incorrectly  state a 
difference  exists, when none  exlsts. In thla  report,  the 05 
level  (capable of the  results  repeatlng  at   least  95 tlmee  out of 
100 such  experlments) wae consldered  statlstlcally  slgnlflcant 
and  the .10 level  (capable of the  result8  repeatmg at least  90 
t imes out of 100 euch  experlments)  was  consldered  deeervlng 
of some  mention a0 a trend  indlcatlon. One such  result  wan 
found , 

The  significant  results  were 

1. Trackers  differed In all the  five  measures  taken  (track 
count,  velocity  count,  sequences,  re-ldents,  and  misses) 

2 .  Flight  plan  turn#  differed  in  veloclty  count  and  mmse8 

3. T r i m  tab. differed  in  track  count,  velocity  count  and 
eaquencem. 

4. There waS an interaction  (which ib to say  the remult is a 
mutual  or  reciprocal  action  between  the two variableo)  be- 
tween  tr lm  tabs  and  trackers  with  regard to seauencem. 

The  important trend resul t  wan 

1 Flight plan  turn8  differed  in trark count. 
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Average  Number of 
Track  Count 
Veloclty  Count 
Sequences 
Re-Idente 
Misaee 

TRACKER 

302 

36 22 

(Trend) Track  Count 
Veloclty  Count 
h s s e e  

TRIM  TABS 

I With I Wlthout 1 
Track Count I 126 I 16 1 I 
Velocity  Count 
Sequences 20 2 280 I 00 I 128 

The  remanlng  table  concerns  an  lnteractlon 

TRIM  TABS 
With Without 

Sequences  Tracker 1 
355 240 Tracker  2 
20 6 154 
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B M l C  DATA TABLE 

Trlm Tab. 

Wlthout 
Trxm Tab. 

vector. 

Trlm Tab. 

Trim Tab. 
vcc10r. 

I 
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APPENDIX E 

SIMULATED VG TYPE DISPLAY VERSUS SRS-1 

STATISTICAL  MEASUREMENTS,  DEFINITIONS AND DATA ANALYSIS 

Thls  Appendlx  contams  the  deflnltlons of measurements  and  baslc 
data  results  obtamed In the  slmulated VG type  Dlsplay  versus  SRS-1  experl- 
ment  performed  durlng  Phase I1 of the  tes t   program  from  January 5 through 
January 16,  1959 Contalned  hereln  are  the  results of thls  experlment as 
analyzed  by  FIL 

A Measurement  Deflnltlons 

Flight  maneuvers  imposed on a r c r a f t  by  ATC A count 
was made of controller  vectors  glven  for  re-ldentlflcatlon, 
separat ion,   or   re turn  to   a i rways 

Altltude  changes  imposed  by  ATC  Pllot  requested 
altltude  changes  were  not  Included 

Confllctlons  occurrmg  were  counted A confllctlon  was 
defined  here as any  case  In  whlch  two  or  more  alrcraft  
were  wlthln  1000  feet  vertical  separatlon  and  at  less  than 
f lve  mlles   la teral   separat lon 

Aircraf t  off arways  lnstances   were  counted It was  con- 
sldered  the  controller 's   responslbll l ty  to  warn  alrcraft   when 
they  were  drifting off arway  boundarles  deflned as seven 
mlles  on elther  slde of the  centerllne  Instances  when 
arcraf t   d r l f ted   ou ts lde  of these llmlts were  tal l led 

Communlcatlon  Count  Deflned as the  total  number of 
times  the  controllers  pushed  the  microphone  button to 
talk  durlng  each 45 mlnute  run 

Communication  Tlme  Deflned as the  total  length of t lme 
In  seconds  the  mlcrophone  buttons  were  held down  by  the 
controllers  durlng  each  45  mlnute  run  Thls  measure 
Included  both  alr-ground  and  slmulated  ground/ground 
communlcatlons  to  adlacent  centers  and  towers 
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B Statlstical  Results 

There  were  slgniflcant  differences  between  the SRS and VG 
type  systems In the  following  measurements 

1 The  number of altltude  changes  Imposed by ATC per run 
averaged  eight when the VG system  was  in  use,  and  four 
when the SRS system  was  belng  used 

2 The  number of aircraft  allowed  by  controllers  to  drift off 
airways When usmg  the VG system,  these  averaged two 
aircraft   per  run  This  average was  four  per  run  ln  the 
case of the SRS system 

3 Communlcatlon  was  less  frequent  wth  the SRS sys tem 
Communlcatlons  averaged 114 per   run   wth   the  SRS sys tem 
as compared  with 130 with  the VG system  There  was no 
slgnlflcant  dlfference  in  the  number of confllctlons  The 
SRS averaged 2 6 confllctlons  per  run,  while  the VG system 
averaged 3 1 confllctlons  per  run  It w a s  noted  that  some 
controllers  were  better  able  to  work  safely  mth one system, 
whle  others  were  better  able  to  work  safely  wlth  the  other 
For  example,   Controller 1 averaged  four  confllctlons  wlth 
both  systems,  Controller 2 averaged two confllctlons  wlth 
the VG, four   wth   the  SRS, Controller 3 averaged  three 
confllctlons  wlth  the VG system  and  one  wlth  the SRS system 

C Baslc  Data 

The  analysts of variance  was  performed  for  each of the s1x 
measures  as follows 

Number of confllctlons 
Altltude  changes  Imposed  by  ATC 
Vectors  Imposed  by  ATC 
Message  frequency 
Message  tlme  duration  per  run 
Number of alrcraft  not  redlrected  to  alrways 

The  experlmental  deslgn  allowed  the  testing of the  statlstlcal  signlfi- 
cance of the  followng  factors: 

Dtfferences  between  the SRS and VG 
Dlfferences  between  controllers 
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Interactions  between  controllers  and  scope (1 e SRS and VG) 
Interactlons  between  controllers  and  problems 
Interactlons  between  scopes  and  problems 

The  fact  that  the  experimental  design  allowed  the  testlng of these 
factors  for  such of the  five  variables  listed  above  meant  that  the 
total  number of hypotheses  which  could  be  examlned was 30 

Of the 30 signlflcance  tests  made, 11 were significant at the 95 pe r  
cent  level of confldence  The  slgnlfxant  results  were as follows- 

SRS and VG dlffered In 

Altitude  changes 
Number of a l rcraf t  off amways 
Message  frequency 

Controllers  dlffered  in 

Conflictions 
Number of amcraft  off airways. 
Message  frequency 

Problems  differed  in. 

Vectors  imposed 
Altitude  changes 
Number of a l rcraf t  off airways 

There  were  slgnlfxant  interactions  between 

ControllePs  and  scopes  in  number c o n f ~ ~ r t ~ o n s  
Scopes  and  problems  in  number  alpcraft off alpways. 

There  was a tendency  for  the  mteractlon  between  scopes  and  ppoblems 
to be  significant  with  regard  to  conflicts 

Observations of "hold" or  delays  to  amcraft   weIe  made,  but  these 
occurred so Infrequently  that  an  analysis  was  not  made  Note- 
Identlty  confueions  were  also 80  infrequent as to  prevent  analysls 
Note:  The  three  kmds of vectors  were  combmed  The  slgnlficant 
results are  preeented  in  tabular  form  below- 
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Altitude  Changes 
Number h r c r a f t  off airways 
Message  Frequency 

CONTROLLER 

Confllctlons 
Number h r c r a f t  off alrways 
Message  Frequency 

PROBLEMS 

Vectors  Imposed 
Altitude  Changed 
Number h r c r a f t  off airways 

SIGNIFICANT  INTERACTIONS 

Controllers  and 1 4 ( 3  9 )  
Scopes  in 2 3 ( 2  ‘i) 
Confllctlons 3 2 ( 1  9) 

Av 3 ( 3  1) ? ( 2  6 )  

Scopes  and 2 
Problems In Problem 1 
Number of h r c r a f t  3 
off h r w a y s  Problem 2 
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INTRODUCTION 

The SRS equlpment was developed  by  Alrborne  Instruments  Laboratory 

f o r   t h e  Army S igna l  Corps SRS i s  an electronic system  vhich  enable6 

an   ope ra to r   t o   pos l t l on  a t r a c k m g  symbol or gate   over   radar   t a rge ts .  

The b a s i c   c o n t r o l  is the  t r ack ing   s t l ck   t h rough  which the opera tor  

r e p o s l t l o n s   t h e  symbol. When he does t h i s  the machlne au tomat lca l ly  

.smputes a new ve loc l ty   vec to r   t ha t   can  be i n s e r t e d   i n   t h e   t r a c k l n g  

channel   by  presslng a button.  Thus,once  the  gate  has  been  placed on a 

t a r g e t  and t h e   c o r r e c t   v e l o c l t y   m s e r t e d , l t  wlll s t a y  w l t h  t h e   t a r g e t  

unless  an  abrupt  change  of  course 1s made by the   t a rge t .  Manual v e l o c l t y  

and course   cor rec t lons  may be made I n  a computer  nhlch is p a r t  of the  

system. In a d d l t l o n  t o  ra te-aided  t racklng,   automatlc   t racking is 

available. It was f e l t  by In t e re s t ed   peop le   t ha t  it would  have some 

value I n  a l r   t r a f f l c   c o n t r o l .  From t h l s  developed a TDC p r o J e c t   t o  

e v a l u a t e   t h e   e q u l p m e n t   f o r   p o s s l b l e   a p p l l c a t l o n   t o   a l r   t r a f f l c   c o n t r o l .  

The eva lua t lon   tes t s   a re   be lng   conducted  by the  Technlcal  Develop- 

ment Center ,   ass l s ted  by F r a n k l i n   I n s t i t u t e   L a b o r a t o r l e s   p e r s o n n e l ,   a t  

AIL, Mlneola, L.  I. Thls repor t   covers   the  f lrst  phase  of  the  evalua- 

t lon,   the   t racklng  experlment .  

PlTRPOSE 

The general   purpose o f  the   t rackmg  phase  was t o  examme the   accuracy  

and r e l l a b l l i t 4  wlth whlch t y p l c a l   a l r   t r a f f i c   c o n t r o l   p e r s o n n e l  could 

t r a c k  a sample of s l m u l a t e d   a m c r a f t   u s i n g   d i f f e r e n t  modes of opera t ion  

of t h e  SRS equlpment. 
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METHOD AND PROCEDURES 

The v a r i a b l e s   t h a t  were  Included  In   thls   phase  are  a s  follows: 

(1) Trackers  

( 2 )  Area maps ( Indlanapol l s ,  New York, and  Chlcago). An appropr l a t e  

t r a f f l c  sample of t h e  same s i z e  was used I n  each  area.   Each 

a r e a  map was a separate  problem i n  i t s e l f .   T h a t  i s ,  the s lmula ted  

t r a f f l c  on the   Ind lanapol i s  map was Intended t o   r e p r e s e n t  a t y p i c a l  

ove r f l i gh t   p rcb lem  a rea .  New York  was an  outbound  problem  and 

Chlcago  an  arr lval  problem. 

( 3 )  Modes of   operat lon.  The 3 modes were as   fo l lows:  

( a )  Mode 1 - The t r a c k e r   r e p o s l t l o n s   t h e   g a t e  symbol n t h  a pos l -  

t l o n   s t l c k  and t h e  machlne au tomat l ca l ly  computes  speed  and 

course.  The t racker   never   uses   course   and   speed   inser t s  

of any  type. 

(b)  Mode 2 - The t r a c k e r   r e p o s l t l o n s   t h e   g a t e  symbol wl th   t he  

s t l c k  and t h e  machme  computes  course  and  speed, o r  t h e  

t r a c k e r  may use  the"ne$type  course and   speed   In se r t s   t o  

se t  t h e s e   d a t a   I n t o   t h e  machine. 

( c )  Mode 3 - The t r a c k e r   u s e s   t h e   s t l c k   f o r   r e p o s l t i o n l n g   o n l y  

and  he  uses  the"new"course  and  speed  Inserts t o   p u t   s p e e d  

and course  into  the  system. The machlne  does  not  compute 

course  and  speed. 
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Three   l eve ls  of t h e   t h r e e   v a r i a b l e s   y i e l d e d  27 combinations of 

condi t ions,   each one  of  which  was r u n   o n c e   i n  random order  i n  a 

fac tor ia l   des ign   as   ske tched   be lowt  

The two consoles  were rendered  approxlmately  comparable  equlgment- 

wise  by  covering over ce r t a in   f ea tu re s   un ique   t o   each   conso le .  The exper l -  

ment was  done w i t h   l i v e  and  simulated  radar mlxed.  This 1s advantageous 

I n  t h a t   t r a c k i n g  1s done i n  r e a l i s t i c   c l u t t e r .  A dlsadvantage 1s that  

t h e   c l u t t e r   v a n e s  from tune t o  tlme or day   t o   day  and thus l e a d s   t o  

less s t a b l e   d a t a .   E x c e p t   f o r   t h i s   l n s t a b i h t y  of  t h e   d a t a   t h i s   s l t u a -  

t i o n  may n o t   s e r i o u s l y   a f f e c t  the l n t e r p r e t a t l o n  of t he   da t a   s lnce  the 

sequence of runs  1s randomzed. 

The subjects   were 3 r ada r   con t ro l l e r s ,  one  from N Y . ,  one from 

Indianapolis, and  one  from  Chicago.  They  had  extenslve  practice wlth 

the  equipment   before   the  experiment   s tar ted.  The subJects  were  aware 
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of the  purpose  of   the  experimsnt   and  the  fact   that   the  same th ree  

t r a f f l c   s a m p l e s  would be used  throughout  the  experiment. 

DEFINITIONS OF MEASURES TAKEN 

The d e f l n l t l o n s  of the  measures  of  performance  and  workload made I n  

thls  experlment  appear  below. I n  a l l  cases   except  misses and  re-ldents,  

the data   were  taken  automatlcal ly  with counters.  

1. Misses: 

The number of  sweeps a t r a c k m g  symbol was "of f"   the   t a rge t .  

Belng o f f   t h e   t a r g e t  was d e f l n e d   a s  when t h e   c e n t e r   o f   t h e  

t a r g e t  was not   enclosed or touched  by  the "C" t r ack ing  symbol. 

These  data  were taken by  randomly  assigned  observers. 

2. Re-ldentsr 

The number  of tunes the t r a c k e r   f e l t   h e  had l o s t   t r a c k  of the 

t a r g e t   i d e n t i t i e s  and  would  have  had t o   c a l l   f o r   i d e n t l t y  turns 

I n  an  operatlng ATC system. Since  alpha-numeric  lnformation 

was n o t   t o  be assoc la t ed   w i th   each   t r ackmg symbol, It was n o t  

p o s s l b l e   t o  use a more obJec t ive  method o f   r eco rd ing   i den t i ty  

confuslon. 

3 Sequences I 

The number of t imes   the   t racker   pushed   h i s   sequence   bu t ton .  

Thls bu t ton  moved the  symbol l e a d e r  and cont ro l   f rom one 

t a r g e t   t o   t h e   o t h e r ,  so tha t   t rack ing   ad jus tments   could  be made. 

It was n e c e s s a r y   t o  go  through all t a r g e t s  i n  f ixed   order .  
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b .  Manual a c t l o n s r  

T h l s  was a count  of a l l  manual ac t lons   Invo lved   In   t r ackmg,  

wl th   the   except lon  of sequenclng. It 1 s  the sum of t h e  follow- 

l n g   k m d s  of manual a c t l o n  whlch 1.1111 be   fu r the r   de f lned  below: 

(a)  Independent Symbol Repos l t lon lngs  

(b) Total  Course and  Speed  Corrections 

5. T o t a l  Course  and  Speed  Correctlons 

This  measure 1 s  t h e  sum of bo th   kmds  of course  and  speed 

cor rec t lon ;   those  made w l t h  the s t l c k ,  and  those made with the  

course  and  speed ~ n s e r t s .  

6. Manual  Course  and  Speed  Correctlons 

Thls  measure is a count of  the   course   and/or   speed   cor rec t lons  

made uslng  the  course  and  speed Inserts. 

7. S t l c k   i n s e r t i o n s  of Course  and  Speed 

This  1s t h e  number of  course  and/or  speed  lnsertlons made us lng  

t h e   t r a c k l n g   s t l c k .  

8. Independent Symbol Reposl t lonlngsr  

Thls  1 s  a count  of the  t imes  symbols   were  reposl t loned  ul thout  

course o r  speed   l n se r t lon .  

RESULTS 

The bas l c   da t a   appea r   i n  Appendlx A. 

The a n a l y s i s  of va r l ance  was performed f o r  each of tk elght   measures .  

The s i g n l f l c a n c e  of the 3 maln v a r l a b l e s  ana t h e n   t h r e e  f l r s t  oraer  
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l n t e r a c t l o n  was examlned. Ten s t a t l s t l c a l l y   s l g n l f l c a n t   r e s u l t s  

(..e., P = .Os or  l e s s )  were  found. The s i g n l f l c a n c e  l e v e l  

1s t h e   p r o b a b l l l t y   t h a t  one will l n c o r r e c t l y   s t a t e   t h a t  a d l f f e r e n c e  

e x l s t s ,  when none e x i s t s .  

The s l g n l f l c a n t   r e s u l t s  were: 

1. Modes d l f f e r e d  I n  number of mlsses. 

2. Modes o l f f e r e d  I n  the number of  manual ac t lons   (exc luding  

sequenclng movements) they  required. 

3 .  Modes d l f f e r e d   I n   t o t a l   c o u r s e  and  speed m s e r t l o n s   o r  

co r rec t lons  

li. Modes d l f f e r e d  I n  manual course and speed  lnser t lons or 

co r rec t lons  

5. Modes d l f f e r e d  I n  course  and  speed  inser t ions using t he   t r ack  

s t l ck .  

6. Modes d l f f e r e d  I n  t h e  number of s imple   repos i t ion lngs  

7. Trackers d l f f e r e d  I n  the  number of   re - ldents   they   requi red  

8. Tracke r s   d l f f e red  I n  the  average  numters of s imple   repos i t lon-  

lngs  they made. 

9. Areas   d l f fe red  I n  the   re - idents   requi red .  

10. There was an   ln te rac t lon   (whlch  1s t o  say t h e   r e s u l t  1s a 

m u t u a l  or reciprocal actlon  between the two variables) between 

moues and t r a c k e r s   w l t h   r e g a r d   t o   t h e  number of simple 

r epos l t l on lngs .  
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The followmg a r e  sumnary t a b l e s   f o r   t h e  above mentioned d l f f e rences  

--MODES - 
NUMBER 

l 9  1 8  0 S m p l e  Rep. 

0 34 L9 Track   S t ick  C/S 
20 1 0 Manual C/S 

21 37 L 9  T o t a l  C/S 
70 60 50 Kanual  Actions 

1 2  6 6 Mlsses 

111  I1 I 

-TRACKERS - 
A B 

1 2  16 2 1  S m p l e  Rep 
3 2 3 Re-ldents 

C 

-AREAS - 
NEW YORK INEIANAPOLIS CHICAGO 

Re-ldents 2 2 5 

T I11 I1 I 

A A -  

66 1 0 E c ’  

48 36 0 
Slmple Rep. C B 3 s  28 0 

R 
These  data were normallzed  before   analysls .  The t a b l e   e n t r l e s  

r ep resen t   t he   va lues   r e - t r ans fo rmed   In to   t hew  o r lg lna l  form.  Therefore 

t h e  column o r  row averages   a re   no t  necessarily the   a r l t hme t l c   ave rage  

of the e n t r l e s  i n  t he   r e spec t lve  row or column.1n t h e   b a s i c   d a t a   t a b l e  

i n  Appendlx A. 
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There  were 5 r e s u l t s  whlch  approached s t a t i s t i c a l  significance and 

shoula be  mentloned I n  t h l s   r e p o r t   t o  show addl t lona l   t endencles   no t iced  

l n  the  data:  

(1) The th ree  map a r e a s   d i f f e r e d  i n  t h e  number of tracklng  symbol 

mlsses. 

( 2 )  The t r acke r s  and modes showed some i n t e r a c t i o n  when r e l a t e d  

t o   t h e  number o f  t r ack ing  symbol mlsses. 

( 3 )  The t h r e e  map a r e a s   a g a m  showed some d i f f e rences  when r e l a t e d  

t o   t h e  numbers of  sequenclng  actlons.  

( b )  Wlth r e g a r d   t o  manual a c t i o n s ,   t r a c k e r s  and modes showed some 

m t e r a c t l o n .  

( 5 )  hhen r e l a t e d   t o   i n d e p e n d e n t  Symbol r e p o s l t l o n m g ,  modes and 

areas  showed some m t e r a c t l o n .  

INTERPRETATION OF REslltTS 

The baslc  purpose  of  the  experlment was the  comparison of t h e  three 

modes of  tracking. I n  t h i s  comparison, two e s s e n t i a l   a s p e c t s  of per- 

formance  were cons ldered:   t rack lng   e f fec t lveness  and tracker workload 

or e f fo r t   expena l tu re .  

I n  t h l s  s tudy   t racklng   e f fec t lveness  was evaluated by two measurez: 

( a )   t h e   a b l l i t y   t o   e f f e c t l v e l y  keep the ga te  symbol a t   t h e   a c t u a l  

l o c a t l o n  of  t he   t a rge t ,  which was measured  by misses, a s  

deflned  above,  and 
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( b )   t h e   a b l l l t y   t o   t r a c k   t a r g e t s  wl th  a minimum of  confuslon 

measured  by r e - iden t s ,  as deflned  above. 

Controller e f f o r t  was a more nebu lous   c r l t e r lon  and was scored by 

two measures  also: 

( a )   t h e   t o t a l   c o r r e c t l v e   a c t l o n   p e r f o r m e d   t o   I n s u r e   t h e   p o s l t l o n -  

ing  of   the symbol wl th  i t s  a p p r o p r l a t e   t a r g e t  whlch was 

determined  by t o t a l  manual act lon  measures ,   as   defmed  above,  and 

( b )   t h e   e f f o r t  whlch  was  expended t o   g e t   t o   t h e   t a r g e t  - symbol 

p a n   r e q u l r l n g   c o r r e c t i o n .   T h l s  l a t te r  m a s u r e  was determined 

by  sequenclng movements, as   d?f ined  above.  

I n  a sense  these two c r l t e r l a   a r e   f u n c t l o n a l l y   r e l a t e d  I n  t h a t   a n  

Increase I n  t r ack lng   e f f ec t lveness   r equ l r e s   an   Inc rease   In   con t ro l l e r  

e f f o r t .  We would l l k e   t o   o b t a i n  maxlmum e f f e c t l v e n e s s   I n   t r a c k l n g  wlth 

a mlnlmum o f   t r a c k e r   e f f o r t .  

MODES - 
Considering the  comparlson o f  modes I n  terms  of   the  var lables   above,  

some d i f f e r e n c e s   o f   s t a t l s t i c a l   s i g n l f i c a n c e  were shown. As s h o m  

above,   there   were  different   average numbers o f   m l s s e s   p e r   r u n   m t h   t h e  

t h r e e   d i f f e r e n t  modes. (Mode I, 6 r  Node 2,  6;  Mode 3 ,  12). I n   I n t e r -  

p r e t l n g   t h i s   r e s u l t  It must  be  remembered that a d i f f e r e n c e  of 6 mlsses 

whlle  s t a t i s t l c a l l y   s i g n l f i c a n t ,   p o s s e s s e s   l i t t l e   p r a c t l c a l   s i g n l f l c a n c e .  

