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FINAL SERIES OF TESTS
OF SRS-1 WITH MODIFICATIONS
FOR AIR TRAFFIC CONTROL

SUMMARY

This report describes the third and final 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, with the
SRS-1 equipment located at Airborne Instrument -Laboratories, Minecla,
New York The purpose of these tests was to further simulate and
evaluate various display features and operational techniques to aid in
recommendations for an air traffic control pictorial display and flight
tracking system

In a manual rate-aided flight tracking system 1t was determined that
computer derived velocity corrections, computer inserted flight plan turns,
trim tabs with vector for heading controls, a circle as a tracking symbol,
and a displacement type tracking stick were more desirable than the var-
10us alternatives tested, Hand-off procedures in the SRS-1 type system are
a definite advantage over present day verbal procedures. It was determined
also, for optimum utilization of personnel and the same manpower, that
controllers should do their own tracking If a perfect automatic tracking
systemn were available, tracking workload would be reduced approximately
90 per cent

Display features rated by the controllers as essential were bright
tube, trail characteristics, alpha-numeri¢c information (at least two lines)
with associated alternate information, vectors for flight path prediction,
selectivity controls for alpha-numeric, vectors and altitudes {single and
block) The alpha-numeric data should be displayed at least 20 cycles
per second, A manually operated course and speed insert device should
be provided per conscle and channel lights should be provided adjacent
to and associated with, flight progress strips.

The controllers preferred the slanting face display of the SR5-1
and, with their suggested additional features, believe such an improved
system could offer up to 15 or 20 percent improvement in traffic handling
capacity over the present radar air traffic control system using VG
displays.
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INTRODUCTION

The Technical Development Center conducted the first testsl of the
SRS-1 during May 1957 to investigate the utility of automatic and rate-aided
tracking, combined symbolic and radar situation display, and remote
tracking for application in anair traffic control system It was concluded
from these tests that 1f the equipment was modified to take advantage of
flaight plan information, an improved operation and a more realistic air
traffic control evaluation would be possible Consequently the SRS-1 was
modified to provide for (l) insertion of flight plan course and speed in the
tracking channels, (2) course and speed readout from the tracking channels,
{3) ini1t1al positioning of tracking channels at preselected fixes, (4) push
button selection of tracking channels and (5} individual lamp indicators to
show tracking channel availability

With the modifications recommended 1n the first evaluation a second
series of tests” were conducted during a two week period, September 23
through October 3, 1957, to evaluate these and certain additional modifi-
cations of the SRS-1 equipment As a result of these tests it was estimated
that a proficient tracker should be able to track up to ten arrcraft
siumultaneously 1n a defined and localized area with reliability Also, with
remote tracking 1t was estimated that an experienced radar controller could
contreol irom 12 to 15 aircraft sirmnultaneously 1n an enroute cr extended
terminal area However, 1t 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 recornmended were (1) a bright
display with aircraft trails should be provided, {2) alpha~-nume=>1~ flight
plan data should be associated with the tracking tags, {3} radar hand-off
techniques should be provided and (4) improved tracking stability should be
provided

This report describes the results of a third series of tests
conducted with the SRS-1 at Airborne Instruments Laboratory, Mineola,
New York, from June 1958 through January 1959 The objectives of
these tests were to evaluate the aforementioned modifications to
determine their utility in a pictorial display and flight track'ng system3

1C:harles Dowling, Jr and Fred H Ottersberg, "A Preliminary Evaluation
of Surveillance Radar Station (SRS5-1) for Arr Traffic Control, "
Technical Development Report No 323, September 1957
2A L Ridenour, C E Dowhing, F H, Ottersberg, F S McKnight, and
R L Sorensen, "Tests of the SR5-1 Equipment Modified for Air Traff;-
3 Control Use', Technical Development Report No 407. April 1959
Fred McKnmight, "Operational Requirements for ATC Displays, "Techn:-
cal Development Report No 308, April 1957
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This test series was divided into two phases.

Phase I test program 1included.

Tracking Experiment
Controller Configuration
Hand-offs

Automatic Tracking

[N VLR oS I ]

a

Phase II test prograrn included-

1 SRS-1 Track Stick Experiment

2 Flight Plan Turns and Trim Tab Plus Vectors
3 Simulated VG Type Display Versus SRS-1

4 Circle Versus Dot as Tracking Symbol

The Franklin Institute Lahoratories (FIL) of Philadelphia, repre-
sented by Dr Edward P. Buckley with Mr Jack Brinton and Mr Frank
McLaughlin, assisted in setting up experimental tests and by making
statistical analysis qf the measurements taken during the test runs
References are made to FIL working papers 1n this report Copies of
these are available directly from FIL

EQUIPMENT

The SRS-1 1s a 1adar target tracking system with special display
features The original equipment was built by Aiiborne Instruments
Laboratories (AIL) under contract tothe U S Army Signal Corps as a
part of the Missile Master System.