Eve ry   t a rge t   du r lng   eve ry   s can  of the   t es t   run   represented   an   oppor-  

t u n l t y   f o r  the sco r ing  of  a miss .  Slnce  there   were  approxlmately  ten 
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t a r g e t s  on the  scope a t   a l l  tunes and s i n c e   t h e   t e s t  run l a s t e d   f o r  

approximately 50 scans,   there   were  therefore  500 o p p o r t u n i t i e s   f o r  

s co r lng  a mlss i n   e a c h   t e s t   r u n .   C o n s l d e r l n g   t h l s   f a c t ,  a d i f f e rence  

of 6 mlsses per  t es t  run  does  not seem of  such a magnitude a s   t o  

r e p r e s e n t  a c r l t e r lon   fo r   cho lce   be tween  modes. 

There  were no d l f f e r e n c e s  or tendencles  toward  dlfferences  between 

modes I n  the  number of r e - l d e n t l f l c a t l o n s   r e q u i r e d  or In t h e  number 

of   sequenclng  act lons  requlred.  The numbers of manual a c t l o n s   o t h e r  

than  sequences  requlred were d l f f e r e n t   a s   f o l l o w s r   ( I ,  50; 11, 60, 111, 

70).  The maxmum d l f f e r e n c e  shown here 1s a g a l n   r e l a t i v e l y  s l l gk ,  

belng  of   the  order  of twenty manual a c t l o n s  of  ve ry  short  du ra t lon .  

I n   g e n e r a l ,   t h e r e f o r e ,  It appea r s   t ha t ,  i n  terms of the  measu-es 

of maJor lmportance  taken I n  t h i s  experiment,   there  were no d l f f e r e n c e s  

shown between modes. It 1s poss ib le   tha t   the   d l f fe rences   be tween modes 

may not  be completely shown h e r e   b e c a u s e ,   c o n t r a r y   t o   t h e   e x p e r m e n t e r ' s  

expec ta t lons ,   the   p roblem  g iven   the   subjec ts   for   t rackmg  turned   ou t  

t o   b e  a r a t h e r   e a s y  one. It i s  p o s s i b l e   t h a t  If t h e s e  modes were com- 

pared  under  condltions more s t r e s s f u l   f o r   t h e   s y s t e m s ,   g r e a t e r  d i f f e r -  

ences  would  appear.  Another  aspect of the situation 1s t h a t  the use  

of  background l lve   radar   p robably   Increased  the v a r l a b l l l t y  of t he   da t a ,  

thus  making It more d l f f l c u l t   t o   d e t e c t   d l f f e r e n c e s .  

TRACKERS 

A s l g n l f l c a n t   d i f f e r e n c e  was found  between  the  three  trackers w l t h  
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TRACKERS (cont lnued)  

r ega rd   t o   on ly  one of the  four  maJor measures,  the number of re-identl- 

f i c a t l o n s   r e q u l r e d .   T h i s   d l f f e r e n c e ,   w h l l e   s t a t i s t l c a l l y   s i g n i f i c a n t ,  

amounted to   an  average  valus  of on ly  one r e - iden t l f l ca t lon   pe r  run. 

GEOGRAPHIC& AREAS 

There was a s t a t l s t l c a l l y   s l g n l f l c a n t   d l f f e r e n c e  I n  the number of 

r e - l d e n t l f i c a t l o n s   r e q a r e d ;  New York and Indlanapol i s   requl red   an  

average  of 2 per   run ,  whlle  Chlcago  required  an  average of 3 per   run.  

This   d l f fe rence  may be  due t o  the  a l rway  conf lgura t lons ,   the   spec l f lc  

samples  used f o r  the   a r eas ,  or the   super impos i t lon  of l i ve  radar .  The 

t r a f f l c   l o a d  was roughly  comparable i n  a l l  3 a reas ,  however.  Whlle 

these measu res   a r e   s t a t l s t l ca l ly   Impor t an t ,  the p r a c t l c a l   s i g n l f l c a n c e  

of t h e   d l f f e r e n c e   a p p e a r s   t o   b e   t r l v l a l .  

INTERACTIONS 

There was a tendency  toward  Interaction  between  trackers  and modes 

on  two  of t h e   f o u r  maJor measures, muses and t o t a l  manual ac t lons .  

Thls  means t h a t  some t r acke r s   t ended   t o  make more misses I n  some modes 

than I n  o t h e r s  and t o   e x e c u t e  more manual a c b o n s  i n  some modes than 

I n  o thers .  

No tendencles   toward   in te rac t lon  were shown 1n  the four maJor 

measures  between modes and   a reas ,  or between  trackers and areas .  
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SUMMARY OF MAJOR MEASURES 

While some s t a t i s t i c a l l y   s i g n l f l c a n t   d l f f e r e n c e s  and s t rong   tend-  

encles   were shown in the  major  measures  both  with  respect  to  comparisons 

and i n t e r a c t l o n s ,  it seems c l e a r   t h a t  none of these  were of  such a 

magnitude as   to   l ead   to   an   overwhelmlng   choice  of  one mode (of those 

tes ted)   over   o thers .  It is poss ib le   tha t   th i s   conc lus ion   might   change  

If a more s t rmgen t   t r ack ing   p rob lem were u s e d   t o   s t r e s s  the systems 

unde r   t e s t .  

M I N O R  MEASURES 

There were seve ra l   subs ld l a ry  measures made which  might  lead us t o  

be t t e r   unde r s t and  the opera t ions   involved  i n  the t r a c k i n g   s i t u a t i o n .  

What these  measures  do i s  enable us t o   s u b d i v i d e   t h e  manual a c t i o n s  

i n t o  i t s  component p a r t s r  symbol r e p o s l t i o n ,  use of  course  and  speed 

I n s e r t s ,  and course and  speed  inser t ion by t h e   t r a c k   e t i c k .  From the  

mode d e f i n l t l o n s  it is obv ious   t ha t   t he   d i f f e rences   be tween  the modes 

should ta s i g n l f l c a n t  for t hese  three measures. However, If  one examines 

the   da t a   a s  a t o t a l i t y   c e r t a i n   i n f e r e n c e s  can be made about   the   t rack-  

Ing modes. (Refer t o  P. 7 for summary t a b l e s  for t h e   f o l l o w i n g   a n a l y s i s . )  

We have  seen  above t h a t  the  modes a re   approximate ly  equal i n  t rack-  

lng e f f e c t l v e n e s s  and i n  control ler   workload,   as   measured here by t o t a l  

manual ac t ions .  We no t i ce ,  however, t h a t  i n  Mode I1 where t h e   t r a c k e r s  

were g iven   t he   oppor tun i ty   t o  use e i t h e r   t h e  manual  course  and  speed 

Inserts or t h e   v e l o c i t y  s t i ck ,  they predominant ly   used   the   t rack ing   ekck  
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(3h tunes vs  once were the  average  f igures) .   Except ,   therefore ,  In 

Mode I11 where i t s  use was mandatory,  the  manual  course  and  speed  lnserts 

were ha rd ly  used;, l . e . ,  an  average  of Once o r  l e s s   pe r   run .  

On t he   o the r  hand, we  may examine the  use of t h e   s t i c k   f o r  makmg 

course and speed   l n se r t lons  and f o r  s lmple   repos i t ion lng .  In Mode 111 

fo r   In s t ance ,  we s e e   t h a t   t h e   s t l c k  was used 119 tlmes f o r  Simple 

r epos l t l onmg.  By t h e   d e f l n l t l o n   o f   t h e  moue, t h e  use of t h e  s t l c k  

was restricted t o  t h l s  purpose. The s t l c k  was a l s o  used 119 tunes I n  

Mode I, but  by definition of  the  moue lt could  not be used for slmple 

r epos i t l onmg.   Th i s  1s approximately 15 more t m e s   t h a n  it was used 

I n  Mode I1 ( 3 L )  where the   smple   r epos l t l on lng   op t lon  was ava l l ab le .  

T h l s  d l f f e rence  1 s  probably  due t o  t h e   f a c t   t h a t   t h e r e   a r e  tunes when 

a s lmple   repos l t lonmg  ac t lon   wl thout  a course and  speed  correctlon 1 s  

des l r ab le .  

It would appea r ,   t he re fo re ,   t ha t  manual course  and $eed inserts 

would remain relatively unused I n  a system  and  that   the   provls lon  of  

a s lmple   repos l t lonmg  opt lon  would be des l r ab le .  However, It mlght 

be  well  t o  provlde a comparatlvely  slmple  manual  course  and  speed 

I n s e r t   t o   t a k e   c a r e  of occaslonal  sharp  turns  and  slmllar  occurrences.  
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INTRODUCTION 

T h l s  report   concerns  the  second i n  a se r ies   o f   exper lments   s tudy-  

i n g  the va lues   o f   s emi -au tomat l c   r ada r   t r ack ing   sys t ems   i n   a l r - t r a f f l c -  

cont ro l .  A modlfled SRS-1 system  bul l t   by  Airborne  Instruments   Laborator ies  

f o r  t h e  Army Slgnal  Corps was u s e d   i n   t h i s   s t u d y .  The SRS-1 system 

is an   e l ec t ron ic   r a t e -a lded   t r ack ing   sys t em which enables   an  operator  

t o   m a l n t a l n   t h e   p o s l t i o n   o f  a t r ack lng  symbol or gate   over   se lec ted  

r a d a r   t a r g e t s .  The b a s i c   c o n t r o l s   a r e  a t r a c k i n g   s t i c k  by which t h e  

o p e r a t o r   p o s i t i o n s   t h e  symbol and a v e l o c i t y   c o n t r o l  by which t h e  

o p e r a t o r   c o n t r o l s   t h e   r a t e  of  symbol movement. Once the   ga t e   has  

been  placed  on a t a r g e t  and   t he   co r rec t   ve loc i ty   vec to r   l n se r t ea ,   t he  

ga t e  w l l l  s t ay   w l th   t he   t a rge t   un le s s   an   ab rup t   change   In   head ing  

and/or  speed 1 s  made by t h e   t a r g e t .   C o r r e c t l o n s   t o   t h e   v e l o c i t y   v e c t o r  

may be made manual ly   by  mans  of   course  and  speed  dial   Inser ts  o r  

seml-automatlcally by t h e  systems computer  from  the  tracklng  symbol 's  

displacement .   In   addl t lon  tothe  seml-automatlc  or ra te -a lded   t racklng  

mode, automatic o r  track-while-scan  tracking  can be performed. 

A rnaJor benefl t   der ived  f rom  thls   equlpment  i s  t h e   c r e a t l o n  of 

d isp lays   ln   which   a lphanumer ic   in format lon  is assoc ia ted   wi th  particular 

rada r   s lgna l s .  This  means t h a t   i n f o r m a t l o n   s u c h   a s   i d e n t l t y ,   a l t x t u d e ,  

d e s t l n a t i o n ,   e t c .   c a n  be d i s p l a y e d   a d j a c e n t   t o   t h e   r a d a r   r e t u r n  of t he  

a p p r o p r l a t e   a i r c r a f t .  



PURPOSE 

The f i rs t  experiment  of  this  program  studied  the  varlous modes 

o r  methods  of  using  the  equipment t o   t r a c k   t a r g e t s .  The ma jo r   i n t e re s t  

was the   accuracy  w l t h  which the   t r ack ing  symbol  could  be  maintaineaE 

o v e r   t h e   a p p r o p r i a t e   t a r g e t .  In t he   p re sen t   expe r imen t   t he   In t e re s t  

s h i f t e d   t o   t h e   a c t u a l   c o n t r o l  of a i r c r a f t .  

Two p o i n t s  of i n t e r e s t  were  Investigated.  The flrst ques t ion  

s tud led  was t h e   e f f e c t  on a i r   t r a f f l c   c o n t y o l   p e r f o r m a n c e  of a s s o c i a t -  

ing  alphanumeric  information  wlth  each of t he   r ada r   t a rge t s   ove r   wh ich  

t h e   c o n t r o l l e r   e x e r c i s e d  authority. Targe t   ldent l ty   and  some a l t l t u d e  

information were displayed on the scope n t h   t h e   t a r g e t ;   w h l l e   f l i g h t  

progress   s t r lps ,   conta lnmg  addl t lona l   in format ion ,   were   ava i lab le  

i n  a bay   ad jacen t   t o   t he   r ada r   d l sp l ay .  The a p p r o p r l a t e   f l l g h t   s t r i p  

was lnd lca t ed  by a l i g h t   n e x t   t o  the strip which was i l lu rnmated  

when t h e   c o n t r o l l e r  was leadered   to   the   cor respondlng   t racklng  symbol. 

The above   ou t l lned   s i tua t ion  was con t r a s t ed  n t h  t h a t  I n  whlch no alpha- 

numeric data  were displayed on the  scope.  It should be c a r e f u l l y  

noted  that ,   even under these l a t t e r   c o n d i t l o n s ,   t h e   c o n t r o l l e r  was 

b e t t e r  lnformed of a i r c r a f t   i d e n t i t y   t h a n   w l t h   t h e   u s e   o f  paw r a d a r  

a l o n e ,   s i n c e   t h e   f h g h t   s t r l p  associated with a p a r t l c u l a r  symbol- 

t a rge t   pa l r   cou ld   be   l oca t ed   ea s l ly .  It should be r e a l i z e d ,   t h e r e f o r e  

t h a t  a major  advantage  of  the  tracking  system  exlsted  even I n  the mode 

wlthout  alphanumeric  data  display.  
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The second  quest ion  invest igated was  manpower u t i l i z a t i o n  I n  a 

system composed o f   t he  same general   type  of  equipment  as  the SRS system. 

Systems of t h i s   t y p e  are p a r t i c u l a r l y  well adapted  to   remote  t racking$ 

i . e . ,  a system i n  which t h e   t r a c k i n g   t a s k  IS done by  another member 

of the system  and  the  controller i s  only  concerned wlth t h e  c o n t r o l  

o f   t h e   a i r c r a f t .  T h l s  configurat lon  of   personnel ,  it would c e r t a i n l y  

seem,  would l e s s e n   t h e   c o n t r o l l e r f s  workload  consldepably  and  enable 

him t o   c o n t r o l  more a i r c r a f t   a t   t h e  same l e v e l  of e f f ec t lveness .  

There is another   aspect   of  t h l s  Idea t o  be eonsldered,  however, 

and t h a t  i s  t h e  Investment  of manpower Involved. To add  one t r a c k e f  

f o r   e v e r y   c o n t r o l l e r  would mean a b o u t   t m c e   a s  many people m t h e  

system,  even  though  both  types  would  not, I n  a l l   p r o b a b l l i t y ,  have 

t o  be of the  same t r a l n l n g  and s k i l l  l e v e l .  

Consequently,  there  were two quest lons  uhlch  could  be  put   to  

t h e   t e s t   h e r e z  

1. How much 1 s  c o n t r o l l e r   e f f e c t l v e n e s s  improved  by the a d d l t l o n  

of a t r a c k e r ?  

2. Glven the  same number of personnel   for   the   sys tem,  how should 

the   t r ack lng  and con t ro l   func t lons  be a l l o t t e d ?  

The choice made here  was t o   l n v e s t l g a t e   t h e   s e c o n d  of t he  above 

quest lons.  The a l t e r n a t l v e s   s t u d l e d   v e r e   p a r a l l e l   v e r s u s   s e r i a l  

ope ra t ion   fo r   t he   func t lons  of c o n t r o l l i n g  and  t racklng;   foe. ,  i n  one 

case a system was v i s u a l i z e d   i n   w h i c h   a l l   c o n t r o l l e r s   d l d   t h e m  own 

trackingp;  and, i n  the   o ther   case ,  a system was v i sua l i zed  i n  whlch 
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ha l f   t he   pe r sonne l  I n  the  system  performed  the  t racking  funct lon  and 

the   o the r   ha l f   pe r fo rmed   t he   con t ro l l i ng   fumt ion .  A s  the  problem 

i a  def ined  here ,  i n  b o t h   c a m s   t h e  number of personnel   involved in 

the  system is t h e  same. 

The two ques t lons   l l s t ed   above   a r e   ve ry   ea s i ly   con fused ,   and  

s l n c e   t h e   c o n c l u s i o n s   w i t h   r e g a r d   t o   t h e   d e s l r a b l l i t y   o f   r e m o t e   t r a c k -  

i n g   a r e   l i k e l y   t o  be d i f fe ren t   depending  on whlch  questlon 1 s  involved, 

t h e  d i s t inc t ion   shou ld  be kept I n  mfnd. 

In sum, fou r   cond i t lons  were s tudled  In   the  experlmentn 

1. Scope  alphanumeric  lnformatfon  available - c o n t r o l l e r s   a c t i n g  

a s  o m  t r a c k e r s .  

2. Scope  alphanumerfc  fnformatlon  avallable - c o n t r o l l e r s   n o t  

ac t lng   as   t rackers ,   remote   t rackers   p rovided .  

3 .  No scope  a lphanumeric   informatlon  avai lable  - c o n t r o l l e r s  

a c t i n g   a s  own t r acke r s .  

b .  No scope  alphanumeric  informatlon  avallable - c o n t r o l l e r s  

no t   ac t lng   as   t rackers ,   remote   t rackers   p rovlded .  

The manpower u t i l i z a t l o n   q u e s t l o n  was t e s t e d  I n  the   fo l lowmg 

manner. Two teams,  of  two men each,   were  es tabl lshed  In  the two man- 

power conf lgu ra t lons  of  the  s tudy.  The two men i n   e a c h  team  were 

a s s l g n e d   t o   d l f f e r e n t   t a s k s .   G i v e n   t h e  same geographlca l   a reaD in 

one c a s e   t h e   c o n t r o l l e r   c o n t r o l l e d   a l l  of t h e   a i r c r a f t   a n d   t h e   t r a c k e r  

t r a c k e d   a l l   t h e   a l r c r a f t p  vhl le  i n  the   o the r  configuration each of 

t h e  two c o n t r o l l e r s  was r e s p o n s l b l e   f o r   a l l   t r a c k i n g  and a l l   c o n t r o l  
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I n  only  one h a l f  of the   geographica l   a reao  Thus, the a l r s p a c e  and 

t h e  numbr  of a i r c r a f t   c o v e r e d  and t h e  number of personnel  used 

remained  the same whl le   the  manner i n  which the   personnel  were assigned 

t o   t a s k s  was t h e   v a r i a b l e   f a c t o r  i n  t h e   s i t u a t i o n .  

I n  the case  of  the   a lphanumer lc   var iab le ,   the  two condl t ions  

con t r a s t ed  were t h e  a v a i l a b l l l t y   a n d   n o n - a v a l l a b l l l t y  of  vldeo- 

dlsplayed  alphanumerlc  mformatlon. The a lphanumer lc   mfomat ion  

Involved was the Identity, a s s l g n e d   f m a l   c r u l s l n g   a l t l t u d e  of the 

d e p a r t m g   a l r c r a f t ,  and c u r r e n t   a l t i t u d e  of t h e   a l r c r a f t   p o s t e d  in 

2,000 foot   increments .  The c o n t r o l l e r   h a d   a c c e s s   t o  t h l s  alpha- 

numeric lnfornmtlon on e v e r y   t a r g e t ,   b u t  he was no t   r equ l r ed   t o   have  

it d l s p l a y e d   a t   a l l   t i m e s .  Normally a l l   t r a c k i n g   v l d e o   d a t a  were 

presented   bu t  the c o n t r o l l e r   c o u l d   t e m p o r a r i l y   b l a n k   a l l   f o r m a t s ,  

except the one  connected w l t h  a s e l ec t ed   t r ack ing   channe l ,   by   dep res s -  

ing a switch on t o p   o f   t h e   t r a c k   s t i c k .  

PROCEDUBE 

The expe rmen t  was performed a t  Ai rborne   Ins t rument   l abora tor les ,  

Mineola, L. I., where t h e  SRS equipment 1 s  loca ted .  Two consolea  were 

used i n   t h e   e x p e r m e n t ,  whlch may be des lgna ted   a s  t h e  Cs and CE 

consoles.  The consoles  were generally  comparable.  Both  consolea 

had br ight   d l sp lay   tube   scopes ,  and an   adJo1n ing   bay   o f   f l i gh t   s t r l p s .  

For s m u l a t i o n  of a l r c r a f t ,   t w e n t y  15-J-1C s m u l a t o r s  were  used. 

The a lphanmer lc   ln format ion  was produced on the  scopes  by means of 



a t e l e v i s i o n  camera  and a board  on  whlch a i r c r a f t   i d e n t l t l e s  and  other 

infarmation was posted.  A video mapper  was used t o   d l s p l a y   t h e  New 

York outbound  airway strudure on  each  scopea The simulated  problem 

was superimposed  upon a l i v e   r a d a r   p i c t u r e  of t h e  New York area .   This  

procedure  introduced a la rge   and   vary ing  number of  'VFR' a i r c r a f t   i n t o  

the  problem and a l s o   v a r i a b l e  amounts  of r a d a r   c l u t t e r .  

The t r a f f x   l o a d   c o n s l s t e d   o f   a n   a v e r a g e   o f  f i f t een  a l r c r a f t  

s imultaneously  dlsplayed on the   scope .  The problem  concerned  departurcss 

c l imblng  out   of   the  New York a r e a -  The d e p a r t u r e   r a t e  was k2 a i r c r a f t  

an  hour  with sFX o v e r f l i g h t   a i r c r a f t   c r o s s i n g   t h e   d e p a r t u r e   r o u t e s .  

The New York a rea  map was d i v i d e d   i n t o  a North  and  South  sector.  Each 

o f   t h e   s e c t o r s   a v e r a g e d   s e v e n   t o   e l g h t   t a r g e t s   a t  a tune. The New 

York a rea  map was ro t a t ed   n ine ty   deg rees  meanmg t h a t   t h e   a i r w a y s  

r an   no r th  and sou th   i n s t ead  of e a s t  and  west, Thls was done t o   l e s s e n  

the mutua l   in te r fe rence  among var lous  targetss   a lphanumeric   fnforma- 

t i on .   Ro ta t ing   t he  map r e s u l t e d  i n  l e s s  Interference  because  the 

alphanumeric   data   ran from l e f t   t o   r i g h t  on the  scope  face  and,  I n  

the   case   o f  the r o t a t e d  map, it appea red   o f f   t o   t he   s lde  of t h e   a l p -  

ways and  not on them, a s  would  have  been  the  case I f  the airways  had 

r u n  eas t -wes t .   I n   an   ope ra t iona l   sys t em  o f   t h l s   t ype ,   such   In t eP-  

fe rence  would not  be a problem smce  arrangements  f o r  dlsplacement  of 

the  alphanumeric  symbols would  be r e a d i l y   a v a i l a b l e .  
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There was a t o t a l  of sFxteen h5 minute runs.  Each of t h e  

permanent  tvo  controller  teams  operated  twice i n  each of the  f o u r  

experimental  conditions  described  above. The runs were  performed i n  

random order. When the teams  operated i n  t h e  CC, or two c o n t r o l l e r  

conf igu ra t ion ,   t he  same team member always  handled  the aame geograph icd  

aec tor .  When t h e  teams  operated in t h e  C-T, or con t ro l l e r - t r acke r  

conf lgura t ion ,  the same team member always  served  as the t racker .  

The uae  of  the two ava i lab le   scopes  was arranged  as   fol lowar  During 

t h e  C-T runs, the scope used f o r   t h e   c o n t r o l l e r  and f o r   t h e   t r a c k e r  

was var ied  so t ha t   each  team used each of  the  two scopes   for  the con- 

t rol  func t ion  twice dur ing  t h e   e x p e r h e n t   i n  a  randomly  assigned  order. 

During C-C runs,   both  scopes were  used  for  control  purposes, and th 

scopes  vere  permanently  assigned to sec to r s .  I n  both  configurat ions,  

each  of   the  scopes was used   equal ly   for   cont ro l l ing .  

A l l  t r ack ing  was i n   t h e  manual  rate-aided mode. Machine @om- 

pu ta t ion  of veloci ty   changes  occurred when the  control ler  repoai t foned 

a t r ack ing  symbol  and a l so   ope ra t ed  a switch  requesting  reoomputotion 

of velooi ty .  I n i t i a l  assignment of t racking  channels  waa accamplfahed 

by a s imulated  tower  control   posi t ion  with  hand-off  o f  t h e   t a r g e t s  

t o   t he   s imu la t ed   cen te r   con t ro l   pos i t i ons .  Thus a l l   t r a c k i n g   a h a n n e l a  

were e t a r t r d   w i t h   f l i g h t   p l a n   d i r e c t i o n  and  speed. 



The des ign  of  the  experfment  i s  sketched  belows 

Cor1trc.l 
Scope : _- 

l t h  Alpha- 
m e r  ic 
nforrnation 
nd F l l g h t  
t r i p s  

% 

cP 

I l g h t - S t r i p s  Team ? 5 
l one  no 
lphanumerie 
nformatlon Team 11 15 b 

1 cs 
16 

cs 0 
2 7 7 

-- 

All subJec ts   were   b r le fed  on the  purpose of t h e  testa and the 

d e f i n l t l o n  of the  experlmental   condltlons  before  the  experi:r ,ent s j ta r td .  

I n s o f a r   a s  possible, t h e   s u b J e e t s  were i s o l a t e d  from the  rnechanlcs of 

simulation so a s  t o  mlnlmlze t h e n  exposure t o   t h e   d e z a d 8  of the 

t r a f f l c  sample  and t o   t h e f a r t l f l c l a h t l e s  of t h e   s i t u a t m n 0  Howevrr, 

due t o  a sho r t age   o f   suppor t   pe r sonne l ,   t h l s   pomt  had to he t?ommpromuxvi. 

It was found t h a t  two more men were  needed I n   t h e  slnulatlor crew an3 

the only  two men available were the   subJec t s  who were not  workmg l n  

each run.  
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A r u l e  was made t h a t   t h e   s u b j e c t s  and support   personnel  were 

not   to   d i scuss   the   exper iment  or t h e   t r a f f i c  sample. It soon became 

appa ren t ,   however ,   t ha t   t he   sub jec t s   r ea l i zed   t ha t   t hey  were g e t t i n g  

t h e  same t r a f f i c  sample every   run ,   and   tha t   there  was a cons iderable  

l e a r n l n g   e f f e c t .  

SYSTEM PERFORMANCE MEXSUFCB 

The following  measures  were  taken  durlng  the  exprimeota 

1. F l i g h t  Maneuvers  lmposed on a i r c r a f t   b y  A.T.C. 

( a )  Vectors - def ined   as   headlng   c learances  lmposed by ATC. 

A l l  vectors  were  recorded. These Inc luded   vec tors   g iven   for   re - ident i -  

f i c a t i o n   t u r n s ,  and t o   m a l n t a l n   s e p a r a t i o n .  

(b) Al t l tude  Changes - d e f l n e d   a s   a l t l t u d e   c l e a r a n c e s  

imposed  by ATC. 

A l l  a l t l t u d e   c l e a r a n c e s  were recorded.  These  Included 

a l t l t u d e   c l e a r a n c e s   t o   s t o p   c l i m b  o r  cont inue cllmb, and  clearances 

t o   o t h e r   t h a n   r e q u e s t s d   a l t l t u d e .  

(c): Holds - def ined   a s   ho ld ing   c l ea rances  lmposed  by ATC. 

A l l  holds  were  recorded.  These  Included 360' t u r n s  and  normal  hold- 

i n g   p a t t e r n s   t o   a v o l d   c o n f l l c t s .  

2. Conf l l c t lons  

A l l  c o n f l i c t l o n s  were r e c o r d e d .   C o n f l f c t l n g   a l r c r a f t  were 

those   having   less   than  5 r n l l e s   l a t e r a l   s e p a r a t i o n  and wl th ln  1000 f e e t  

v e r t i c a l   s e p a r a t l o n .  An uncoordina ted   c ross lng   of   sec tor   boundar les  

was a lso   cons ldered  a c o n f l l c t i o n .  
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3.  Communlcatlon  Measures 

( a )  Communicatlon  count - defined as t h e   t o t a l  number of 

t lmes  the  teams  pushed  the  buttons on t h e i r  head sets t o  t a l k   d u r l n g  

each 45 minute run. 

(by Communication Time - d e f i n e d   a s  the t o t a l   l e n g t h  of 

time in seconds  the  push t o   t a l k   b u t t o n s  were held  down by   the  teams 

during  each h5 minute run.  This  measure  included  both  air-ground and 

ground-ground  communication.  Recording  methods  prevented  separatfcm 

of t h e  two message  types. 

h. Trackmg  ac t ions  

(a):  Sequence  Count - d e f i n e d   a s  the number of t l m s  t h e  

teams  pushed  the  sequence  button  to  obtain a des i r ed   t r ackmg  channe l  

during  each h5 mlnute run. 

(b)   Velocl ty   Correct ion - defmed   a s   t he  number of  tmes 

t h e  teams  pushed t h e  v e l o c l t y   c o r r e c t l o n   b u t t o n   t o  insert a v e l o e l t y  

change In a t rackmg  channel   durlng  each h5 mlnute  runD 

(c) )  Trackmg s1gm.l count - d e f m e d   a s   t h e  number of tmss 

the  teams  pushed  the  button on t o p  of t h e   t r a c k l n g   s t l c k   t o   r e p o s i t l o n  

t h e  symbol on the   t a rge t   du r lng   each  hs mlnute run. 

( d )   I n s e r t   s l g n a l  - deflned as t h e  number of tunes the team 

pushed t h e   i n s e r t   b u t t o n   t o   I n s e r t  a new course   o r   speed   In to  a t raek-  

ing  channel   durmg  each 11.5 minute  run. 
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( e ]  Change s l g n a l  - def ined   a s   t he  number of   t lmes  the 

teams  pushed  the  change  button t o  Insert a new cour se   In to  a t r ack ing  

channel   during  each b5 minute  run. 

(f)) R e - l d e n t i f l c a t i o n  - The number o f  occasions on whlch t h e  

teams  requi red   re - ldent i f lca t fon   tu rns  of a n   a i r c r a f t .  The number 

of a c t u a l  t u r n  vectors   involved,  i s  counted i n  1 ( a )  above. 

DEFINITION OF SUMMllRY MEXSURFS 

Severa l   o f  the measures t h a t  were  recorded were then  combined 

i n t o  5 summary measures. 

1. Tracking  act ions,   the  sum t o t a l  of a l l   t h e  manual a c t i o n s  

performed  by  the  teams I n  the  course  of  each  problem  runa These  eon- 

s l s t ed   o f   ve loc i ty   co r rec t ion   coun t ,   t r ack ing   s igna l   coun t ,   f n se r t  

s igna l   coun t ,  change s i g n a l   c o u n t ,  and the  sequence  count.  Re-identi- 

f l c a t i o n  occasions were  dropped  out  because  of  the  small  count, How- 

ever ,  the v e c t o r s   t h a t  made up these   tu rns   were   lnc luded   in   the   vec tor  

count   under   control   act lons.  

2. Con t ro l   ac t ions ,   t he  sum t o t a l   o f   a l l   t h e   a c t l o n s   u s e d  t o  

manuever a l r c r a f t  t o  provlde  separat lon.   These  consis ted of vec to r s ,  

a l t i t u d e   c h a n g e s ,  and  holds. There were no holds   recorded  durlng the 

problem t o   I n c l u d e  I n  t h l s  measuree 

3 .  Conf lx t ions ,   a s   de f lned   In   p rev lous   pa rag raph .  

h. Communlcatlon coun t ,   a s   de fmed  i n  prevlous  paragraph. 

5 -  Connnunlcatlon tune, a s   de f lned  I n  prevlous  paragraph. 
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These were t h e  5 summary measures  used i n  the a n a l y s l s  o f  t h e  

experiment. Some mentlon i s  a l s o  made of the  important  sub-measures. 

OBSERVATIONS OF VARIATIONS AMONG RUNS 

A log   vas   kept  of all events   oocurr ing  during  the  runse  During 

runs  k ,  5 ,  and 6 t h e   l i v e   r a d a r  background  went o f f   s e v e r a l  tunes. 

I n  r u n  12 there   were some m i s s i n g   t a r g e t s  in the mlddle   of   the   run6 

A150 run  numbers 1 2  and 13 were  completed with the   an tenna   ro t a t ion  

r a t e   s e t   a t  10 RPM ins tead   of  5 RPM by  mmtake. This  would  ehange 

t h e   v e l o c i t y   c o r r e c t i o n  computed by the  equlpment I n  t racklng .  Runs 

12,  13, and L!J had  unusual  amounts  of  precipitatlon  clutter  whlch 

mlght  have  had some e f f e c t   o n   t h e   d a t a .  

RESULTS 

The bas l c   da t a   appea r   In  Appendlx A. 

The ana lys l s   o f   var lance  was performed  for   each  of   the 5 summary 

measures  and some sub-measures  that   were deemed Important. 

The s lgn l f l cance   o f   t he  3 maln variables and t h e w   t h r e e   f r a t  

o r d e r   l n t e r a c t i o n s  was examlned.  Seven statistically s l g n l f i c a n t  

r e s u l t s  were found. The s f g n f f i e a n c e   l e v e l  1s t h e   p r o b a b i l l t y   c h a t  

one wlll m c o r r e c t l y   s t a t &  a d i f f e r e n c e   e x f s t s ,  when none e a f s t s ,  

I n  t h i s  r e p o r t ,   t h e  .05 (or  less)  l e v e l  was considered s t a t f s t l c a l l y  

s l g n l f l c a n t  and t h e  .lo level was eonsldered  deservlng  of  some mentlon 

a s  a t r e n d   m d l c a t l o n .  
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The s i g n i f i c a n t   r e s u l t s  were8 

1. Conf igura t ions   d i f fe red  i n  the  average number o f   c o n f l i c t i o n s  

occurr ing   per  runo  

2. Conf igura t ions   d i f fe red  i n  t h e  number of   cont ro l   vec tors   (or  

heading  changes)  glven  per  runo  This is a sub-measure of c o n t r o l  

ac t ions .  

3. Configurat ions  differed i n  t h e  number of t r ack lng   ac t lons  per 

runo  However, when t o t a l   t r a c k i n g   a c t l o n a  i s  fur ther   subdivided,  it 

is  found that t h i s   d i f f e r e n c e  i s  due only   to   sequencing  and  not t o  

o the r   t r ack ing   ac t ions .  

L.  Teams d l f f e r e d   I n   t h e  number of c o n f l i c t i o n s  occurring pe r  run. 

5 .  Teams d l f f e r e d  i n  t h e  number of  communieatlons  per  run. 

6. There was a n   i n t e r a c t l o n  (which 1s t o   s a y   t h e   r e s u l t  is a 

mutual   or   reclprocal   act ion  between  the two variables) between  con- 

figurations and  alphanumeric  condltlon n l th  r ega rd   t o   f r equency  of 

communicatlons. 

7. Conflguurations  Interacted  wlth  teams  with  regard  to  the  dura- 

t l o n  of  communlcations. 

There was some t endency   fo r   con f igu ra t ions   t o  d l f fe r  i n   t h e  

number of cont ro l   ac t lons   g iven   per   run .  

Conf igura t lons   d ld   no t   d i f fe r  i n  communlcatlon  frequency o r  

dura t lon .  None of  the 5 summary measures showed any   d l f fe rence  

between  the operation wlth and  wlthout  alphanumerle  informatlon. 
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Tot 

The fo l lowing   a re  summary t a b l e s   f o r   t h e  above  mentloned  differences. 

Average 
Number 

Conf l l c t ions  

Tracking  Actlons 

Control   Vectors  

Control   Act lons 

Conf l l c t lons  

Communication  Count 

Total   Tracking Act ions  

Sequenclng 

,a1  T.A. rnlnus Sequencing 

Configurat ion 

i c c* CT* 

.OS l e v e l  

.01 l e v e l  

I 359 I L12 1 
The r enaming   t ab le s   conce rn   i n t e rac t ions .  

Conflgurat lon 

Communicatlon  Alpha 
112 

Conf laura t lon  

-01 l e v e l  

.01 l e v e l  

cc CT 
I 

Comnunlcatlon 

Team 43 a 

.01 l e v e l  

-01 l e v e l  
2 1 

a 
* CC - 2 con t ro l l e r   con f lgu ra t fon  

CT - Contro l le r - t racker   conf lgura t lon  

a n t  



These  data   were  normalized  before   analysis .  The t a b l e   e n t r l e s  

r ep resen t   t he   va lues   r e - t r ans fo rmed   i n to   t he i r   o r lg ina l  form. Thewfore 

t h e   c o l m n  or row averages   a re   no t   necessar i ly   the   a r i thmet ic   average  of 

t h e  entries i n  the   r e spec t ive  row or column i n  the   bas i c   da t a   t ab l e  i n  

Appendix A. 

DISCUSSION OF RESULTS 

Configurations8 

There were less conf l ic t ions   and  more vecUors  given i n  the  CC 

conf igura t ion .   Cont ro l   ac t ions ,   the  sum of vec to ra   and   a l t i t ude  

changes,  tended t o  be g r e a t e r   i n   t h e  CC conf igura t ion .  

The d i f f e rence  i n  c o n f l i c t i o n s  makes the  CC configuration  con- 

s i d e r a b l y   g r e a t e r  i n  e f f e c t i v e n e s s  o r  d e s i r a b i l i t y   a s  a system. While 

one would t e n d   t o   s a y   t h a t   t h e   b e t t e r   s y s t e m  was tha t   which  imposed 

aIms.s-number  of con t ro l   vec to r s ,  i n  t h l s   c a s e   t h e   a d d f t l o n a l  con- 

t r o l   v e c t o r s   a p p a r e n t l y  had t h e   d e s i r a b l e   r e s u l t  of avoiding  eonfbic-  

t i ons .  

I n  f u r t h e r   a n a l y s i s  of t he   t r ack lng   ac t ions ,   t he   s equenc lng  is 

found to   have  an  Important   effect .   With  sequencing  lncluded i n  the  

t r a c k l n g   a c t l o n s ,   t h e r e  fs a s ign i f i can t   d i f f e rence   be tween   conf igu ra t ions .  

Wlth sequencing  removed,  there 1s no difference.  Consldermg  sequenc- 

i n g   b y   I t s e l f ,   t h e r e  f5  a s i g n r h c a n t   d i f f e r e n c e  between  conflgwatlons 

(o05 l e v e l ) .  The CT conf igura t ion  has an   average  of lA6 sequences  per 

run whlle the CC conflgurat lon  has   an  average  of  351 sequences  pep runD 

These 95 ext ra   sequences   per   run  I n  the  CT configuration ape  probably 

due t o   c o n t r o l l e r   a c t i o n   t o   o b t a i n   n e c e s s a r y   i d e n t i t y   f n f o r m a t f o n   f o r  

a i r c r a f t   u n d e r  control. 



I n  t h e  CT conf lgura t lon  runs, by d e f l n l t l o n ,  one man does  the 

o o n t r o l l m g   a n d  the o ther   does   the   t rack ing ,and   in  most cases  t h i s  

was tme. However, i n  a few  cases the c o n k o l l e r   d i d  some t racking.  

Conslderlng  tracking  actlons  wlth  sequencing removed ( I t  was no t  

poss ib le   to   subdiv ide   sequencing) ,  i n  one r u n  the  control ler   performed 

35 t r a c k i n g   a c t i o n s  and t h e   t r a c k e r  276 t racking   ac t ions .  I n  the  

wors t   ca ses   t he   con t ro l l e r   d id  more t racking   than  the t r a c k e r  

(Controller-23b - Tracker-109  tracking  actions).   Both of these  cases 

were runs  by t h e  same team i n   t h e  no  alphanumeric  condition. T h i s  

depar ture   f rom  the   def ln i t lon   o f   the   conf igura t ions   under   s tudy  i n  

the   expe rmen t  may have   a f f ec t ed   t he   r e su l t s .  

It should  be  noted i n   t h i s   c o n n e c t l o n   t h a t   t h e  CT configuratiotm 

was opera ted   wl th   the  2 scopes i n  p a r a l l e l .   T h i s   n e a n t   t h a t  when 

t h e   c o n t r o l l e r   w i s h e d   t o   r e - e s t a b l i s h   i d e n t i t l e s   o f   o n l y  2 a i r c r a f t ,  

he  had t o  assume t r a c k m g   o f   a l l   t h e   a i r c r a f t .  (Thus when t h i s  

occur red   f r equen t ly ,   t he   t r acke r   t ended   t o   f a l l   beh ind . )  

The f a c t   t h a t   t h e r e  1s no i n t e r a c t l o n  between  eonfiglwatlons 

and ei ther   teams  or   a lphanumeric   condl t ion 1s notable .  T h l s  means 

t h a t   t h e  number of c o n f l i c t i o n s  was smaller I n  t h e  CC conflguratzon,  

r ega rd le s s  of  whlch  team was wopkmg or w h e t h e r   t h e   m n  had or dld  

not  have  alphanumeric  dlsplays.   Although  the  teams  dlffared i n  t h e  

number o f   con f l l c t lons  they permitted,  both  teams  allowed less con- 

f l l c t i o n s  when they  worked i n   t h e  CC conflgurat lon.  

It appears  from  the  data  and  from  observlng  the  expepiment  that 

the t r ack lng   t a sk  fs much l e s s  d f f f i c u l t   t h a n   t h e   c o n t r o l l i n g   t a s k *  

If a man 1s c o n t r o l l l n g   a l g h t  aircraft, the  addi t ional   burden of 

t racking   does   no t   a f fec t   h l s   per formance  i n  t h e  same way a s   add ing  8 
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a l r c r a f t   t o   c o n t r o l   a n d   r e l l e v i n g  him of   the   t rack ing   task .  This 

is f u r t h e r   b o r n e   o u t   b y   t h e   f a c t   t h a t  CT apparent ly  was n o t   a b l e   t o  

make a s  many c o n t r o l   v e c t o r s   a s  CC, posslbly  because o f  the  overload. 

Alphanumerlc  Displax 

The a d d i t i o n  o f   a lphanumer ic   da t a   t o   t he   con t ro l l e rus   d i sp l ay  

apparent ly   had no d i r e c t   e f f e c t  on t r a f f i c   c o n t r o l   p e r f o r m a n c e   a s  

measured by t h e  number of con t ro l   ae t fons   r equ i r ed  or t he  number of 

conf l i c t lons   occu r rmg .  

The alphanumeric  data  had  an  effect  on eommmicatlon  frequency 

in t he   aense   t ha t  it in te rac ted   wi th   conf lgura t lon .  It was found 

t h a t  when alphanumerlc  data was a v a i l a b l e ,  less frequent  communlcation 

by the  team members was necessa ry   l n   t he  CC confrgura t lon  as oppose& 

t o   t h e  CT configuratlon.  Without  alphanumerle  data,  however, more 

frequent  communmatlon  by  the  team members  was necessary m the CC 

configurat ion.  It IS noteworthy  that   the   arrangement   requlr l tg  most 

communlcatfon (155) was the  CC-No Alphanumeric  comblnatlon. It 1s 

probab le   t ha t  t h i s  combmatlon  required a good deal  of  communleatlon 

merely t o   m a i n t a m   l d e n t l t y .  

We should note h e r e   t h a t  t h e  eommunfcatlon  frequency of whleh 

we speak  includes  both  alr-ground  and  ground-ground  commnicatlon. 

I n  any  cases  It has  been  found  that   these two  condl t lons   (eonf lgura t lons  

and  alphanumerlc)  affect   each  other wl th  regard t o  the  f requency of 

communicatlon  required of members of   the  system. This   fac t   should  
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be  kept I n  mind i n  fu tu re  system deslgn. 

Teams 

The differences  between  the  teams of  SUbJeCtS used   a re  of l l t t l e  

interest here. The f a c t  ment ioned   prev lous ly   tha t ,   regard less  of t h e  

difference  between  the  teams i n  the  number o f   con f l i c t lons   su f f e red ,  

both  teams  had more i n   t h e  CT conf igura t lon  1s of some importance. 

CONCLUSIONS 

The most general   concluslons of t h e  s t u d y   a r e 8  

1. The two control ler   configurat ion  can  handle  the same amount 

of t raff ic  more sa fe ly   t han   t he   con t ro l l e r - t r acke r   con f igu ra t ion .  

2. The presence  of  alphanumerlc  informatlon on the  scope  face vs- 

a n   i n d i c a t o r   l i g h t  nex4 t o   t h e   a p p r o p r i a t e   f l l g h t   s t r i p   a s   s t u d l e k  

h e r e  seems t o   b e a r  l i t t l e  re la t lon   to   sys tem  per formance .  

Wlth  regard to   t hese   conc lus lons  one should   no te   tha t  the exper l -  

ment was a f a i r l y   b r l e f  and  l lmlted  one-  O f  even more importance 1s 

t he   no ta t lon  of t h e   e x a c t   q u e s t l o n s   p u t   t o  test  here .   In   the  case 

of t h e  conf lgura t ions  It should be remembered t h a t   t h e  number of men 

was kept   constant .  I n  one  case  one man was con t ro l lmg   abou t   tw lcs  

a s  many a l r c r a f t   a s   I n   t h e   o t h e r   c o n f i g u r a t l o n .  The conclusion dram, 

therefore ,   does   not  mean t h a t   a d d i n g  a man t o   a c t   a s  remote  t racker  

for a c o n t r o l l e r  would n o t   c o n s l d e r a b l y   i n c r e a s e   t h e   c o n t r o l l e r f s  

capaci ty .  Also, from a p r a c t i c a l   p o i n t  of view, the  added t r a c k e r  

might no t   necessa r i ly   have   t o  be a q u a l l f i e d   c o n t r o l l e r .  

- 
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I n   t h e   c a s e  of the   a lphanumer ic   d i sp lay   fea ture ,  it should be 

remembered t h a t  t h e  a lphanumer ic   da ta   d l sp laywas   here   added   to  a 

system i n  which t h e   a s s o c i a t i o n  of r a d a r   s i g n a l   a n d   f l i g h t   d a t a   u a a  

a l r eady   be ing   accompl l shed   t o  some degree  by  the  t racklng  system. 

This is qu i t e   d l f f e ren t   f rom the raw r a d a r   s i t u a t i o n .  

I n  sum, it 1 s  e v i d e n t   t h a t  some f u r t h e r   i n t e r e s t i n g   q u e s t i o n s  

regarding  remote  tracking  and  alphanumeric  data  dlsplay st111 remaln 

t o  be  studied. 
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APPENDIX A 

Basic  Data  Table 

CONTROL ACTIONS CONTROL VECTORS CONFLICTIONS 

I cc I CT I 

Alpha 

NO Alpha 

TFLACKDlQ ACTIONS 
TOTAL 

SEQUENCING 

I Ce: I CC I CT 

i I I R2 

752 

No Alpha E-P 662 

C(EIMUNICATI0N 
TlME 

C("UNICATI0N 
COUNT 

cc CT T I 

266 

R1 
Alpha 

195 

13L 
No Alpha I b 90 3 90 I 116 1 1 0 2  I 116 1 

CC - 2 Contro l le r   conf fgura t fon  T - Team 
CT - con t ro l l e r - t r acke r   con f lgu ra t lon  R - Repl lca t lona  

-20- 



SECTION I11 

SRS TRACK STICK EXPERIMENTS 



LABORATORIES  FOR  RESEARCH AND DEVELOPMENT 
THE FRANKILN  INSTITUTE 

PYLLAJEPHIA. 3 PFNI1SYLVLNIfi. 

Aeronautlcs Branch 

SRS TRACK STICK EXPERIMENTS 

by 
E.P. Buckley 

F.X. McLaughlfn 
J.H. Brlnton 

March 13. 1959 

Working Paper No, 2 (P ro jec t  A22211 
under 

Contract  C13ca-685 
Techmeal  Development Center 

WORKING PAPER 

NOT AN OFFICIAL MENO OR REPORT 



TABLE OF CONTENTS 

INTRODUCTION . . . . . . . .  
PURPOSE . . . . . . . . . .  
PROCEDLTRE . . . . . . . . .  

A d d l t l o n a l  Experlments . 
SYSTEEiI PERFORMANCE MEASURES 
RESULTS . . . . . . . . . .  
INTERPRETATION OF FfXSULTS . 
CONCLUSIONS . . . . . . . .  
APPENDIX A . . . . . . . . .  
APPENDIX B . . . . . . . . .  

. . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . .  5 

. . . . . . . . . . . . . . . . .  6 
. . . . . . . . . . . . . . . . . .  'I 

. . . . . . . . . . . . . . . . .  8 

. . . . . . . . . . . . . . . . .  10 

. . . . . . . . . . . . . . . . .  11 

. . . . . . . . . . . . . . . . .  14 



INTRODUCTION 

T h i s   r e p o r t   c o n c e r n s   t h e   t h l r d   I n  a s e r i e s   o f   e x p e r m e n t s   s t u d y i n g  

the   va lues   o f   s em-au tomat l c   r ada r   t r ack ing   sys t ems   i n   a i r - t r a f f l c  con- 

t r o l .  A modlfied SRS-1 sys tem  bui l t   by   Al rborne   Ins t ruments   bbora tor les  

f o r   t h e  A m  Signal  Corps was used   In   t h l s   s tudy .  

The SRS-1 sys tem  has   been   explamed  br le f ly  m the  Phase 2 config- 

uratlon  experiment  report .   Although  the  system i s  n e l t h e r  new nor  

unlque, It i s  more than   adequate   to   s tudy   the   methods   o f   t rackmg  and  

d l f f e r e n t   s c o p e   d l s p l a y s   t o   a l d   t h e   c o n t r o l l l n g   o f  alrcraft  I n   f u t u r e  

systems. 

PURPOSE 

The f lrst  two e x p e r m n t s   d e a l t   w l t h  modes  of t r ack ing  and  wlth 

c o n t r o l   o f   a l r c r a f t .   I n  t h l s  experlment   the  evaluat lon  shlf ted  back  to  

t r ack lng   bu t   no t   w l th   r e spec t   t o  modes. A new type of t r a c k   s t l c k  was 

developed. The purpose  of t h i s   e x p e r m e n t  was t o  compare t h e  new t r a c k  

s t l c k   w l t h   t h e   o l d .  

The new s t l ck   has   been  named the   fo rce   s t l ck ,   because  a fo rce  must 

be  exer ted on t h e   s t l c k   t o   c a u s e  symbol movement. Although t h e   f o r c e  

s t i c k   h a s   v e r y  l i t t l e  phys lca l  movement i n  a n y   d l r e c t l o n ,   t h e  symbol 1s 

r e s p n s l v e   t o   t h e   f o r c e   e x e r t e d  on It. The t r a c k   s l g n a l   b u t t o n ,  which 

activates symbol  movement, i s  l o c a t e d   o n   t h e   f r o n t   o f   t h e   s t l c k ,  some- 

what l l k e  a t r l g g e r   g r i p .   I n   o p e r a t i o n ,   t h e   t r a c k   s l g n a l   b u t t o n  1s de- 

pressed  and a f o r c e   e x e r t e d   l n   a n y   d l r e c t l o n  knll move t h e  symbol i n  t h e  

cor responding   d l rec t lon   on   the   scope .   Actua l ly   the   t rack   s t lck   could   be  

c a l l e d  a rate s t l c k   s m c e   t h e  amount of force   de te rmines   the  rate of 

movement of  the  symbol. The new s t l c k   u n i t  1s designed 50 t h a t   t h e  rate 
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of  symbol movement 1s d l r e c t l y   p r o p o r t l o n a l   t o   t h e   f o r c e   a p p l l e d .  A 

fur ther   re f lnement  1 s  a f a s t e r   r a t e   o f  symbol movement when t h e   f o r c e  

appl led  reaches a pre-set   polnt .  The parameters   se t   up   for  t h i s  eva l -  

uat lon  were-   any  force up t o  3 pounds w l l l  produce a symbol r a t e  of 

.13 m./sec/ lb   of   force;   f rom 3 pounds t o  5 pounds t h e  symbol rate 

changes t o  .64 in. /sec/lb  of  force.  The pre-set  lmlt was 3 pounds. 

The t r a c k   s t l c k   u s e d   I n  t h e  prevlous  experlments 1s descr lbed as 

t h e   p o s l t l o n  or d l s p l a c e m e n t   s t l c k .   T h l s   r e l a t e s   t o   t h e   f a c t   t h a t  a 

change I n   p o s l t l o n  or dlsp lacement   o f   the   s t lck   causes  t h e  motlon  of 

t h e  symbol. The s t l c k  moves th rough   an   a r c  of about 120° In any  dlrec-  

t l o n   a n d   t h e  symbol 1 s  r e s p o n s l v e   t o   t h l s  motion. The t r a c k   s l g n a l  

but ton  on t h l s  model 1 s  l oca t ed   on   t he   t op   o f   s t l ck   and  must  be  de- 

p r e s s e d   f o r  symbol movement. Thls  pushbutton 1 s  a two l eve l   swl t ch .  

Under o p e r a t l n g   c o n d l t l o n s ,   t h e   t r a c k   s l g n a l   b u t t o n  1s depressed 

and a mot lon   o f   t he   s t l ck   In   any   d l r ec t lon  w l l l  move t h e  symbol I n  t h e  

same d l r e c t l o n  on the  scope.  The s t l c k   u r u t  IS so des lgned   tha t   the  

d l s t a n c e   t h e  symbol moves on the  scope 1 s  d l r e c t l y   p r o p o r t l o n a l   t o   t h e  

movement o f   t h e   s t l c k .  Also l nco rpora t ed   In   t he   dev lce  1s a f lne   and  

coarse  duplacement   of   the  symbol. When t h e   t r a c k   s l g n a l   b u t t o n  1s de- 

p r e s s e d   t o   t h e  f n s t  l e v e l ,  a f u l l  mo t ion   o f   t he   s t l ck  w l l l  move t h e  

symbol 1". Thls 1s t he   f l ne   pos l t l on .   In   t he   coa r se   pos l t i on ,   bu t ton  

a l l   t h e  way  down, t h e  symbol w l l l  move l.4". How fast the  symbol moves, 

t h e  r a t e ,  1s a funct lon  of  how fast  t h e   o p e r a t o r  moves t h e   s t l c k .  

When v e l o c l t y  1 s  Inser ted ,   th rough  repos l t lon lng ,  t h e  v e l o c l t y  

swltch must  be ac t lva t ed   du r lng   t he   r epos l t l on lng .  When t h l s  1s done 

t h e r e  is an   add l t lona l  20 t o  1 a t t e n u a t i o n   o f   t h e  symbol r a t e  or t h e  
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symbol movement dependlng  upon  which s t l c k  i s  I n  use. Appendlx A 1 s  a 

f u r t h e r   d e s c r l p t i o n   o f   t h e   t r a c k   s t l c k s .  

The eva lua t lon  was t o   d e t e m n e  l f  t h e   f o r c e - r a t e   s t l c k  had  any 

advantages  over   the  present   dlsplacement  type s t l c k .   I n   t h l s   t h e  main 

I n t e r e s t  was If t h e   c o n t r o l l e r  would  be a b l e   t o   t r a c k   t h e   t a r g e t s  more 

e a s l l y   a n d   f a s t e r  w i t h  t h l s  new s t l ck   and   t hus   l eave  more time f o r   t h e  

ac tua l   con t ro l l i ng   o f   t he   a i r c ra f t .   Three   expe rmten t s  were  completed 

on thIs   evaluat lon  problem. 

PROCEDURE 

Two consoles  whlch were des lgna ted   a s   t he  Cs and C1 consoles  were 

used  In  the  experlment.   These two consoles  were  comparable  wlth  the 

e x c e p t i o n   t h a t   t h e   f o r c e - r a t e   s t l c k  was I n s t a l l e d  on t h e  Cs console  and 

the   d l sp l acemen t   s t i ck   on   t he  C1 console. 

Fo r  the   s imula t ion   of   a l rc raf t ,   twenty  15-J-1C target   smmulators  

were used.  In  this  problem,  alpha-numeric information was not  used. 

A video  mapper  was  used t o  d l s p l a y   t h e   I n d l a n a p l i s   a i r w a y   s t r u c t u r e   o n  

each  scope.  There was no l lve   radar   used   dur lng   these   exper iments .  

The t ra f f lc   load   cons is ted   o f   an   average   o f  18 a i r c ra f t   s lmu l t ane -  

ous ly  displayed on  the  scope  durlng  the  t ime  measurements  were  bemg  re- 

corded. The problem was des igned   to  run f o r  30 minutes. However, t h e  

recordlng of the   measu res   d ld   no t   beg ln   un t l l   t he   12 th   mnu te  when t h e  

load  reached 18 targets.   Recordlngs  were made u n t l l   t h e   l o a d   d r o p p e d  

o f f ,  which  occurred after 12  more minutes.  Therefore,  measures  were re- 

corded   for  12 m n u t e s   l n   e a c h  run. 
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There was a t o t a l  of 12 runs I n   t h e   f i r s t  experlment. Each  of 

the 3 permanent trackers  operated  twlce mn each  of the two experimental 

condltions. The two conditlons were the  force-rate  stlck and the d i s -  

placement st lck.  The runs were performed i n  random order. 

All trackmg was i n  the  manual rate-alded mode. Machine  computa- 

t lon of velocity changes  occurred when the  tracker  operated  the  velocity 

switch and then  reposltioned  the  tracklng symbol. I m t l a l  asslgnment of 

tracking  channels was accomplished by a s m l a t e d  tower control  position 

w l t h  hand-off of the  targets  to  the  simulated  center  control  positions. 

Thus a l l  tracklng  channels were s tar ted w l t h  f l lght   plan  dlrect lon and 

speed. 

The deslgn of the experiment i s  shown  below: 

Force Stick 
Cs Console 

Position  Stlck 
C1 Console 

R1 I R2 R2 R1 

Tracker 1 

1 8  3 :  5 Tracker 3 
12 2 4 ; 11 Tracker 2 

10 6 7 ' 9  

t 

All subjects were brlefed on the purpose of t he   t e s t s  and the  defl- 

nl t lon of the  expermental  condltlons  before  the  experlment  started. 

The three  trackers  used  In t h i s  experlment were experlenced men m 

that  they had been used in  the  prevlous  experlments.  Therefore,  they 

were qui te   prof ic ient   in   the use of the dlsplacement  type  track  stlck, 

but d l d  not have any operatmg  experlence w l t h  the  force-rate  stick. 

In  order  to  obtaln  valld  data  relatlng  only  to  the  characterlst lcs of 
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t h e  two t r a c k   s t l c k s ,   t h e   l e a r n l n g   f a c t o r   s h o u l d  be e l l m n a t e d  as a 

v a r l a b l e   I n  t h e  experlment. It w u l d  have   been   des i rab le   tha t   the  

t r a c k e r s  be glven enough p r a c t l c e   t o   e l l m n a t e   t h l s   f a c t o r .  However, 

due t o   t h e   p r e s s u r e   o f   t l m e ,   t h e   p r a c t l c e   r u n s  were l l r m t e d   t o  3 f o r  

each   t racker .  For one  of t he   t r acke r s   an   added   p rac t l ce   run  was made 

t o   m p r o v e   h l s   p r o f l c l e n c y  a l l t t l e  f u r t h e r .   I n   t h e   d a t a   f o r   t h e  meas- 

ures t aken   du r lng   t he   p rac t l ce  runs shown In t he  Append=, there  was a 

tendency  toward  level lng  out .  It was hoped tha t   any  more l e a r n m g  

would  have a n e g l l g l b l e   e f f e c t  on t h e  r e su l t s   o f   t he   expe r imen t .  

Addltlonal  Experlments 

I n   a d d l t l o n   t o   t h e  mam experlment  descrlbed  above,  two  other  ex- 

p e r m e n t s  were  performed. The procedure   for   these  1s descrlbed  below. 

In   the  second  experlment ,  t h e  purpose  of  whxh was t o  make a check 

o n   t h e   e f f e c t  of f a r m l l a r l t y   w l t h  t h e  equipment, t h r e e   t r a c k e r s  who had 

no t racklng   exper lence   wl th   e l ther   t rack lng   sys tem were glven s1x runs  

I n  random orde r   w l th   t he   two   s t l cks .  Each t r a c k e r   d l d  one run   wl th  

e a c h   s t l c k .  It was dlscovered t h a t  t hese   nonce   t r acke r s   were   s eve re ly  

handlcapped (or f e l t   t h a t   t h e y   w e r e )   i n   t h e   u s e  of the   f lne-coarse  

swl t ch   on   t he   pos l t l on   s t l ck .  The swltch was modi f led ,   the   da ta   d l s -  

carded,  and  the  experlment  repeated. The t h r e e   t r a c k e r s  were  glven 

another  s 1 x  runs (one   run   wl th   each   s t lck)  l n  randuu order.  An e a s l e r  

problem  than  the  one  used w l t h  t h e  expe r l enced   t r acke r s  was deslgned 

f o r  t h l s  experlment.  This  problem consisted of   twelve  targets   on  the 

scope at  a l l   t u n e s .  The scormg  per lod   here  was t w e l v e   m n u t e s   a s   I n  

Experiment 1. 
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In  the t h l r d  experiment, a brlef  attempt  to check on the  data of 

t h e   f i r s t  experiment was  made.  The experlment was repeated w l t h  three 

trackers  but  mthout any repllcatlon. The  same problem and scorlng 

procedures a s   i n   t h e  first experiment were usedwlth  the same subjects. 

SYSTEM PWFORMANCE MEASURES 

The following measures were taken  during  the experiment: 

1. b s s e s  - 

The  number of sweeps  a trackmg symbol  was "off" the  target .  Be- 

Ing  off  the  target was deflned  as when the  center of the  target was not 

enclosed o r  touched by the " C W  tracking symbol. These data were taken 

by asslgned  observers. 

2. Re-ldents - 

The  number of tunes  the  tracker  felt  he  had los t   t rack  of the  tar-  

ge t   ident l t l es  and would have had t o   c a l l  f o r  Ident i ty   turns  In an op- 

eratlng ATC system. Since  alpha-numenc  lnformatlon was not  used i n  

t h l s  experlment, i t  was not  posslble  to  use a more objectlve method  of 

recording  Identity  confuslon. The tracker lnformed the  observer of the 

re-identifications. Upon examination it was declded t o  drop thls   data .  

Analysis showed the measure non-sigmflcant i n  FXperiment 1, not  recorded 

i n   m r l m e n t  2, but  significant between s t i cks   In  Expenment 3. However, 

the Fxperiment 3 data on re-idents was so extremely  lopsided  as  to  raise 

a susplcion  that  there was an obsemer  error. 

3 .  Tracking  Actions - 
(a) Sequence  Count - The  number of times  the  trackers 

pushed the  sequence button  to  obtaln a desired  track- 
ing  channel  durmg  the 12 nunute recording period. 
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(b)   Track  Slgnal  Count - The  number of tmes t h e   t r a c k e r s  
pushed t h e   t r a c k   s l g n a l   b u t t o n   t o   r e p o s l t l o n   t h e  sym- 
b o l  o n  t h e  t a r g e t   d u r l n g   t h e  12 mnute   record lng   per iod .  

(c )   Veloc i ty   Correc t ion  - The number of tmes t h e   t r a c k e r s  
pushed t h e   v e l o c l t y   c o r r e c t l o n   b u t t o n   t o   I n s e r t  a 
velocl ty   change  In  a t racklng  channel .  

RESULTS 

The bas i c   da t a   appea r  m Appendlx B. The fo l lowmg  were   t he   r e su l t s  

I n   t h e   t r a c k   s t l c k   e x p e r m e n t s '  

Experiment 1: 

1. Track   s t lcks   were   no t  significantly d i f f e r e n t   I n   v e l o c l t y   c o u n t ,  

sequence  count, o r  t r a c k   s l g n a l   c o u n t .  The miss  count was n o t   s l g n i f l -  

c a n t l y   d l f f e r e n t   f o r   t h e  two s t l cks ,   a l t hough   t he re  was a strong  tendency 

f o r   t h e   f o r c e   s t l c k   t o  have a g r e a t e r  number of  misses.  The d l f f e rence  

was r e h a b l e   a t   t h e  .YO l e v e l  of  conf ldence ,   no t   qu l te   reachmg  the  .95 

l e v e l   a F b l t r a r l l y   d e f l n e d   a s   e s t a b l l s h m g   s i g n l f l c a n c e   f o r  t h i s  s e r l e s  

o f   e x p e r h e n t s .  

2. There  were s l g n l f l c a n t   d l f f e r e n c e s  among t h e   t r a c k e r s   ( s u b j e c t s )   i n  

the   exper iment   ln   the   t rack   count ,   ve loc l ty   count ,   and   sequence   count  

measures. The t r a c k e r s   d l d   n o t   d i f f e r   l n   t h e  number of  misses,  however. 

3. The l n t e r a c t l o n   o f   s t l c k s  and t r a c k e r s  was n o t   s l g n l f i c a n t .  

Experiment 2. 

In   t he   expe rmen t  m t h  t h e   u n t r a m e d  o r  unprac t l ced   t r acke r s ,  no 

s lgni f lcant   d l f fe rences   were   found  be tween  s t lcks  o r  t r a c k e r s   i n   a n y   o f  

the  measures   (misses ,   t rack  s lgnal ,   velocl ty   count ,   sequences) .  It was 

n o t   p o s s l b l e   t o  make a s t a t i s t i c a l   t e s t   o n   t h e   i n t e r a c t i o n .  
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Experlment 3 : 

No differences  vere fclmd slgnifica;.t  In  the t h i r d  exp r i cen t  

whlch  was  done w l t h  the  experienced  trackers. It was not  possible  to 

make a s t a t i s t i c a l   t e s t  of the  signiflcance of  the   Interact ion between 

s t lcks  and trackers. The following  are summary tables   for   the above 

mentloned dlfferences. 

EXPERDENT 1 

Trackers 

Track Count 

Veloclty Count 

Sequences 190 

Stlcks 

Force-Rate Positlon 

Mlsses 126  160 

INTERPRETATION OF RESULTS 

In  the  ent i re   ser les  of  three  experments,  there was never a dem- 

onstrated  dlfference between the two types of s t l c k   i n  any of the meas- 

ures of tracker  fworkloadf,  (track  count,  veloclty  count,  sequences). 

I n   t h e   f l r s t  experlment of  the  serles,   there was a strong  tendency 

fo r  more mlsses t o  occur when the  force  st lck was belng used. In  t h i s  

case,  the  positlon  stlck  averaged  126  rmsses  per  run,  while  the  force 

s t lck averaged  160  misses per run. There were 1,080 chances for  mlsses 

per  run (12  minute runs) 18 t a r g e t s   a t   a l l  times, 5 scans  per  minute.) 
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There are some general  ideas winch  must be  kept m mind i n  In- 

terpretln4  the data from thew tracking  experiments. The f l r s t  of 

these 1 s  that because of the  pressure of t m e  it was not  posslble t o  

do exhaustive  experlments;  perhaps the   resu l t s  would  have been more 

conclusive If more replications had been posslble. Th l s  is especlally 

t rue of t he  second and th l rd  experlments m which no repllcatlons were 

made. Thx  comment has speclal   reference  to  the fac t  t ha t  It 1 s  possi- 

ble   that ,  n t h  more repllcatlons,  the  dlfference  In  misses between the  

two s t lcks  might have been s t a t l s t l ca l ly   s lgn i f l can t .  Another f a c t  

whlch t h l s  comment has  bearlng on 1 s  the  matter  of  interactlons. On 

an observatlonal  basls and from an examlnatlon of the  scores, It would 

seem that  there  are  considerable  lndlvldual  dlfferences  ln  the way 

people take  to   these  s t icks .  Although t h e   t e s t  of ln te rac t lons   in   the  

f l r s t  experment  dld  nctconflrm  thls, lt 1 s  possible  that  more data 

would have brought t h l s  out more clearly. 

Another general  consideratlon which should be kept In  mlnd 1 s  the  

]matter of practice. The controllers who acted  as  trackers i n  t h e   f l r s t  

and t h l r d  of t h l s  se r les  of experlments were really  qulte  hlghly prac- 

t lced  In  the use of the  posi t lon  s t lcks .  Although they were glven 

: ract lce   sessions m the  use of the  new force  stlck  before  the  experi- 

ment began, It could always be  argued t h a t  t h l s  was not  qulte  sufficlent 

t o  equallze  the  positions of the  two sticks  before  the comparatlve t e s t  

began. The data from the  practice  sesslons  appear  in Appendur E. It 1s 

posslble that further  famillarlzatlon mlght have been advisable, If tune 

had p e n t t e d .  Another approach to   t he   p rac t l ce  problem 1 s  embodled m 

I b e r m e n t  2. fhperunent 2 used controllers m o  had previously  used 
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n e i t h e r   s t i c k .  The r e s u l t s   w l t h   t h e s e   f r e s h   s u b j e c t s   a g a l n   l n d l c a t e d  

no dlfference  between  the two s t i c k s  I n  any  of  the  measures.   In t h l s  

case It should  be remembered t h a t   t h e r e  was no replication, so t h a t  

d i f f e rences  had t o   b e   l a r g e   t o   b e   s l g n l f l c a n t .  

The t h u d ,  and  most  Important  general  conslderatlon  whlch  should  be 

kept  m mlnd In l n t e rp re t lng   t hese   da t a   l nvo lves   t he   na tu re   o f   t he   sys t em 

wi th   whxh  we are   deal ing.   There  are  two a s p e c t s   t o   t h u   t h o u g h t :  1) any 

conc lus lon   abou t   t r ack lng   s t l cks   can   app ly   on ly   i n   t he   l l gh t   o f   t he   r e -  

mainder of  t h e   s y s t e m s   s t u d i e d ,   s l n c e   t h e   s t l c k  becomes a n   i n t e g r a l   p a r t  

o f   t he   t r ackmg  sys t em  and   l n t e rac t s  w l t h  t h e   o t h e r  components  of t h e  

system. A dlagram i s  p resen ted   In  Appendix A whlch  sketches  the maJor 

elements  of  the  system  lnvolved  here;   and 2)  It must a l s o   b e  remembered 

t h a t   e s p e c l a l l y   m t h m   t h e   f o r c e   s t l c k   a r r a n g e m e n t  a g r e a t  many parameters 

are  capable  of  adjustment,   for  example  the  relation  between  pounds  of 

pressure  and  voltage  dlsplacement.  It was necessary  m t h i s   I n s t a n c e  f o r  

t h e   e x p e r i m e n t e r s   t o   a r b l t r a r l l y   s e t  some of t hese   pa rame te r s   a f t e r  somB 

p r e l m l n a r y  t r la ls .  It 1 s  b e l l e v e d   t h a t  some f a l r l y  good s e t t i n g s  of  the 

var ious  parameters   involved  were  arr lved a t  m t h i s  manner. It should  be 

kept  ln nund as a caut lon,   however ,   that   o ther  settlngs of   these param- 

eters   could  concelvablg  have  ylelded  dlfferent   performance.  

CONCLUSIONS 

From a s t a t l s t i c a l   p o l n t   o f   v i e w ,   a n d   s u b j e c t   t o   t h e  interpretive 

comments above, it 1 s  concluded  that :  1) there  were  no  dlfferences  between 

t h e   s t l c k s  In the  tracking  workload  measures,  and 2) t h e r e  was an  accuracy 

d l f f e rence   f avor lng   t he   pos l t l on   s t l ck   wh ich  was o f   h i g h   s t a t l s t i c a l   r e l l -  

a b l l l t y ,  T h e  s1IhJect.s of   the  experlment   expressed a s t rong   preference   for  

t h e   p o s i t i o n   s t l c k .  - 10 - 



A P P E N D I X  A 

DESCRIPTIONS OF THE TWO TRACKING 
STICKS  STUDIED I N  THE SRS PROGRAM 
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A .  Posltlon  Stlck 

The transfer  functlon  for  the  controlled element 1s eo/ 8 = k, 

where e IS a posltlon  Input. The s t l ck  1s In   neutral  after each  cor- 

rectlon, so that  correctlons  are always  Incremental. There are two values 

fo r  k, f m e  and coarse: 

1 

(a) f m e .  k = - .025 degrees/lnch 

(b)  coarse- k = - .175 degrees/mch 

B.  Force Stlck 

The t ransfer   funchon for the  controlled element after the  

kl kl - kl - -  . Consequently, e /e = k/s  where 
Ts + 

where T s + l  s 0 1  

e 1s a force m pounds  and €lo IS measured I n  degrees/second or equlva- 

l en t ly  uules/second. The force  character ls tx  of the  s t lck 1 s  descrlb- 

able I n  two h n e a r  segments as shown ln Flgure 1. 

C. Summary 

1 

The two stlcks,  then, may be descrlbed  as  follows- 
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A P P E N D I X  B 

DATA FROM PRACTICE  SESSIONS 
BASIC DATA TABLE 
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RE-IDENTS 

Tracker 1 
Tracker 2 

Tracker 3 1 

TRACK COUNT SEQUENCES 

VELOCITY COUNT 

Force  Posl t ion 

167 174 
13 7 87 144 

138 126 116 117 

MISSES 

SEQUENCES 

Tracker 3 

SEQUENCES 

F P  , 
iTracker 1 I 285 I 2L1 1 

EXPERIMENT 2 

MISSES 

EXPERIMENT 3 

MISSES VEL. COUNT TRACK COUNT RE-IDENTS 
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DATA FROM PRACTICE SZSSIONS 

SEQUENCES 

MISSES 

TRACK SIGNAL 

VELOCITY COUNT 

Subject  

1 
2 
3 

Avg . 
1 
2 
3 

Avg . 
1 
2 
3 

Avg 

I 
2 
3 

Avg D 

Session 
1 

178 

216 
149 

181 

74 
67 
68 
69.7 

80 
64 
82 
75.3 

Session 
2 

233 

24l 
164 

212.7 

48 
69 
55 
57.3 

Sesslon 
3 

279 
177 
298 
251.3 

134 
104 
123 
120.3 

133 
111 
116 
120.7 

Sesslon 
4 

212 

66 
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INTRODUCTION 

'ins r e p o n   c o n c e r n s   t h e   i o u n h  m a serles of experunents  studylng 

the   use   o f   seml-automat lc   radar   t rack lng   sys tems  In   am- t ra f f lc -cont ro l .  

A modlfled SRS-1 system b u l t  by Anborne   Ins t ruments   Labora tor les   for  

t h e  Army Slgnal  Corps was agam  used I n  th l s   s tudy .  

The SRS-1 system was f u r t h e r   m o d l f l e d   f o r   t h m   s e r l e s   o f   e x p e r m e n t s  

so t h a t  new technlques and  sub-systems m g h t  be  evaluated f o r  poss lb l e  

use I n  fu ture   t rack ing   sys tems.  

PLRPOSE 

I n   t h i s   e x p e r m e n t   t h e   e m p h a s l s  was aga ln  on t h e   t r a c k m g  of t he  

t a r g e t s .  Two modlflcatlons  were made and It was planned t o   e v a l u a t e   t h < = s e  

changes   dur lng   th l s   expermenta l   per lod .  

The f l r s t   m o d l f l c a t l o n  was r e l a t e d   t o   f l l g h t   p l a n   m f o r m a t l o n .   T h e r e  

1s the  posslbll l ty  of  programmng  the  computers,  I n  the  lh.dtmatelf alr 

t r a f f l c   c o n t r o l  system, m t h   f l l g h t   p l a n   l n f o r m a t l o n  so  tha t   t he   t r ack l r lg  

g a t e s  would fo l low  the   t a rge tps   i n t ended   pa th   w l th  some updatmg  dur lng  

t h e   f l l g h t .  To check  the  addl t lon of f h g h t  plan informatlop I n  t h l s  ex- 

periment,  a devlce was b u l l t   t o   s m u l a t e  a f l i g h t   p l a n   t u r n   o n l y .   T h l s  

devlce was operated by t h e   s m u l a t l o n  crew,  and they  were  able to t u r n  any 

of the  t racklng  channels   accordlng t o  t h e  progranmung o f   t h e   s m u l a t l o n  

problem. 

The second  modl f lca t lon   to   the   equlpment   to   a ld   the   t rack ing  of t h e  

t a r g e t s  1s the   t rm- tab .   Thls   devlce   cont ro ls   the   speed   and   the   headme 

of   the   t rachng  channel   by  a f o u r   p o s l t l o n   s l i d l n g   s m t c h .  Used n t h   t h e  

t r m - t a b   c o n t r o l  1s a v e c t o r  whlch 1 s  dlsplayed  on  the  scope as a t h i n  
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l l n e   s t a r t l n g   a t   t h e  symbol  and  showmg a t  a glance  the  headlng  of  thg 

t rackmg  channels .  In add l t lon ,   t he   l eng th  of t h e   v e c t o r  is proportional 

to   t he   speed  of the  t racklng  channelg.  For t h l s  test  s e r i e s ,  a v e c t o r  w a s  

displayed rep resen tmg  a one o r  two m n u t e   f l l g h t   p a t h   p r e d l c t l o n .  (The 

vec to r  was s l l g h t l y   l e s s   t h a n   a n   i n c h  m l ength . )  The but ton  is s l I d  for- 

ward to  Increase  the  speed  and  backwards  to  decrease  the  speed. By wadch- 

l n g   t h e   v e c t o r  on the  channel   bemg ~Vm.uunedf' the   opera tor   can   see   the  

vec tor   Increase  o r  decrease I n  l e n g t h  depending on   the   pos l t lon  of t h e  

t r m - t a b   b u t t o n .   I n  a headmg  adps tmen t ,  when the   bu t ton  1 s  pushed t o  

the  l e f t ,  one  can see   the   vec tor  smng counterclockwLse  shomng a headlng 

change I n  t h a t   d l r e c t l o n .  When t h e   t r m - t a b  is pushed t o   t h e   r l g h t ,  the3 

vector  and  headmg  change 1 s  in a c l o c k s e   d l r e c t l o n .  

One good f e a t u r e  of t h l s   c o n t r o l  1 s  t h a t   t h e  changes a r e  made as soon 

as t h e   c o n t r o l  1 s  act ivated,   whlle   changes made by   l n se r t lng  velocity, when 

r epos l t l on lng   t he  symbol,  do n o t   r e g l s t e r  on the   s cope   un t l l  one  sweep goes 

bY 

In summary, t h e r e  were two modl f l ca t lons   t o  be eva lua ted ,   tnm-tabs  

and f l i g h t   p l a n   t u r n s .  

The eva lua t lon  was t o   d e t e m n e   I f   t h e   a d d l t l o n  of e l t h e r  of   these two 

modl f ica t lons  would be  advantageous to   t he   con t ro l l e r ;   l . e .#  would h l s  

trackmg  workload  be  reduced  and h l s  accuracy  unproved so t h a t  he could de- 

vo te  more of  h l s  tune t o  t h e   m p o r t a n t   c o n t r o l  decisions? 

PROCEDURF; 

Trun-tabs m t h   v e c t o r s  were a v a l l a b l e  on both  consoles .  The contrclls 

were  mounted  on t o p  of t h e   f o r c e   s t l c k  on t h e  Cs console. On t h e  C1 COT,- 
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s o l e ,   t h e   c o n t r o l s  were  mounted on t h e   c o n t r o l   p a n e l   l n  a r ead l ly   access l -  

h l o  I-- nn-+,n?, i-I-"--.- The bsp lacemen t  o r  p o s l t l o n   s t l c k  was x s t a 1 l . d  nn t h e  C 1 

console. The C console was used   In   th i s   experunent   for  two reasons. : i t  

was f c L t  t h a t   t h e   d i s p l a c e m e n t   s t l c k  would c a u s e   l e s s   v a r l a b l l l t y   I n   t h e  

results because  of   greater   operator   experlence m the   u se  of t h i s   s t l c k .  

The o ther   reason  was t h a t   t h e   t r m - t a b s   c o n t r o l s  were installed I n  such a 

way t h a t   t h e   o b s e r v e r  was a b l e   t o   r e c o r d   t h e   u s e  of t h l s   d e v l c e  more red- 

11y on t h e  C1 console t h a n  on the  Cs console. 

1 

For   the   s lmula t lon   of   a l rc raf t ,   twenty  15-J-IC t a r g e t   s m u l a t o r s  were 

used.  Alpha-numeric  mformatlon was not   used   In   th l s   exper iment .  A vldeo 

mapper  was used to   d l sp l ay   t he   Ind lanapo l l s   a i rway   s t ruc tu re   on   each  scope. 

No l l v e   r a d a r  was used during the  experlment. 

The t r a f f l c   l o a d   c o n s l s t e d  of  an  average of 18 a l r c r a f t   s m u l t a n e o u s -  

l y  d lsp layed  on the  scope  durlng  the  tune  measurements  were  belng  recorded. 

The problem was p r o g r m e d   f o r  25 m n u t e s .  The r e c o r b n g  of  the  measures 

began a t  the   8 th   mmute  when t h e   t r a f f l c   l o a d   r e a c h e d  18 t a r g e t s .  There- 

fore,  measures  were  recorded f o r  17 m n u t e s  l n  each run. 

There was a t o t a l  of 16 runs i n   t h l s  experiment. Each  of t h e  two ?x- 

perlenced  t rackers   operated  twfce m each  of  the  four  expenmental   condl- 

t l o n s .  The fou r   expe rmen ta l   cond l t ions   a r e  as fol lows:  

(1) Fllght-Plan-Turns  and  Trm-Tabs + Vectors 

( 2 )  No Fhght-Plan-Turns,   Just   Trm-Tabs + Vectors 

(3)  Fllght-Plan-Turns, no  Trim-Tabs + Vectors 

(4)  No Fllght-Plan-Turns, no Trm-Tabs + Vectors  

The runs were  performed I n  random order .  All t r a c k m g  was I n   t h e  manual 

ra te-aided mode. Machlne computatlon of velocl ty   changes  occurred when the 
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t r acke r   ope ra t ed   t he   ve loc l ty   swl t ch  a n d   t h e n   r e p o s l t l o n e d   t h e   t r a c h n g  

SjTlbOl. 

In l t la l   ass lgnment   o f   t rack lng   channels  was accomplfshed by  a smu- 

l a t ed   t ower   con t ro l   pos l t l on  n t h  hand-off  of t h e   t a r g e t s   t o   t h e   s i m u l a t e d  

c e n t e r   c o n t r o l   p o s l t l o n s .  Thus a l l  t racklng  channels  were s t a r t e d   m t h  

f l l g h t   p l a n   d l r e c t l o n  and  speed. 

The des lgn   of   the   experment  1 s  shown below. 
- 

Flight Plan Wlthout   Fl lght   Plan 

All s u b j e c t s  were br lefed_pn  the  purpose  of   the  tes ts   and  the defm3.- 

t l o n  of t he   expe rmen ta l   condf t lons   be fo re   t he   expe rmen t   s t a r t ed .   In so fa r  

as poss lb i e ,   t he  SUbJeCts  were Isolated  f rom  the  mechanlcs  of s m u l a t l o n  

s o  as   to   mlnuniee thelr  exposure t o  t h e   d e t a l l s  o f   t h e   t r a f f l c  sample  and 

t o   t h e   a r t l f l c l a l l t l e s  of t h e   s l t u a t l o n .  

The two t rackers   used   In   th l s   exper iment  were experlenced men I n  t h a t  

they  had  been  used  on  the  prevlous  experlments,  and  were well t r a m e d  111 

the   use   o f   the   d l sp lacement   type   t rack   s t lck .  

To f u r t h e r  check on t h e   t n m - t a b   r e s u l t s  a second b r l e f   e x p e r m e n t  

was done. Two t r a c k e r s  were  used,  one of whom had  a lso worked m t h e  f l r s t  
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experiment. Trm-tabs  were compared t o  no t r m - t a b s  and f l l g h t   p l a n   t u r n s  

,ei'e used  throdghoUt. The s&ze problein was ksed and  one r a p h c a t i o n  Fa3 

made. 

SYSTEM PERFORMANCE MEASURES 

The follomng  measures  were  taken  durlng  the  experment.  

1. msses 

The number of sweeps a t racklng  symbol was ''off" t h e   t a r g e t .  Bemng 

o f f   t h e   t a r g e t  was def lned as when the   cen te r   o f   t he   t a rge t  was n o t  en- 

c losed o r  touched  by  the V I  t r ack lng  symbol.  These d a t a  were taken by 

asslgned  observers.  

2. Re- ldent l f lca t lons  

The  number of t m e s   t h e   t r a c k e r   f e l t  he  had l o s t   t r a c k  of the   t a rgc? t  

l d e n t l t l e s  and  would  have  had t o   c a l l   f o r   l d e n t l t y   t u r n s  In an  operatlng 

ATC systerr .   Slnce  alpha-numenc  lnformatlon was oot  used I n  t h l s   e x p e r l -  

ment, It was n o t   p o s s l b l e   t o   u s e  a more  ObJeCtlVe  method of recordlng  lden- 

t l t y  confuslon. The t racker   Informed  the  observer  of t h e   r e - l d e n t l f l c a -  

t lons .  

3. Trackmg  Actlons 

(a)  Sequence  Count - The number of   tunes   the   t rackers   pushed   the  

sequence  but ton  to   obtain a des l red   t racklng   channel   dur lng   the  17  mlnute 

recordlng  per lod.  

(b)  Track  Slgnal  Count - The number of t lmes  the  t rackers   pushed  the 

t r a c k   s l g n a l   b u t t o n   t o   r e p o s l t l o n   t h e  symbol on t h e   t a r g e t   d u r l n g   t h e  1 7  

rmnute recordlng  per lod.  

( C )  Ve loc l ty   co r rec t lon  - The number  of t m e s   t h e   t r a c k e r s   p u s h e d   t h e  

v e l o c i t y   c o r r e c t l o n   b u t t o n   t o   i n s e r t  a veloclty  change l n  a tracklng  channel. 
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These  measures  can  be  considered  workload  measurements.  In  other  words,, 

t hese   a r e   nezsu res  of t h e  u o r k  done  by t h e   t r a c k e r  TThlle t r a c k m g  aircraft. 

4. An add l t lona l   t ype  of  measure was t aken   a s  a check  on t h e   u t l l l t y  of 

t h e  equlpment. The  number of   t lmes  the men used  the  headlng  and  speed  fea- 

t u r e s  of  the trm t a b s  were recorded.  Obvlously  thls  could  only  be  used as 

an observation, n o t  as comparat lve  data ,   s ince  the  t rm-tab  count  was a%all- 

a b l e   f o r   o n l y   h a l f  of the  experlment.  

RESULTS - 'RIM-TABS 

The bas l c   da t a   appea r  m Appendlx A. 

The a n a l y s l s  of va r l ance  was performed f o r  each of t h e  5 measures. 

The s lgn l f l cance   o f   t he  3 main v a r l a b l e s  and t h e l r   t h r e e  flrst order 

l n t e r a c t l o n s  was exammed.  Eleven s t a t l s t l c a l l y   s l g n i f i c a n t   r e s u l t s  wexe 

found. The s l g n l f l c a n c e   l e v e l  1 s  t h e   p r o b a b l l l t y   t h a t  one mll  l n c o r r e c t l y  

s t a t e  a difference e x i s t s ,  when none e x l s t s .   I n   t h l s   r e p o r t ,   t h e  .05 (or 

l e s s )   l e v e l  was c o n s i d e r e d   s t a t l s t l c a l l y   s l g n l f l c a n t  and t h e  .lo l e v e l  was 

consldered deserving of some mentlon  as a t r e n d   m d l c a t l o n .  

The s l g n i f l c a n t   r e s u l t s  were: 

( a )   T racke r s   d l f f e red  m a l l  the  f lve  measures   taken  ( t rack  count ,  

velocl ty   count ,   sequences,   re- ldents ,   and  rmsses) .  

(b) F l l g h t   P l a n   t u r n s   d l f f e r e d   l n   v e l o c l t y   c o u n t  and misses.  

( c )   T rm- tabs   d l f f e red   In   t r ack   coun t ,   ve loc l ty   coun t   and  sequence's. 

( d )  There was a n   l n t e r a c t l o n  (whlch 1 s  t o  say, t h e   r e s u l t  1 s  a mutual 

o r  rec lproca l   ac t lon   be tween  the  two v a r l a b l e s )  between t r m - t a b s  and 

t rackers   wl th   regard   to   sequences .  

Th? m p o r t a n t   r e s u l t s  were: 

(a )  F l l g h t   P l a n   t u r n s   d l f f e r e d  m track  count.  
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The fo1Tomng  are summary t a b l e s   f o r   t h e  above  mentioned  d1fferencrs. 

TRACKER 

Average 

Number of 

2 0 Re-Idents 

3 02 180 Sequences 

155 62 Veloc l ty  Count 

175 113 Track  Count 

2 1 

Track  Count 

Veloclty  Count 

f isses  

Track  Count 

Veloclty  Count 

Sequences 

FLIGHT PLAN TURNS 

Wlthout 

TRIM-TABS 

Wlthout 

202 280 

The remaln ing   tab le   concerns   the   s lgn i f lcant   in te rac t lon ,   lnd lca t lng  

t h a t  one t r a c k e r  1s aided more than   the   o ther   th rough  the   use  of t h e  trm- 

tabs.  
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TRIM-TABS 

W;th Wlt$out 

Tracker 

1 206 154 
Sequences 

Tracker 

2 355 248 

These d a t a  were  normallzed  before analysis. The t a b l e   e n t r l e s  rep- 

r e s e n t   t h e   v a l u e s   r e - t r a n s f o r m e d   m t o   t h e n   o r l g l n d  form. Therefore ,   the  

column o r  row ave rages   a r e   no t   necessa r l ly   t he   a r l t hme t l c   ave rage   o f   t he  

e n t r l e s   I n   t h e   r e s p e c t l v e  row o r  column I n  t h e   b a s l c   d a t a   t a b l e   I n  Appen- 

d l x  A. 

In t h e  second  br lef   experment  on trun-tabs  mentloned  above,  the  re- 

s u l t s  were t h a t  no d l f f e r e n c e s  between trm-tabs and no trm-tabs were 

s lgn l f l can t .   Th l s  i s  a d i f f e r e n t   r e s u l t  from t h a t  of t h e  first expe rmen t  

where some workload  measures  were  found t o  show s l g n i f l c a n t   d l f f e r e n c e s .  

Whlle t h i s  may appear contradictory, the  second  experment  was l e s s  power- 

f u l   s t a t l s t l c a l y   t h a n   t h e  f l r s t ,  and   d i f fe rences  In  such a case  must be 

l a r g e r   t o  be s i g n l f i c a n t .  The r e s u l t s  of   experment  1 are accepted  here ,  

and the  experiment 2 r e s u l t s  discounted for  the  reasons  mentloned  abpve. 

DISCUSSION OF RESULTS 

Fl lght   Plan  Turns 

The add l t ion  of f l l g h t   p l a n   t u r n s   t o   t h l s   t y p e   t r a c k l n g   s y s t e m s  1s 

apparent ly  of a s s l s t a n c e  In  t r ack lng  as measured  by  the number  of t r a c k m g  

ac t lons   r equ l r ed  and  by the  t racklng  accuracy  a t tamed.   Track  count  a n d  

ve loc l ty   count  were bo th   ma tena l ly   r educed  when fl ight-plan-turns  were 

used. Most m p o r t a n t ,  misses were  reduced  slgnlflcantly.  
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From t h e s e   r e s u l t s  one may conclude t h a t   w i t h   h l g h   d e n s l t y   t r a f f l c  

(as was used I n  t h l s  problem),  keeplng symbols on t a r g e t s   t h a t   a r e   t u r n -  

~ n g  on  dlffet-ent  alrways 1 s  one  of t h e  more d l f f l c u l t   p h a s e s  of t r a c h n g  

aircraft. ilhen t h l s  1s done au tomat l ca l ly   w i th   f l l gh t   p l an   mforma t lon ,  

t h e r e  1 s  a considerable   drop I n  the  worldload o f   t he   t r acke r  and the   t rack-  

lng  accuracy 1 s  Improved. 

Trm-Tabs - Wlth  Vectors 

From t h e   r e s u l t s  of t h l s   e v a l u a t l o n  It 1s a l s o   a p p a r e n t   t h a t   t h e  aa- 

d l t l o n   o f   t r m - t a b s   w l t h   v e c t o r s  w l l l  he lp   the   t racker   reduce   h l s   workload .  

The use  of   t r im-tabs  wlth  vectors   conslderably  reduced  the  t rack  count ,  

ve loc l ty   coun t ,   and   t he   s equences   r equred   fo r   t he   t r ack lng .   The re  was 

no apparent  mprovement I n  the  tracklng  accuracy.  Exammatlon of t h e   d a t a  

on the  f requency  of  trm-tab u s e   l n d l c a t e s   t h a t   t h e   s p e e d   t r m - t a b s  were 

used  very  Infrequent ly .  

Trackers 

There was a dlfference  between  t rackers  I n  a l l  the  measures  recorded. 

Lookmg a t  t h l s   d l f f e r e n c e  more c lose ly ,  It can  be  seen t h a t  It was the  

r e s u l t   o f   t h e  same subJec t   ( t r acke r  No. 2 )  havlng a hlgher  average number 

of counts m those  measures  that   can  be  consldered  the  workload  measure- 

ments.  These a re   t rack   count ,   ve loc l ty   count ,  and sequences. However, l n  

t h e   a n a l y s l s   o f   t h e  number of mlsses, t r a c k e r  2 averaged  fewer misses than 

t r a c k e r  1. From t h l s ,  one  can  conclude tha t   a l t hough   t r acke r  2 d id  more 

work throughout   the   p roblem,   he   go t   be t te r   resu l t s  i n  keepmg  the  symbol 

on the   t a rge t .   Tracker  2 a lso  averaged more r e - lden t s   t han   t r acke r  1. 
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CONCLUSIONS 

The most  general   conclusions of t he   s tudy  are: 

(1) The use of Flight-Plan-Turns In a t racking  system of the   t ype  

evaluated,  unproved  the  tracking  accuracy  and  cut  the  workload  involved..  

(2)  The use of  Trim-Tabs n t h  vec tors   a l so   cons lderably   reduced   the  

tracker  workload  but showed no e f f e c t  on the  accuracy of t racklng.  
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APPENDIX A 

BASIC DATA TABLE - TRIM -TABS 

TRACK  COUNl VELOCITY  COUNT 

PLAN FLIGHT  PLAN 
WITHOUT 1 TURNS I TURNS I 

R I  R Z  R I  R z  

TRIM-TABS 

+ 
2 00 209 169 196 TRACKER 2 V~~~~~~ 

233 97 e9 99 TRACKER I 
TRIM-TABS 

160 170 142 154 TRACKER 2 VECTORS 

105 105 91 6 5  TRACKER I 
+ 

SEOUENCES 

TURNS 

I 
I I I I I 

TRIM-TABS I 5 0  177 156 136 TRACKER I - 
VECTORS 2 4 7  266 2 0 1  279 TRACKER2 

+ 

WITHoUT 2 4 2  193 182 206  TRACKER I 
TRIM-TABS + 
V ~ ~ T O R S  338 3 6 0  3 3 8  3 8 6  TRACKER2 

M I S S E S  

WITHOUT 

TURNS  TURNS 

5 2  2 4  

PLAN FLIGHT  PLAN 
WITHOUT 

TURNS TURNS 

RE - I DE NTS 

TURNS TURNS 

0 $E 0 I 0 2 0 2 

TRIM-TAB  USE 
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DVTRODUCTION 

Th l s   r epor t   conce rns   t he   f i f t h  I n  a ser ies   of   experlments   s tudying 

the   va lues   o f   semi-automat ic   radar   t rack lng   sys tems  in   a l r   t ra f f lc   cont ro l .  

A modlfled SRS-1 system  build by  Alrborne  Instruments  Laboratories for 

t he  Army Slgnal   Corps was used  and  compared  wlth a simulated VG scope. 

PURPOSE 

T h l s  experiment was deslgned t o  make a cornpanson  between  control 

procedures  and  effectlveness ln t he  SRS system  and  the  present  VG system. 

EQUIPMENT 

The SRS-1 1 s  a seml-automatlc  radar  tracking  system,  modlfled  to 

include  display  lnformatlon  and other a l d s  t o  t h e   c o n t r o l l e r .  In t h i s  

e x p e r m e n t   a l l   o f   t h e s e   a l d s  were a v a l l a b l e   t o   t h e   c o n t r o l l e r   t o   u s e   a s  

he fe l t   necessary   durmg  the   p roblem.  The dlsplay  lnformatlon  Included 

alpha-numerlc  data, as  well as course and  speed  vectors. The alpha- 

numeric da ta  was pos l t ioned   next   to   the   t rack ing   channel  symbol and 

lncluded the followmg: (1) a l r c r a f t   i d e n t l f l c a t l o n ,  ( 2 )  p resent  altitude, 

and (3) o r l g l n  and  destmnatlon. T h i s  mformatlon  appeared on three  

l l n e s .  The c o n t r o l l e r  had the   op t lon  of s e l ec t lng   wh lcheve r   l l ne  or 

l l n e s   h e   b e l l e v e d   t o  be most  h e l p f u l  o r  none a t   a l l .  The course  and 

speed  vector was  shown a s  a t h i n   s t r a l g h t   l i n e   s t a r t l n g   a t  tke channel 

symbol. T h l s  v e c t o r  was cont ro l led   by   the   t r lm- tabs  a s  explamed m 

the   p rev lous   repor t .  It s u f f l c e s   t o   s a y   t h a t  it gave v l s u a l   l n d i c a t l o n  

of course  and  speed  of  the  tracklng  channel.   Wlth  these  vectors 



conf l lc t lons   were   p red ic ted   wl th in  the same a l t i t u d e  by p roJec tmg   t he  

v e c t o r s   1 0   t o  15 mlnutes   ahead  and  checkmg  for   separat lon.   Them was 

a l s o  a s w l t c h   p a n e l   t h a t   e n a b l e d   t h e   c o n t r o l l e r   t o   s e l e c t   t h o s e   a l t i t u d e s  

he  wanted  displayed on the  scope. For example,  with  qulte a few t a r g e t s  

and  alpha-nurnerlc  data on the   s cope ,   t he   con t ro l l e r  might  want t o  know 

which a i r c r a f t   a r e   a t  5000 and 6000 feet .  By throwing a couple of 

swi tches   a l l   the   a lpha-numer lc   in format ion   drops   ou t   except   for   those  

t a r g e t s   a t  SO00 and 6000 fee t .   This   can  be  done f o r  any a l t l t u d e  or 

a l t l t u d e s   d e s l r e d .  

The o t h e r   f e a t u r e s   o f   t h e  SRS-1 tha t   should   be   ment loned   for   renew 

are the  course  and  speed inserts fo r   each   channe l   ( t o  make adpmtrnents 

of  channels If necessary)  and the  drop  out   of   a l l   a lpha-numerlc   informa- 

t ion ,   except  on the   channel   l eadered   to ,  when t h e   t r a c k   s t l c k   b u t t o n  

1s pushed. 

There   a re  many a l d s   f o r   t h e   c o n t r o l l e r  I n  the SRS-1 system,  and 

t o   c o n t r o l   a l r e r a f t  efficiently they  must  be  used in the   proper   sequence 

and   su i tab le   combmat lons .  A l l  c o n t r o l s  and s w l t c h e s   f o r   t h e s e   a l d s  

must become an automatic func t lon  f o r  t h e   c o n t r o l l e r .   N a t u r a l l y   t h i s  

t a k e s   t m e  and practice. 

The VG p o r t i o n  of the  experlment was s m u l a t e d  by means of a 21'" 

f la t - face TV t u b e  s e t  I n  a c o n s o l e   s m i l a r   t o   t h e  normal VG scope. The 

VG I n  use  i n  most ARTCC's 1 s  a proJec t lon   type  of d i s p l a y  and t h e r e f o r e  

t h e  21" TV tube  gave a much b r l g h t e r   p l c t u r e .  I n  f a c t   t h e  brightness 

was approxmate ly   equa l  t o  t ha t   o f   t he  SRS t u b e .   F l l g h t   p r o g r e s s   s t r l p s ,  
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conta inmg  a l l   necessary   Informat ion ,   were   ava i lab le  I n  a bay  adJacent  

t o   t h e   r a d a r   d l s p l a y .  The o n l y   a l d s   i n   t h i s   s y s t e m   a r e   t h e   f l l g h t  

p r o g r e s s   s t r l p s  and s m a l l   p l a s t i c   c h l p s  on whlch  the  control ler  1s t o  

w r l t e   t h e   t a r g e t   I d e n t i t l e s  and  keep  them on the   p rope r   t a rge t s .  

PROCEDURE 

The experiment was performed a t  Alrborne  Instruments   Laborator les ,  

Mlneola, L. I., where  the SRS equipment was loca ted .  Two consoles 

were m e d  I n  the   expe rmen t .  The SRS-1 console  used was des lgna ted   the  

C console .   This   console  was equlpped   wl th   the   force   o r   ra te   type  

t r a c k   s t l c k .  The o ther   console  was a s lmulated VG console   wlth a 21   Inch  

flat-face  tube.  Both  consoles  had  an  adJo1nlng  bay o f  f l l g h t   p r o g r e s s  

s t r l p s  and br lght   d l sp lay   tube   scopes .  However, t h e  SRS-1 had a Inch 

tube  whlle   the  s lmulated VG console  used a 2 1  lnch  tube.   This   display 

S 

5188 d l f fe rence   should   be  remembered I n   I n t e r p r e t i n g   t h e   r e s u l t s .  

F o r   s m u l a t m n   o f   a m c r a f t ,  15-J-lC simulators were  used. The alpha- 

numeric  mformatfon was produced on t h e  SRS scope  by means of a v ld lcon  

t e l e v l s l o n  camera t m e   s h a r i n g  wlth t h e   r a d a r   p l c t u r e .  The camera picked 

up the  fnformatlon  from a board upon  whlch t h e   a l r c r a f t   l d e n t l t l e s ,  

altitudes, etc.   were  posted.  The board was o p e r a t e d   b y   t h e   s m u l a t l o n  

crew  and  updated  accordlng t o  the progress   o f   the   s lmula t lon  problem. 

When It came to   developing  the  s lmulat lon  problem,  an  obstacle  

was encountered.  Thls was due t o   t h e  time s h a r i n g   r a t e  of the  a lpha-  

numeric da ta   d l sp l ay .   Seve ra l   t e s t s   were   run   u s ing  a 10  cyc le   per  
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second  ra te   for   the  a lpha-nurnerlc   dlsplay.  It was found t h a t   t h 1 5  

r a t e  was unusable  due t o   f l l c k e r .   A f t e r   a b o u t  10 mlnutes ,   the  

opera tors   exper lenced   severe   eyes t ram.  The alpha-numeric  data, 

t he re fo re ,  had t o   b e   d i s p l a y e d   a t   t h e  more comfortable 20 C.P.S. 

r a t e .  Howeuer, t h e  number of   t rackmg  channels   tha t   could   be   used  

was reduced t o  1 2  wl th   the  20 cyc le   per   second  ra te .  It became an 

exac t lng   Job   fo r   t he   s imu la t ion  crew t o  produce  and  run a d i f f l c u l t  

slmulatlon  problem  wlth  only 1 2  t rackmg  channels  available. 

A vldeo mapper was used   t o   d l sp l ay   t he   Ind lanapo l l s   a l rway  

s t r u c t u r e  on each  scope. The problems  were  deslgned on t h l s  a=- 

way s t r u c t u r e .  The range of t h e   d l s p l a y  was s e t   a t  80 ml les   rad lus .  

There was no l l v e   r a d a r   u s e d  I n  thm  exper iment .  

The t r a f f i c   l o a d   c o n s l s t e d  of an  average o f  t w e l v e   a i r c r a f t  

s imultaneously  displayed on the   s cope .  The slmulatlon  problems 

cons i s t ed   o f   f l i gh t s   t h rough   t he   Ind lanapo l l s  ARTCC a r e a -  The 

a l t i t u d e s  were r e s t r l c t e d   t o  between 9000 and  12 ,000   fee t   to  make 

the  problem more d l f f l c u l t .  

There was a t o t a l  of  twelve 115 mmute  runs.  Each  of  the 3 

cont ro l le rs   opera ted   twlce  i n  each  of   the two e x p e r m e n t a l   c o n d l t l o n s  

(scopes) .  Two t r a f f l c   s a m p l e s  were  used.  These  were  constructed 

t o  be a s  comparable a s  possible. Both  samples were programmed with 

a mlnlmurn of 8 occasions f o r   c o n f l l c t l o n s .  



The measures  were  recorded f o r  45 mlnutes  during  each  run. The 

runs  were  performed  in  random order .  

When u s i n g   t h e  SRS system, a l l   t r a c k i n g  was i n   t h e  manual r a t e -  

a ided  mode and c o n t r o l l e r s   d l d  a l l  t h e l r  own t r ack ing  of t he   t a rge t s .  

Machme  computatlon of  veloci ty   changes  occurred when t h e   t r a c k e r  

opera ted   the   ve loc l ty   swl tch   and   then   repos l t loned   the   t rack ing  symbol. 

I n l t l a l  assignment of tmck lng   channe l s  was accompllshed  by a s imulated 

tower con t ro l   pos l t l on   w l th  hand-off  of t h e   t a r g e t s   t o   t h e   s m u l a t e d  

c e n t e r   c o n t r o l  positions. Thus a l l   t r a c k l n g   c h a n n e l s  were s t a r t e d  

wl th   f lxght   p lan   d l rec t lon   and   speed .  

When the  problems  were  run  on  the  slmulated VG system,  the con- 

t r o l l e r   a l s o   d l d   a l l  h l s  own t racking .  Hand-off of t a r g e t s  was s m u l a t e d  

by a man s l t t l n g   n e x t   t o   t h e   c o n t r o l l e r ,   l n f o r m m g  him of t h e   i d e n t l t i e s  

of t h e   t a r g e t s  when they   appeared   on the   d l sp lay   scope   as   the   p roblems 

progressed. 

The des lgn  of  the  experlment  1s sketched  below. 

I Simulated VG I SRS - 1 I 
Problem  Problem  Problem Problem 
1 2 

9 3 6 a Cont ro l l e r  3 
L 10 2 5 Cont ro l l e r  2 

1 7 11 12  Con t ro l l e r  1 

2 1 
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A l l  subJec t s  were b r l e f e d  on the  purpose of t h e   t e s t s  and the 

d e f l n i t l o n  of t he   expe r lmen ta l   cond l t lons   be fo re   t he   s t a r t  O f  t h e  

experiment.   SubJects had  worked w l t h   t h e   t r a c k l n g   f e a t u r e s  of  t h e  

equipment I n  the  prevlous  experiments .   Controls   for   a lpha-numeric  

In fo rma t ion   and   swi t ches   fo r   t he   a l t l t ude   s e l ec t lv l ty   d l sp l ay   f ea tu re s  

were relatively new a t   t h e  tme o f   t h i s   e x p e r m e n t a l   p e r i o d ;   t h e r e f o r e ,  

the   cont ro l le rs   were   g lven  some f n f o r m a l  p r a c t l c e  on a l l   t h e   d e v l c e s .  

Unfor tuna te ly   the  tune was s h o r t  and t h e y  were o n l y   a b l e   t o   f i n l s h  

t w o  one-half  hour t e s t  runs p e r   c o n t r o l l e r .  A longer   per lod of p r a c t l c e  

undoubtedly would have  reduced t h e  va r l ab l l l t y   o f   t he   expe r lmen t .   Th l s  

p e r l o d   o f   t e s t m g  was a l s o  used t o  g e t  a smoother  simulation operation 

and  acqualn t   the   observers   wl th   a l l   the   measures  t o  be recorded. 

There was no p r a c t l c e  on the  s lmulated VG p re sen ta t lon ,   ou t s lde  

of procedure  explanations,   because a l l   t h e   s u b J e c t s  had a t   l e a s t  2 yea r s  

experience  wlth VG type   o f   p resenta t lon   and   cont ro l .  

I n s o f a r   a s  possible, the  subJects   were  Isolated  f rom  the  mechanlcs  

of s lmula t lon  s o  a s   t o  mlnlrnlze t h e l r   e x p o s u r e   t o   t h e   d e t a l l s  of  t h e  

t r a f f l c  sample  and t o   t h e   a r t l f i c l a l l t l e s   o f   t h e   s l t u a t l o n .  It was 

p l anned   t ha t   t he   l ea rn lng   f ac to r ,   a s   f a r   a s   t he   p rob lem was concerned, 

would be  reduced  considerably  through  the  use  of two d l f f e ren t   ( appea rance )  

bu t   equa l   ( t r a f f l c   l oad )   p rob lems .  However, a s   l n d l c a t e d   i n   t h e   R e s u l t s  

sec t lon ,   the   p roblems were s l l g h t l y   d i f f e r e n t  m d l f f l c u l t y .  

As a f u r t h e r   t e s t  of t h e   l e a r n l n g   f a c t o r  and t o   t e s t   t h e   r e p e a t a b l l ~ t y  

of t he   ope ra to r s ,   t he  f l rs t  two r u n s  were re - run   as   the   13 th  and I h t h  
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runs  of t h e   t e s t   s e r l e s .  A comparlson of  these  two s e t s  o f  runs 1s 

glven I n  Appendlx A. It 1s apparent  from t h l s   d a t a   t h a t   t h e   c o n t r o l l e r s  

d ld   no t   l ea rn  or memorlze the   p roblem  and   tha t   they   rep l lca te   themselves  

r ead l ly .  

SYSTEM PERFORMANCE MEASURES 

The followlng  measures  were  taken  durlng  the  experiment:  

1. F l l g h t  maneuvers  unposed on a l r c ra f t  by A.T.C. 

(a )   Vectors  - def ined   as   headlng   c learances  unposed  by A.T.C. 

A l l  vectors  were  recorded. 

(b)   Alt l tude  changes - d e f l n e d   a s   a l t l t u d e   c l e a r a n c e s  Imposed 

by A.T.C. A l l  a l t l t u d e  clalges 

excep t   p l lo t   r eques t ed   a l t i t ude   changes  

were recorded. 

(c)  Hold - def lned   a s   ho ld lng   pa t t e rns  Imposed by A.T.C.  

A l l  holds  were  recorded.  These  Included 360' 

t u r n s  and   normal   ho ld ing   pa t te rns   to   avoid   conf l lc t s  

2. C o n f l l c t m n s  - def lned  a s  t h o s e   a l r c r a f t   h a v l n g   l e s s   t h a n  5 

m l l e s   l a t e r a l   s e p a r a t f o n   a n d   w l t h l n  1000 f e e t   v e r t l c a l   s e p a r a t l o n .  The 

5 m l l e   l a t e r a l   s e p a r a t l o n   s t a n a a r d  was chosen  over   the  legal  3 mlle 

s e p a r a t l o n   s t a n d a r d   t o  make the  control   problem more d i f f l c u l t .  

3 .  Alrc ra f t   o f f   a i rways  - d e f l n e d   a s   a l r c r a f t  crosslng airway 

boundaries. Thls was seven  mlles  on e l t h e r   s l d e  of t h e   c e n t e r   l l n e  for 

t h 1 s  problem. 
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4. Communicatlon  Measures 

( a )  Communlcatlon count - d e f l n e d   a s   t h e   t o t a l  number of tunes 

the   cont ro l le rs   pushed  the  mlcrophone 

bu t ton   t o   t a lk   du r lng   each  h.5 minute 

run. 

(b) Communlcation dura t lon  - d e f i n e d   a s   t h e   t o t a l   l e n g t h  of  tlme In 

seconds  durmg  which  the  micro- 

phone bu t tons  were  held  darn by 

the   con t ro l l e r s   du r lng   each  45 

mlnute run. This  measure  Included 

both  alr-ground  and  ground-ground 

communlcatlons,  and  communications 

to   s imula te   in te rphone   conversa-  

t l o n s  t o  adJacent  towers  and  centers.  

5. Confused i d e n t l t l e s   a t  the  end of problem - def lned   a s   t he  

number of   Interchanged  ldent l t les   and  targets ,   caused by t a r g e t  merges, 

e t c . ,  a t  t h e  end  of  problem. 

6. A l t l t u d e  change r eques t s  

Thls  measure was l n t r o d u c e d   t o   p u t  more r e a l l s m   I n t o   t h e  simu- 

l a t l o n  problem  and ge t   an   addl t lona l   measure   o f   the  two systems. 

There  were  seven  such  requests a t   v a r l o u s   t u n e s  in each  problem. 

The a m c r a f t   i n i t l a t e d   t h e   a l t l t u d e  change  request.  The t u n e   m t e r v d  

between  the  end  of   the  pl lot ' s   request  and t h e  end  of  the i n l t l a l   c l w r a n c e  
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g lven   by   t he   con t ro l l e r  was recorded  by  the  observer .  If t h e   a l r c r a f t  

was n o t   c l e a r e d   t o   t h e   r e q u e s t e d   a l t l t u d e  i n  t h e   i n l t l a l   c l e a r a n c e   o r  

w l th in  3 m l n u t e s   o f   t h e   l n i t l a l   c l e a r a n c e ,   t h e   p i l o t  would r e p e a t   h i s  

reques t .  This was done  every 3 m l n u t e s   u n t l l   t h e   p l l o t  was c l e a r e d  

t o  h l s  r e q u e s t e d   a l t l t u d e .  The observer   recorded a l l  t h i s   d a t a .  The 

da ta   ava l l ab le  were the tune de lays   be tween  the   p i lo t   reques t   and   the  

f n l t l a l   c l e a r a n c e .  

RESULTS 

The b a s l c   d a t a   a p p e a r   i n  Appendlx A. 

The ana lys l s   o f   va r l ance  was performed  for  each  of  the  seven  measures 

as   fo l lowse  

1. Number o f   con f l l c t lons  

2 .  Altl tude  changes Imposed b y  ATC 

3 .  Vectors Imposed b y  ATC 

4. Message frequency 

5. Message t m e   d u r a t l o n   p e r   r u n  

6 .  Number o f   a l r c r a f t   n o t   r e d i r e c t e d   t o   a l r w a y s  

7 .  Number of c o n t r o l   a c t l o n s   ( t h e  sum of   a l t i tude   changes  and v e c t o r s )  ~ 

The e x p e r m e n t a l   d e s l g n   a l l o w e d   t h e   t e s t l n g  of t h e   s t a t l s t i c a l  

s l g n l f l c a n c e  of t he   fo l lowlng   f ac to r sz  

1. Dlfferences  between  the SRS and VG 

2 .  Dlf fmences  among c o n t r o l l e r s  

3 .  Dlfferences  between  problems 
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4. In te rac t lons   be tween  cont ro l le rs  and scopes  (f.e.,  SRS and VG) 

s m  Interact lons  between  control lers   and  problems 

6. Interactlons  between  scopes  and  problems. 

The f ac t   t ha t   t he   expe r lmen ta l   des lgn   a l lowed   t he   t e s t lng  of 

t hese   f ac to r s   fo r   each  of t he   s evenva r l ab le s   l i s t ed   above  meant t h a t  

t h e   t o t a l  number of hypotheses  whlch  could  be  exammed was for ty- tu0  (42). 

O f  t h e   f o r t y - t w o   s l g n l f l c a n c e   t e s t s  made, t h i r t e e n  were s lgn l f l ca r l t  

a t   t h e  9% l eve l   o f ' con f ldence .  The s l g n l f l c a n t   r e s u l t s  were a s  fo l lows t  

SRS and VG d l f fe red   In :  

1. Alt l tude  changes 

2.  Numkr   o f   a i rc raf t   o f f   a l rways  

3 .  Message  frequency. 

C o n t r o l l e r s   d l f f e r e d  In:  

1. C o n f h c t l o n s  

2. Number o f   a l r c r a f t   o f f   a l r v a y s  

3 .  Message  frequency. 

Problems  dlffered In: 

1. Con t ro l   ac t lons  Imposed 

2. Vectors imposed 

3 .  Altl tude  changes 

L o  Number of a l r c r a f t   o f f   a i r w a y s .  

There  were  s lgnlf lcant   lnteract lons  between8 

1. C o n t r o l l e r s  and  scopes m number o f   con t ro l   ac t lons  imposed 

2.  Cont ro l l e r s  and  scopes i n  number o f   c o n f l l c t l o n s  

3 -  Scopes  and  problems I n  number of a l r c r a f t  o f f  airways.  
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There was a tendency f o r  the  lnteractlon  between  scopes  and  prob- 

lems t o  be s l g n l f l c a n t   w l t h   r e g a r d   t o   c o n f l l c t l o n s .  

Observatlons o f  holds  and  confused  ident l t les  were made, b u t   t h e s e  

occurred s o  I n f r e q u e n t l y   t h a t   a n   a n a l y s l s  was not  made. The da ta  on 

a l t l t u d e  change  tlme  delays  were  not distributed In  such a form a s  t o  

a l low  analysls ,   even  wlth  t ransformatlon.  Most delays  were well wl th in  

two minutes. 

DISCUSSION OF RESULTS 

The present   experlment  was concerned  with  determmlng  In  whlch 

aspects  of  system  performance  the  operatlons of t h e  SRS type   r ada r  

processmg  devlce  and t h e  VG type  devlce were  comparable o r  d l f f e r e n t .  

There a r e  many a s p e c t s   I n  whlch t h e  two equlpments   d l f fe r ;   and   the  

a t tempt  was made he re   t o   de t e rmlne  what e f f e c t s ,  If any ,   these   d l f fe rences  

had on some c r l t e r l a   o f   a i r   t r a f f l c   c o n t r o l   p e r f o r m a n c e .  It should 

not  be n e c e s s a r y   t o   r e c o u n t   I n   d e t a l l   t h e   a s p e c t s  I n  which these  

equlpments   dlffer .  Some of   the  maJor ones,  however, a r e   t h e  SI= of  

the  scopes;   e .ge e t h e  SRS has a 14 Inch   d lameter   whl le   the   hor lzonta l  

d i s p l a y  1s 2 1  Inches   In   d lameter ;   t rack lng   In   the  VG system 1 s  done 

w l t h   p l a s t i c   c h l p s  and the lnformatlon i s  handwrltten on t h e s e   c h l p s j  

t r a c k l n g   I n   t h e  SRS system 1 s  done wl th  a t r a c k i n g   s t l c k  and e l e c t r o n l c  

t r a c k l n g   g a t e s .  The ident l fy lng   in format lon  1s p r e s e n t e d   d l r e c t l y  on 

the   d l sp l ay  and It 1 s  no t   necessa ry   t o   pu t   t h l s   l n fo rma t lon  on t h e  

d l s p l a y  by  hand. 
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Wlth t h l s   b r l e f   r e v l e w   o f   t h e   d i f f e r e n c e s  i n  t h e  two equlpments 

involved,  which  have  been  discussed i n  more d e t a i l   I n   o t h e r   p a r t s  Of 

t h i s   r e p o r t ,  we  may proceed t o  an e x a m n a t i o n   o f   t h e   r e s u l t s .  

A word a b o u t   t h e   c r l t e r i a   u s e d  1s i n   o r d e r .  The gene ra l  rationale 

b e h m d   t h e s e   c r i t e r i a  1s one most   f requent ly   used  In   connect lon  with 

t h e   a l r   t r a f f i c   c o n t r o l   s y s t e m s ;  i. e .9   t he   f aml l i a r   ph rase   whxh  

s t a t e s   t h e   o b j e c t l v e  of t h e   a i r   t r a f f i c  con t ro l  system i s  t o  move a i r  

t r a f f i c  I n  t h e   s a f e s t  and  most expedltious  manner. 

On t h e   b a s i s  of t h l s   r a t i o n a l e ,  the most impor t an t   c r l t e r lon   u sed  

1 s  t h a t  of c o n f h c t i o n s ,  whlch i s  I n  essence a euphernlsm f o r   a i r  

collisions. Subs ld l a ry   c r l t e r i a   mvo lve   exped i t iousness ;  1. e. ,  

minlrnlzlng  delays t o   t h e   a l r c r a f t  and  changes  of  course  and  altltude 

t o   t h e   a r c r a f t  which  mlght  lnconvenlence them. 

The o t h e r   c r l t e r i a   u s e d   w e r e   n o t   d m e c t l y   r e l a t e d   t o   t h e   o b J e c t i v e  

of the  system. One of   these was concerned  with  the amount  of voice 

communlcat ion  requfred  between  the  control ler   and  the  pi lots  of the 

a l r c r a f t   u n d e r   c o n t r o l .  It would  be d e s l r a b l e  t o  keep t h x   t o  a mln~murn. 

Ano the r   c r i t e r lon   app l l ed  was concerned  with a t a s k  whlch c o n t r o l l e r s  

p r o b a b l y   a r e   r e q u r e d   t o   p e r f o r m   l e s s  I n  r e a l   o p e r a t l o n s   t h a n   t h e y  

were I n  these  tests. This   concerned   no t l fymg  p i lo t s  when they  have 

d r l f t e d  o f f  the  alrways.   Because of t h e   d r l f t  In t h e  J-1-C s imula to r s  

t h l s  d r l f t l n g   o f f   t h e   a l r w a y s   o c c u r r e d   m t h  some frequency.  This 

c rea ted   an   oppor tunl ty   to   score   the   cont ro l le rs '   per formance  on t h e  two 

sys t ems   i n  t h i s  k m d   o f   t a k .  
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SAFETY 

There was no s lgn l f l can t   d l f f e rence   be tween   t he  two  systems I n  

t h e  number o f   c o n f l i c t l o n s  whlch  occurred  between  aircraft .   There 

was an  average  of  approximately  three  confllctions  per r u n  In the  

case of both  the SRS and VG type  systems. The computed averages  were 

3.1 c o n f l i c t l o n s  f o r  t h e  VG system  and 2.6 c o n f l i c t i o n s  for t h e  SRS 

system. It 1 s  a l s o  n o t a b l e   t h a t   t h e r e  was a n   l n t e r a c t l o n  of  s u f f l c l g l t  

s t r e n g t h   t o  be s t a t l s t l c a l l y   s l g n l f l c a n t  between the   con t ro l l e r s   and  

the  systems.  Thls means t h a t  some c o n t r o l l e r s  were  able t o  c o n t r o l  

more s a f e l y   w l t h  one type  of   equipment   whlle   other   control lers   were 

a b l e  t o   c o n t r o l  more safe ly   wl th   the   o ther   type  of  equipment.  This 

IS Indica ted  by the   average   conf l lc t lon   da ta   appear lng   In   the   fo l low-  

lng t ab l ea  

CONFLICTIONS 

c1 c2 Average 

Slmulated VG 

3 (2.6) 1 l4 4 SRS 

3 (3.1) 3 2 4 

. 

Average 2 3 l4 

C1 - Contro l le r  1 

C 2  ~ Contro l le r  2 

C - Contro l le r  3 3 
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EXPEDITIOUSNESS 

Glven  the  fact   that   the   systems  under   s tudy were equivalent wlth 

r ega rd   t o   t he   s a fe ty   t hey   p rov ided  t o  t h e  a l r c r a f t  under   the=  control ,  

pr lmary  reference must now be  had t o   t h e   e x p e d l t l o u s n e s s   c r l t e n o n .  It 

w l l l  b e   r e c a l l e d   t h a t   u n d e r   t h f s   c r l t e r l o n ,   t h e   b e t t e r   s y s t e m  would 

have  fewer  delays  and  requlre  fewer  changes  In  course  and/or  al t l tude 

o f   t h e   a i r c r a f t  I n  t h e  system. In   the   cur ren t   exper iment ,   de lays  were 

s tudled .  Only three   ho lds   occur red   dur log   the   experment   and   th i s  was 

msuf f l c l en t   da t a   fo r   any   aM1ySlS .  

Wlth  regard t o   t h e   a l r c r a f t  maneuvers  occasioned  by  the ATC system, 

t h e  number o f  v e c t o r s   g l v e n   p l l o t s   p e r   r u n  was n o t   s t a t l s t l c a l l y   d l f f e r e n t  

between the  systems.  The o n l y   s t a t l s t l c a l l y   s l g n l f l c a n t   d l f f e r e n c e  i n  

vectors  whlch  occurred was between t h e  two t raff ic   samples   used (20 vs  28). 

Both systems Involved  scored  about 2l1 vec to r s  per run,  (VG 23.8, SRS 25.0). 

The other   type  of  maneuver lnvolved was  a l t l tude   changes .  The 

two s y s t e m s   d i d   d l f f e r   s t a t l s t 1 c a l l y  I n  t h e  number of a l t i t ude   changes  

Imposed by t h e   a l r   t r a f f i c   s y s t e m .  The VG type  system  averaged 8 

a l t l t u d e  changes  per run, wh l l e   t he  SRS system  averaged h a l t l t u d e  

changes  per  run. 

Conslder lng  both  types of maneuvers I n  combinat lon,   as   control  

ac t lons   requl red   by  .4TC, t h e r e  was no s t a t i s t l c a l   d i f f e r e n c e  between 

the  two systems. There was however a s t a t l s t l c a l   d i f f e r e n c e  between 

t h e  two  problems  used. The l n t e r a c t i o n  between t h e  problems  and  con- 

t r o l l e r s  was a l so   s ign l f l can t .   Examlna t lon  of t h e   c o n t r o l   a c t l o n   d a t a  
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shows,  however, t h a t   t h e   I m p o r t a n t   f a c t o r  in b o t h   s l g n l f l c a n t   e f f e c t s  

was the   h lgh  number of   vectors  imposed  by Con t ro l l e r  3 when s u b ~ e c t e d  

t o  Problem 2. In a l l   o t h e r   c o n d i t l o o s   e q u a h t y   e x l s t e d  between a l l  

f a c t o r s .  

I n  summary, we have  found t h a t   t h e  two systems  are  approxlmately 

equal  l n  t h e   s a f e t y   t h e y   p r o v l d e ,   t h a t   t h e r e   a r e  no d l f f e rences  I n  

t h e   t o t a l  number o f  maneuvers t h e   a l r c r a f t  must  perform t o   o b t a l n  

t h i s   s a f e t y  and t h a t   t h e  two sys tems  a re   equa l  I n  expedl t lousness .  

It shou ld   be   no ted ,   however ,   t ha t   t he   con t ro l l e r s   r e so r t ed   t o   a l t l t ude  

c h a n g e s   a s   t h e   s e p a r a t l n g   t o o l  more o f t e n  when uslng t h e  VG system. 

Wlth r e g a r d   t o   t h e  communlcatlons  requlred  between  pllots and 

controllers,   communication was more f requent   wl th   the  VG system (VG 

averaged 130 messages  per run; SRS averaged 11b messages  per run) .  

Although t h e   f r e q u e n c y   d l f f e r e d ,   t h e   t o t a l   t l m e   d u r a t i o n  of t hese  

messages was n o t   d i f f e r e n t .  From a practical p o l n t  of n e w ,  It does 

n o t  seem t h a t  It would  be f a n   t o   s a y   t h a t  one o r  the   o ther   sys tem 1s 

more demandlng m t h   r e g a r d  t o  t h e   c o m u n i c a t l o n   l o a d   r e q u l r e d   m t h i n  

the  system. 

The only  cr l ter lon  measure  remalning  for   examlnat lon 1s t h a t  

l nvo lv lng   t he   v lg l l ance  of t h e   c o n t r o l l e r s  I n  s u g g e s t l n g   t o   p l l o t s  

t h a t  t h e y   r e t u r n   t o   t h e   a l r w a y  from  which they  have  dr l f ted.  The 

manner In whlch t h l s  was scored was tha t   t he   obse rve r  woula  watch 

f o r  a l r c r a f t   d r l f t l n g  o f f  the   a l rway and note  whether   the   cont ro l le r  

c a u g h t   t h l s  and  lnformed  the  pi lot   of  It. The t l m e s   t h a t   a l r c r a f t  



d r l f t e d  off  alrways and the c o n t r o l l e r  d l d  not   ln form  the   p l lo t   o f  it 

b e f o r e   t h e   a m c r a f t   g o t  more than  seven rnlles off   the   a i rway were 

t a l l l e d .  There  were statistically d u f e r e n t   s c o r e s  i n  t h l s  measure 

between  scopes,   controllers,   and  problems.  There was a l s o  a s i g n i f l c a n t  

i n t e r a c t l o n  i n  t h i s  measure  between  scopes  and  problems. The average 

da ta   a r e   p re sen ted   i n  the following t a b l e r  

CONTROLLERS 

I 3 I c2 
c’ 

A/c off  alrways 3 2 2 

SCOPES 

A/c off  amways 
I 
I 
I 

PROBLEW 

A/C off   a l rways 

SCOPES x PROBLEMS INNTERACTION 

p1 -1 
A/c off  alrwavs - - - - 



L F t t l e   I n t e r e s t   a t t a c h e s   t o   t h e   d i f f e r e n c e  I n  problems,   control lers ,  

o r  the  lnteractlon  between  scopes  and  problems. The f a c t   t h a t  the SRS 

runs averaged k such  events   and  the VG runs  averaged two such  events  

may be  of some importance. Thls c o u l d   l n d l c a t e   t h a t   t h e   c o n t r o l l e r s  

were bus l e r   u s ing   t he  SRS system  and s o  l e s s   a l e r t   I n   t h e l r   v l g l l a n c e .  

T h i s   p o s s l b l l l t y  would a l e r t  us t o  the  danger  of bul ldlng  systems w l t h  

s o  many op t lons   and   f ea tu re s   t ha t   t he  man becomes a '"dial twister." 

On the  other   hand,  a more probable   explanat lon  mlght   be  that   the  

operat lon  of   the SRS sys tem  requi res   l ess   p reoccupat lon   wl th   the   exac t  

p h y s l c a l   l o c a t l o n  o f  t h e   a l r c r a f t  and the  a l rways  than  the  chlp  push-  

m g   o p e r a t i o n  on t h e  VG scope  does.  

SUMMARY 

In summary, t h e n ,   t h e   e x p e r m e n t a l   d a t a   l n d l c a t e s  some value In 

t h e  SRS system  from  the  polnt of n e w  o f   r e q u l r l n g   l e s s   a l t l t u d e  

changes   o f   t he   a l r c ra f t  i n  the  system.  Thls  mlght  be a func t lon  of 

t h e   a l t l t u d e   s e l e c t l v e   d l s p l a y   p o s s i b l e   w l t h   t h e  SRS system.  This 

may enable   the  reduct lon  of   unnecessary  a l t l tude  changes.  The f a c t  

t h a t  more a l t i t u d e  changes  were  requlred  whlle  uslng  the VG type 

d l sp lay  1s probably  due t o   t h e   c o n t r o l l e r ' s   c h a n g l n g  altitudes on a 

p re -p lann lng   bas l s   acco rdmg  to   s t r i p   e s t lma tes   w l th   t he  VG r a t h e r  

t h a n   u s i n g   t h e   c u r r e n t   a l t l t u d e   d l s p l a y   I n   t h e  SFS type  dlsplay.   There 

is no d i f f e rence  I n  the  communlcatlons  requlred (of a degree   to   be  

p rac t i ca l ly   impor t an t )   and ,   t he re  1s no d l f f e r e n c e   I n   t h e   c o n t r o l l e r ' s  
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a b i l i t y   t o   s a f e l y   h a n d l e  a t r a f f l c  volume wlth   the  two systems.  There 

1s some tendency on t h e   p a r t   o f   c o n t r o l l e r s   t o   l e t   a i r c r a f t   d r i f t  

more off   the   a l rway when us lng   t he  SRS system. 

I n  i n t e rp re t lng   t hese   da t a ,   pe rhaps   t he  most important   general  

concluslon i s  t h a t   t h e r e  i s  v e r y   l l t t l e   a p p r e c l a b l e   d l f f e r e n c e   f o u n d  

I n  t h i s  experment   between  the two systems  studled.  Thls  concluslon, 

however,  must  be  vlewed I n  context .  To begin w l t h ,  the   experlment  

was of l l m l t e d   s l z e  and gene ra l l t y .  It 1s r a r e   t h a t  we can  place a 

g r e a t   d e a l  o f  r e l l a n c e  on an  experlment  conslsting  of  twelve & minute 

t e s t s .  T h l s  was p r m a r l l y   a n   e x p l o r a t o r y   s t u d y .   T h i s   s o r t  of experl-  

ment forms a gulde   for   po l lcy   dec ls lons   bu t   should  n o t  be t h e  exclusive 

bas ls   o f   po l icy   dec is lons .  A f u r t h e r   f a c t  1 s  t h a t   t h e  SRS system used 

here   cannot   be   va l ld ly   t aken   to   be   representa t lve   o f   a l l   seml-automat lc  

ATC t r ack lng  and dlsplay  systems. The p a r t l c u l a r   p i e c e  of gear  used 

was a shop  modlfled  devlce  In  whlch  the  maJor  effort  was t o  more o r  

l ess  s m u l a t e   t h e   f e a t u r e s  whlch  would  be available I n  l a t e r   sys t ems .  

I n   d o i n g   t h l s  It was i rnposslble   to   be  very  careful   about   arranglng 

t h e   f e a t u r e s  of t h e   t r a c k l n g  and dlsplay  systems f o r  the  convenience 

of t he   ope ra to r .  

Another f a c t   t o  remember 1 s  t h a t  t h l s  experlment  consldered a 

control ler   worklng  a lone.  If the  experiment  were  done  with  several  

c o n t r o l l e r   p o s l t l o n s  where con t ro l l e r s   r equ l r ed   coord lna t lon ,  It 1s 

p o s s l b l e   t h a t   t h e  SRS system  mlght  have shown up more advantageously 

because  of I ts  s p e c l a l   f e a t u r e s   f o r   h a n d l l n g   t r a f f l c   b e t w e e n   s e c t o r s .  



It 1s a l s o   n e c e s s a r y   t o   p o m t   o u t   t h a t  when ques t ioned   a f t e r   t he  

expe r lmen t ,   t he   con t ro l l e r s  who had  operated  the  equlprnent  expressed 

t h e   o p l n l o n   t h a t  a sys tem  of   the   genera l   type   represented   by   the  SFS, 

but  of an Improved deslgn,  could  glve them a n   I n c r e a s e d   t r a f f l c   h a n d l i n g  

capac i ty  of up t o  2% over   the  VG type  operation 

F l n a l l y ,  we must remember a f a c t o r   w h x h  1s always  wlth us I n  

ATC systems  experimentatlon.  This 1s a n   a r t  whlch 1s progress lng  

cons lderably ,   bu t   has  a long way t o  go. P a r e n t h e t l c a l l y ,   t h e  wrlters 

f e e l   t h a t   t h e   p r e s e n t   s e r l e s   o f   e x p e r m e n t s   h a s  made  some c o n t r i b u t m n  

t o   t h e   f u r t h e r  development  of ATC s lmulat lon  technlque  by i t s  employ- 

ment of  methods  of expe rmen ta l   des lgn  and ana lys i s   even  w l t h l n  the  

llmits of what w& essentially a c rash  program.  Nonetheless, we 

st111 su f fe r   f rom a major  problem i n  ATC work whlch   has   ye t   to  be 

solved  and w ~ l l  probably  never   be  solved  unless  some b a s l c   r e s e a r c h  

on t h e  problem 1 s  sponsored;  namely,  the  crlterlon  problem. I n  o the r  

words, l t  1 s  probab le   t ha t  our c r l t e r i a  have  not  been  sensltlve  enough 

t o   d e t e c t   d l f f e r e n c e s   e x l s t m g  I n  t h e  two systems.  That  the systems 

do n o t   d l f f e r  I n  a g loba l  measure l i k e   c o n f l i c t l o n s   s h o u l d   n o t  come 

a s  a complete surprise. Indeed, it i s  posslble   even I n  t he   ca se  of 

any d rama t i ca l ly  improved  system,  the  value  of  the  system  mlght  not 

be  apparent   through  the measurement, of c o n f l l c t l o n s .  It 15, on t h e  

other   hand,   probable   that   the   major   area  of  lmprovement mll be I n  

r educmg  the   s t r e s s   unde r  whlch t h e   c o n t r o l l e r  works. It 18 in t h l s  

a r e a   t h a t   t h e   c r l t e r l o n  problem l l e s   s l n c e  It 1s p o s s i b l e   t h a t  a 
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ded lca t ed   con t ro l l e r   can  overcome any   de f i c i enc le s   i n   h l s   equ lpmen t  

through s h e e r   e f f o r t .  It 1 s  t h l s   e f f o r t  which we are   unable  t o  

measure a t  t h l s  tme .  Flnding a way t o  measure it is not  gomg t o  be 

an   easy  or  qulck  operat ion.  
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APPENDIX A 

Basic  Data  Tables 

SRS vs VG 

ALTITUDE  CHANGES 

VG T 
p1 p2 P1  p2 

I 
C o n t r o l l e r  1 

5 6 9 1 8 Cont ro l l e r  3 

3 5 b 9 C o n k o l l e r  2 

3 II 6 10 , 

- . 

VECTORS IMPOSM 

2 1  26 22 1 9  

18 20 

MESSAGE  FREQUENCY MESSAGE DURATION (SEC . ) 
VG SRS 

p1 ' p2 p1 p2 

L-- .~ ~~ 

Cont ro l l e r  1 

106 92 118 10Q Cont ro l l e r  3 

138 139 1 175 1b6 C o n t r o l l e r  2 

, 97 , 110 116 127 ' 

- 

CONTROL ACTIONS 
(Vectors + Altltude  Changes) 

I VG 1 SRS 1 
HOLDS 

1 VG I SRS 

I p1 1 p2 I p1 ~ p2 I I 

C o n t r o l l e r  2 27 33 29 31 

Cont ro l l e r  3 27 L1 2 1  L7 
- 
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p1 1 c2 
L 

1 
I 

I c3 I 

APPENDIX A 

Basic Data Tables 

Smula ted  VG-vs SFS 

CONFLICTING A/C 
I 

SRS I VG 

2 

3 

L 

3 

L 

5 ' 5  

1 

0 1 

A/C OFF AIFlWAY 

VG SRS 1 

P = Problem 

0 = Observer 
C = C o n t r o l l e r  

1 

1 

2 

2 

2 

2 

01 
3 

3 

5 

3 

5 

5 

2 1  

I 

f l  
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APPENDM A 

COMPARISON OF DATA BETWEEN RUNS 1, 2 AND RE-RUNS 1, 2 

RUN 
SCOPE 
PROBUN 
SUBJECT 

' RUN 
' 1  
I s= 
1 2  

- Observer 

2 1 
- Observer 1 

- AIRCRAFT O F F  AIRWAY 

- Observer 1 
B - Observer 2 

1 
C - H O I E  I 0 

D - ALTITUDE CHANGES ! 3  

E - VECTORS  IMPOSED 

4 

I 

~ 

A - Re-idents 0 1  0 

11 C - Return t o  axway  ~ 5 7 
16 B - Separation i l l  15 
0 

F - COMMUNICATIONS MEASURE 1 
I 

A - Frequency 

1 0 2 G - T R A C K I N G  CONFUSION 

6L2 Measured b Ob B - Duratlon  (Sec) 
175 Not 97 

RE-RUN 
2 
VG 

2 
2 

1 
I 

I 
1 

1 - 2 t u r n s  

6 

18 
0 

13 

152 
575 
0 
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SubJect  2/Clrcles 
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Average E r r o r  Between Target  and  Gate 

Dot Type Gate 
C l r c l e  Type Gate 
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Dot Type Gate 
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1 
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2 

7 
8 
9 
10 

11 

12 

13 



PURPOSE 

To compare c l r c l e s  and d o t s   f o r   e f f e c t l v e n e s s  as tracklng  symbols.  

S t a t l s t l c a l   t e s t s  were run  t o  compare c m c l e s   a n d   d o t s  a s  t r a c k i n g  

symbols u l t h   r e g a r d   t o  two a s p e c t s  af e f f e c t i v e n e s s  

a n  T a r g e t   i n l t l a l   c a p t u r e  

b .   Veloc l ty   inser t lon .  

TARGET INITIAL CAPTURE 

Procedure 

Ten t a r g e t s  were  placed i n  t h e   g e n e r a l  form of  a c l r c l e   a t   v a r l o u s  

ranges   about   the   scope   face .   Subjec ts   were   lns t ruc ted   to   acqul re  

t h e s e   t e n   t a r g e t s   a s   r a p i d l y  as poss ib l e .  Each  of t h e s e   s u b J e c t s   d i d  

t h r e e  runs w l t h   c l r c l e s  and t h r e e  runs wlth   do ts .  The t a r g e t s  were 

acqu l r ed   by   p l acmg   the   do t s   a t   t he   cen te r  of t h e   t a r g e t s ;   I n   t h e   c a s e  

of t h e   c l r c l e s ,  the t a r g e t s  were acqui red  by p l ac ing   t he  symbols so  

t h a t   t h e   c l r c l e   s u r r o u n d e d   t h e   c e n t e r   o f   t h e   t a r g e t .  The measure  taken 

was t h e   t o t a l   t l m e  i n  seconds  requlred t o  c a p t u r e   a l l   t e n   t a r g e t s .  

Resu l t s  

The fo l lowing   t ab le   p re sen t s   t he  scores i n  seconds  which were obtamed.  

DOTS CIRCLES 
I 

81 
Operator 1 

59 
60 64 
70 52 

82 

89 

76 

66 
Operator 2 a3 7b  



It can be seen  from t h e   t a b l e   t h a t  a speed   d l f f e reoce   ex l s t s  

between  c l re les   and  dots .  Thls d i f f e rence  1s v e r y   r a l l a b l e   d a t f s -  

t l c a l l y  (.002 l e v e l ,   s l g n  tes t ) ,  lnd fea t lng   t he  coneluslon would  be 

t h e  same 998 t lmes  out  of 1000. 

I n  summary it 1 s  concluded   tha t   e fPc les  are s i g n l f l c a n t l y   f a s t e r  

f o r  initial a c q u l s l t l o n   o f   t a r g e t s .  

VELOCITY INSERTION 

Procedure 

M a t c h m g   t h e   t a r g e t   v e l o c l t y   w i t h   t h e   t r a c k l n g   c h a n n e l   v e l o c i t y  

1 s  a very Important   aspect   of   t racklng.  The c l r c l e   a n d   d o t  symbols 

were  checked t o   s e e  If the  symbol  had  any  effect on the   speed  or 

accuracy  of t h l s  ve loc l ty   ma tehug   p rocedure .  A t e s t  was s e t  up  whlch 

measured  the  tune It t o o k   t h e   s u b p c t s  t o  sd jus t   t r ack ing   channe l  speecl 

t o   t a r g e t   s p e e d ,  The channels were i n t l a l i y  set  a t  s p e e d s   d l f f e r e n t  

from t h e   t a r g e t s   t o  be t racked.  F o ~ r  t a r g e t s   w ~ t h   a s s o c i a t e d   t r a c k -  

lng  channel8 ( o r  g a t e s )   w e r e   p r e s e n t e d   t o  t h e  t r a e k e r   a t   t h e   b e g l n n l n g  

of  each run .  Each t a r g e t  was going ~n a d i f f e r e n t   d i r e c t l o n ,   i . e . ,  one 

was g o l n g   e a s t   t o   w e s t ,  one west  t o  e a s t ,  one north t o  south,  one 

south t o  north.  

A t o t a l  of 16 runs  was made. Each of t h e  two s u b J e c t s   d l d   f o u r  

runs  wlth elrcles and f o u r  w l t h   d o t s ;   I n  two of   these   runs   the   t rack-  

i n g   c h a n n e l s   w e r e   l n l t l a l l y   s e t   a t  LOO k n o t s   f a s t e r   t h a n   t h e   t a r g e t ,  
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and I n  two of the  runs t h e  tracklng  channels  were  100  knots  slower 

than   t he   t a rge t s .  A l l  t a r g e t s  were about 300 knots In speed. The 

subJects  were  not  given any of t h l s   i n fo rma t lon .  

The des ign   o f   t h l s   expe rmen t   uas   a s   fo l lowsr  

The runs  were  performed I n  random order.  Observers were a s s l g n e d   t o  

record the time  and  speed  each  tune the  t r a c k e r  made a c o r r e c t i o n   t o  

the t racking   ga te .  The t r a c k e r s  were i n s t r u c t e d  t o  make co r rec t lons  

only when t h e   t a r g e t  was comple t e ly   ou t s ide   t he   cmc le  o r  when the  

II t a r g e t  ua6 not I n  c o n t a c t   u i t h   t h e   d o t .  These i n s t r u c t i o n s  removed 

mlnor v a r l a t l o n s  due t o   n o t   c e n t e r i n g   t h e   g a t e .  
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VELOCITY IDISEBTION (Continued) 

Results 

The b a s x   d a t a   c o l l e c t e d  In the   exper iment   a re  shown In   Appendu  

A,  Table 1. The f l g u r e s  shown a r e  t h e  t lmes  in   mlnutes   and  decimal  

po r t lons   o f   mlnu te s   a t  which t h e   t r a c k e r s  made a d p s t m e n t s  m t h e  

speeds. It will be  noted from t h e   d a t a   t h a t  It was no t   poss ib l e  t o  

s t a r t  a l l  g a t e s   o u t   a t   e x a c t l y   t h e   s p e e d   c a l l e d  f o r  i n  the   des ign .  

There was a l s o  some d i f f i c u l t y   w i t h   t h e   s p e e d   a d p s t m e n t  of t h e  1s-J-1-C 

t a r g e t   g e n e r a t o r s .  

These d i f f i c u l t l e s  were overcome In the da ta   ana lys i s  I n  #he 

fol lowing manner. The assumption was made t h a t   I n   a l l   c a s e s  the 

t r acke r s   had   ad jus t ed   t he   t r ack ing   channe l s   t o   w i th ln  a very c l o s e  

agreement  with the t rue   speed   o f   t he   t a rge t s .   S lnce   t he  same t a r g e t s  

were a luays   used   wi th   the  same g a t e s ,   t h e   f i n a l   g a t e   s p e e d   r e a d i n g s  

were appropr l a t e ly   ave raged   t o   de t e rmine   t he   t rue   speeds  of  t h e   t a r g e t s .  

Then, t h e   f a c t   t h a t   t h e   g a t e s  were  not s e t   o u t   a t   e x a c t l y   1 0 0   k n o t s  

g rea t e r   t han  or l e s s   t h a n  the t r u e   t a r g e t   s p e e d  was overcome by 

e x p r e s s i n g   a l l  of the d i f f e r e n c e  between the  gate   speeds  and  target  

speeds I n  terms of  a pe rcen tage   o f   t he   t rue   t a rge t   speedr  

Target  Speed - - Gate  Speed 
Target  Speed 

Fur ther   ana lyses  were done i n  terms of these   pe rcen tages   r a the r   t han  

i n   a b s o l u t e  numbers.  These percentages  appear  i n  Appendlx A. 



These  percentage  curves  were  averaged I n  varlous  comblnatlons,  

and  average  curves  for  the  important  condltlons of the  experlment 

appear   In   F lgure  1 and Flgure  2 io Appendlx A. Slnce  the  speed  changes 

w l t h  time  were i n  s t eps ,  lt was poss lb le   to   de te rmme  the   percentage  

deviation a t   a l l   i n t e r v e n i n g   t i m e s .   F o r  2-second increments t h e  

percentage   devia t lons  were a v e r a g e d   f o r   a l l   s e s s l o n s  i n  whlch d o t s  

were  used,  and f o r   a l l   s e s s i o n s   i n  whleh c i r c l e s  were  used.  Sfnce  the 

v a r l a b l l l t y  w l t h m  any  given  t lme  Interval  was small ,  it was not  

necessary t o  t ransform  the   percentages   for   averaging .  The medlan 

values  were a l s o   p l o t t e d  (Flg. 2, Appendlx A). 

An ana lys i s   o f   var lanoe  was performed t o  examlne t h e  effect o f  

the   major   var lab les  I n  the  experiment. The performance  measure  chosen 

for a n a l y s i s  was t h e   t l m e   a t  wh ich   t he   sub jec t   had   been   ab le   t o   ad jus t  

and  malntaln the g a t e   s p e e d   t o  u i t h m  1% of  the target  speed.  These 

t i m e s   a r e  shown i n  Table 2.  Table 2 waa used in t h e   a n a l y s i s  of var iance,  

a f t e r   u s e   o f  a logar i thmic  transformation t o  normalize  the  data .  

The va r l ab lea   s tud led  i n  t h e   a n a l y s i s  of var iance  were  as   fol lowsr  

1. Symbol typea   ( c l r c l e  vs d o t )  

2. I n i t i a l  t a r g e t  - channe l   speed   r e l a t ionsh ip   ( i aemj   ga t e  

i n i t i a l l y  100 k n o t s   f a s t e r   t h a n   t a r g e t  vs 

g a t e   f n i t l a l l y  100 kno t s   s lower   t han   t a rge t )  

3 .  Trackers   (SubJects)  

b .  Channel-target  combmations (..e., t h e   s p e c l f l c  J -14  t a r g e t s  
and SRS-1 tracking  channels   used m combmat lon   ou t   o f   those  
a v a i l a b l e ) .  
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The analysis   of   var jance  of   the  data  on t h e  t m  s a t  whlch t h e  

sub jec t s   go t  and  kept   the  gates   wlthin l@ of t h e   t r u e   s p e e d  indicated 

t h a t   t h e r e  was  no d l f f e rence   be tween   t he   c i r c l e s  and d o t s   a s   t r a c k m g  

symbols .   Similar ly ,   there  was no d l f f e rence  I n  the  adJustment t fm 

depending on whether   the   ga te  was f n l t l a l l y   s l o w e r  or  f a s t e r   t h a n   t h e  

target.   Nelther  were  any of the  two v a r l a b l e   l n t e r a c t f o n s   s l g n l f l c a n t  

(e.g. i n l t l a l  speed X c i r c l e s -do t s ) .  

There was a statistically s l g n l f l c a n t   d l f f e r e n c e  among the  channel- 

ta rge t   comblna t lons .  The average  t imes f o r  the   four   channel - ta rge t  

comblnatlons a re  a s  fol lowso 

TARGET-GATE COMBINATIONS 

I I I 
Tlme to   ad . ius t  

~ 

I I I 
speed to   wy th ln  

ge t   speed   (mmutes)  
1G$ of t r u e   t a r -  

3.07 4.24 2.11 2.13 

This may r e f l e c t  some de fec t  I n  2 of  the  tracking  channels  used. 

Tu0 of   the   four   3 -var lab le   in te rac t lons   were   s fgni f lcant ,  1 - e ~ ~  s u b ~ e c t s  

by  target-channel  comblnatlons by  symbol  types,  and, l n l t z a l   c h a n n e l -  

ta rge t   speed   re la t lonshlp   by   t a rge t -channel   combina t lon  by symbol 

types. However, these   h lgher   o rder   ln te rae t lons   have  no p r a c t l e a l  

s lgn i f lcance .  

It is conc luded   t ha t   t he re  fs no difference  between  c i rc les   and 

dots   as   t rackfng   symbols   as   concerns   the   e f fec t lveness   o f   ve loc i ty  

in se r t ion .  
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Table 1 Basic  Data 

SubJec t   1 /C l rc l e s  
SubJee t   2 /? l rc les  
SubJect  1;Dots 
Sub jec t  2/Dots 

F lgure  1 
Average Error Between Target  and  Gate 

Dot Type Gate 
Cmcle  Type Gate 

F igu re  2 
Medlan E r r o r  Between  Tapget and Gate 

Dot Type Gate 
Cfrc le  Type Gate 

Table 2 Date on A r r i v a l  Tlme a t  1 4  E o m t  

7 
8 

10 
9 

11 

12 

13 



Gate  Speed 

Less Thin 
100 K,otS 

Target  Speed 

Channel X 1  Channel X3 Channel X5 C h a m e l  f'7 
TS 286 TS 286 TS 252 TS 252 

Gate TS-OS Gate TS-Os S a t e  TS -05 o a t e  TS-GS 
Tlma Speed TS-Os TS T m e  Speed TS-GS T m e  Speed TS-GS TS Tlme Speed TS-Os 

__ 

0 00 190 96 33 0 00 2W 86 30 0 00 190 62 .25 0 00 190 62 25 
0 75 210 76 27 0 I5 230 56 19 1 0 0  200 52 2 1  1 1 3  220 32 .13 
1 5 0  3m U 05 2 25 260 26 O? 175 220 32 13 2 58 230 22 09 
L W 230 6 02 L 00 260 26 09 2 33 230 22 09 3.L2 Loo UB 59 
7 75 290 L 01 5 00 290 L 01 3 08 240 17  05 j 75 210 12  05 e 00 290 L C1 6 25 300 1b 05 b 28 250 2 01 5 13 260 8 03 

f l  00 3W 1L 05 5 GO 250 2 01 7 10 250  2 01 

7 50 260 8 03 
6 25 260 9 03 P W 250 2 .01 

10 00 
190 96 33 0 00 220 96 .30 0 00 190 62 25 0 00 190 62 .25 

0 50 210 76 27 0 50 210 L6 16  0 75 200 52 21 0 91 220 26 11 
L 33 250 36 12  1 33 2LO L6 -6 1 50 220 32 13 1 75 250 2 01 
3 50 250 36 12  2 00 210 16 05 2 25 230 2 2  09 3 Lz 2110 12  05 
b 08 280 6 02 3 50 280 6 22 j 25 2bo 12 05 j 91  290 38 15 
6 25 210 10 -05 5 16  290 6 32 1 50 25il 2 01 L 58 230 22 09 
7 50 290 b 01 5 5 C  330 111 35 5 50 260 8 03 5 55 250 2 01 
8 00 290 k 01 7 53 250 36 12 1 D 75 260 9 01 6 91  273 1R 07 



Tabla 1 (Continued) 

US10 DATA 

SvbJect 2/Circler 

oste  speed 
1ro Kno ts  
Less Than 
Target Speed 

Gate Speed 

Greater  Than 
100 Knota 

Target S p e d  

Channel Y 1  Channel X3 
TS 286 

Channel b5 
TS 2 8 6  

Channel XI 
TS 252 TS 252 

Oat0 TS -05 
Tlme Speed TS-OS 7 T m a  Speed TS4S Time Speed TS-GS F Tune Speed TS-OS 

Gate TS-GS c a t s   T S 4 S  oa te  TS -3s 

0 W 190 96 .33 0 00 210 16 27 0 00 190 62 25 

8.00 290 
8 00 250  2 0 1  R 00 270 16 .05 7 25 290 L 01 

8 00 230 22 -09 6 33 250 2 0 1  6  25 270 1 6  05 6 1 6  2LO h6 1 6  
6 L2 230 22 09 L.5L Z L O  12 .05 L 25  260 26 09 L.92 260  26  09 
3 50 220 32 1 3  2.58 220 32 13 2 25 2LO L6 1 6  3 15 220 66 .23 
1 k2 210 L2 .17 1 U 210 L2 .11 0 92 230 56 1 9  1 83 210  76 27 
0 00 190 62 -25 

0 00 190  96  33 

I 8  00 250 2 01 8 00 210 1 6  05 
8 00 2110 1 2  05 8 W 270 1 6  . O j !  5.83 250 2 0 1  5 50 270 1 6  05 

3.13 220 32 13 3 58 2 6 0  26  09  2  83  220  32 U 2 W 250 36 1 2  
5 95 240 1 2  05 5 58 270 1 6  0 5 ,  L JO 230 22 09 3 33 290 L 01 

1 66 200 52 21  1 25 230 56  19 I 131 210 L2 1 7  1 W 190 96 33 
0.03 190 62 25 0 00 200  86 .30 0.00 190 62 25 

I 

cw: “?a1 51 

0 00 390 loll 36 
0.50 340 5h 19 
1 25 270 1 6  .05 
2 16 270 1 6  . O j  
5 10 270 1 6  05 
8.W 210 16  05 

0.00 400 111 LO 
0.58 300 l h  .05 
L 17 280 6 02 
8 00 280 6 02 

0 00 h00 114 4 0  0.W ?YO loll 36 0.00 LOO lk8 59 
0 66 330 & 15 0 05 380 94 33 0 57 320 68 .27 
2 ilZ 330 44 15 1 15 360 7h 26 1.25 330 I 8  31 
3 58 320 34 1 2  2.32 3L0 5L . l9  1.15 210 L2 17 
5 58 320 34 -12 3.66 320 3L .12 3 97 220 32 .U 
7 66 3W lk 05 3 80 300 lk 05 6 08 2bO 1 2  .05 
8.00 3W Ilr .05 8 00 300 lk .05 8.00 2LO 12 .O< 

o w 390 lob 36 o m  390 la .36 0.00 LOO 118 .59 
0 15 320 34 U 0.87 370 8b .29 0.97 300 48 19 
2 00 3W Ilr 05 2 20 3LO 54 .19 2.50 260 8 03 
8 00 300 Ilr 6 3.47 320 34 .12 4 93 250 2 0 1  

6.U 300 lA .05 7 20 2<0  7 01 
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Table 1 (Contmued) 

BASIC DATA 

S u b p c t  1/Dots  

Gate Speed 

Less Than 
100 Knots 

T a r g e t  Speed 

G a t e  Speed 
100 Knots 
Greater Than 
Target Speed 

I 
Gate rs-Gs Oate TS-OS Gate  TS-GS Gate T S - G S  

T m e  Speed TS-GS Tine Speed E-Os TS Time Speed T S G  Tlme Speed Ts-Gs 7 

Charnel #1 I Channel $5 

TS 286 TS 286 

0 W h00 1111 LC 10 00 b20 13b b l  
2 50 350 64 22 1 00 370 E l l  29 
3.75 330 11L 1< ~ 2 50 170 Rl 79 

6 00 260 26 69 5 00 3io 2L 05 
5 66 270 1 6  Oj 6 00 290 L 01 
7 00 290 L 01 8.00 290 L 01 
9 W 290 b 01 

I 

0 00 390 lOL 4 6  0 W 410 
0 50 J20 34 1 2  C 50 310 
2 W 3W li 05 1 25 350 
2 h 2  250 36 12 2 W 310 
1 b2 270 16 05 J b2 310 
6 25 210 16  .OS 6.25 310 
f l  00 270 16 05 I 00 310 

I 08 300 
8 00 290 

b3 
29 
22 
00 
08 

08 
08 

05 
01 - 

0 00 LOO llli L C  
1-08 350 9L .33 
2 17 360 7 1  26 

3 66 330 Lb 15 
2.92 350 22 

5 93 310 24 OR 
7 11 300 Y, 05 
P 00 3w u C 5  

1 20 370 1,~ ir7 
2.33 27C 1 9  07 

5 16 250 2 01 
h.00 250 2 01 

6 08 250 2 01 
R.M 250 2 01 

_, 

0 00 1100 143 59 
0.75 370 119 L7 
150 300 18  19 
2 50 270 lfl 07 
3 75 250 2 01 
1 66 2 j O  2 01 
5 33 270 19 07 

8 00 270 18 07 

, 
NOTE3 TS - true target s p e d  

OS - gate s p e d  
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Table 1 (Continued) 

W I C  DATA 

Subject ?/Dots 

Gats Speed 
100 Knots 
Less Than 
Target Speed 

G a t e  Speed 
100 Knots 
Greater Than 
Target Speed 

1 Channel d l  I Channel 83 I Channel 115 I Channel #7 

TS 286 TS 252 TS 252 TS 286 

Gate TS4.5 Gate TS-GS Gate  TS 4 s  Gate TS 4 s  
Tule Speed TS-OS 

0 00 190 96 33 

Tzw Speed IS-OS Ts Time Speed TS4S T m s  Speed TS-CS 

2.03 2 b O  12 05 1 8 3  210 12 17 1 1 7  260  26  09 1 OR 2R0 6 02 
3 65 2Lo 12  05 3 b2 230 22 09 I 67 250  26 09 I L2 2Lo  L6 1 6  

1 0 7  220 32 1 3  1 0 5  200 52 2 1  0 50 220 66 23 0 33  210 76 .27 
0 00 lgo 62  25 0 00 190 62 .25 0 00 200 R6 30 

5 5R 260  26 C9 5 7$ 270 16  06 4 87 230 22 -09 6 7 2  250 2 01 
6 1 2  260 26  09 6 75 200 6 02 6 13 210 1 2  05 

R 00 250 2 01 8.00 280 6 02 8 00 260  26 09 
8 00 250 2 01 

G 00 200 86 30 0 00 200 52 2 1  0 00 190 62 25 0.02 200 86 30 

3.16 260 26 09 

R 00 250 2 01 8 00 290 II 0 1  8 00 260  26 09 
8 00 2Lo 1 2  05 6 15 250 2 01 6 33 290 I 01 6 15 260  26 09 

1 50 2 h O  1 2  05 2 02 230 22 09 1 92 220 66 23 1 83 210 76 27 
3 67 240 1 2  .05 83 250 2 01 3 33 260 26 09 

Channel dl 
TS 252 TS 286 l5 286 TS 286 

Channel #7 Channel X5 Channel #3 

T i n e  Speed 

1 1 6  360 

5 L2 290 
2 50 300 

8.00 290 

0 00 390 

2.33 270 
0 50  260 

8 00 270 

104 
26 
1 6  
16 

36 

4.33 260 8 03 6.53 300 14 -05 8 GO 300 111 05 

2 07 350 98 39 2 95 330 bb 15 2 66 290 h 01 06 
3.20 320 68 27 L 72 320 311 12 5 16 3W lA 05 -06 

0.97 360 108 .43 1 2 8  370 BL 29 G 66 3W lli 05 09 
0.00 bo0 118 -59 0.03 390  101 .36 0.00 L20 13h 41 

8 oa 300 IA .c5 8.00 760 n .nl 
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4 0  

30 

10 

0 

"\ 9 

I I 
0 I 2 3 4 5 6 

T I M E  l m l n )  

7 E 

FIGURE I AVERAGE  ERROR  BETWEEN TARGET  AND  GATE 



0 I 2 3 4 5 6 7 

T I M E  ( m n n l  

FIGURE 2 MEDIAN  ERROR  BETWEEN TARGET AND GATE 



Table 2 

DATA ON ARRIVAL T I H E  
AT l@ POINT 

Gates 100 k t s  
Grea ter  Than 

Speed* 
the   Targe t  

(LOO) 

Gates 100 kts 
Less Than t h g  
Target  Speed 

(2001 

f 
s1 

CIRCLES DTS 
R1 1 R2 R 1  

I II 1 I G a t e s   T h e   G a t e s  
1 

7 3a75 
5 2.33 

2.25 3 
1.50 1 

3 
5 
7 

3 4.25 3 
5 L.5h 5 
7 6.L2 7 

ti?;- Gates Time 

t 
1 

5.75 5 
1.08 3 S1 
1.08 

I 7 12.80 

S2 
1 1-25  
3 

5.80 5 
7.66 

Tune Gates I 
4.08 1 

12.00 ll 3 I 2+T Gates 

1.08 3 
2.60 5 
1.70 7 

5 058 1 
1.17 3 
3 -42 5 
2.03 7 

R2 R1 
II 

6.83 

II I f 

i 

3-50 
6.08 
2 a  83 
2.00 

__ 
3 -16 
3.33 
2.02 
1.50 __ 

R2 
7 

y!Z 2 *oo 

1 I 0.50 
3 

ha33 7 
6.53 5 
0.26 

?Parget Speed  Approxmately 300 Kts 
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