There are four situation displays provided with the SRS-1 equip-
ment, three of these consoles were designed to function as tracking
consoles and the other as a supervisory console The supervisor's
console can be operated in parallel with any of the tracker consoles
Originally each console had a 16-inch P-7 CRT PPI indicator for
presenting radar returns In Phase I of this test program a P-12 CRT
was 1nstalled with TI-440 scan conversion equipment giving a bright tube
display and trail characteristics to radar targets . In Phase II of this
test program a P-4 (PAF) CRT was 1nstalled with scan conversion to
provide additional brightnees and less flicker,

4W1ll1am E Miller and William G. Covell, "Evaluation of TI-440 Picture
Transformer Equipment and Notes on Television Type Air Traffic
Control Displays, "Technical Development Report No. 388, March,
1959
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The tracking system of the SR5-1 includes 24 channels which may
be assigned to 24 individual radar targets These track-while-scan
devices accept radar video information and will track along with radar
targets after the proper direction and velocity have been determined
Analogue computing devices provide the intelligence required From
these tracking channele an electrical output can be obtained representing
the present position of each radar target being tracked This electrical
output from the tracking channel can be used to position special symbols,
or letters and numbers, alongside a radar target and cause these to
move along automatically with the movement of the target

There are two basic modes of operation of tk _ tracking channels
In the ""automatic' mode, all of the radar video included within a small
block of space defined in azimuth and range 18 sampled The tracking
channel compares this with the position of the target on the previous
antenna scan, computes the distance and direction the target has
moved, and extrapolates ahead until radar returns are again received
on the next scan of the antenna. In theory, a radar tracker using this
automatic feature, need only initially position the tracking channel on the
desired aircraft target return and the tracking channel will pick up auto-
matically and follow the movement of the aircraft

A second mode of operation 18 called ""manual-rate-aided" or
""coast mode'' In this mode the tracking operator must position the
tracking channel on the desired radar target, wait three or four antenna
scansg, and reposition the tracking channel to the new position 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 extrapolating in a straight line ahead. In this
mode of operation the tracking operator must be alert to any changes of
direction or speed of the target, and manually ingsert new positions into
the tracking channel so that i1t will recompute the heading or speed change
required,

When an operator selects a radar target he wishes to track, he can
move a symbol showing the position of the tracking channel and place 1t
over the target Three symbols are used., A full circle about 3/16" dra-
meter indicates the tracking channel 18 1n the automatic tracking mode,

a partial circle, or C, indicates the tracking channel 18 1n the rate-
aided or ''coast" mode, and a bright dot indicates the target 18 being
tracked at ancther console. A leader (curved line) from the center of
the scope to the symbol indicates which tracking channel 18 connected
to the controls on the display. Joy-stick control permits the controlier
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to reposition the tracking channel to any desired target on the display.
A cycling switch permits the tracker to cycle through all tracking
channels he 18 using. In operation the tracker continually cycles from
one target to another, checking the alignment of the symbols with the
radar targets. As necessary, he repositions the tracking channel to
center the symbol on the target A ''new' channel button i1s provided to
allow the operator to ageign a new tracking channel to a new target, and
a "dump" switch is provided so the tracker can release a tracking channel
when he has finished tracking a particular target This returns the
tracking channel to a standby status so that it can be used for tracking

a new target by any of the operators.

Each coneole was modified to provide a control panel with four
dials to insert heading and one dial to insert speed into the tracking
channels. In thig manner the tracking channels could be started on the
basis of flight plan data. In addition the supervisor's console (Fig. 1)
was further modified to provide four pre-set positions, Any four
positions could be pre-set and quickly inserted in the position storage
of any channel by pushing the associated pre-set button. The co-ordinates
of the pre-set positions were generally radar hand-off or initial report-
ing points A read-out device of a selected channel’s course and speed
was provided also at the supervisory console,

The supervigor's console was provided with a special flight progress
board that has a lamp and switch agsociated with each strip holder posi-
tion. Each lamp and swatch 18 connected to one of the 24 tracking channels
and the lamp 18 lighted whenever that tracking channel has been selected
by the operator. The push button switches alongside the lamps allow an
operator to select a particular tracking channel at any time without
having to cycle through a number of channels until the desired channel
18 reached. This feature permits the supervisor to look at his flight
Progress strips and determine which radar target 18 being tracked by
depressing the push button awitch and obeerving which symbol 18
connected to the 'leader" Conversely, he can identify any particular
radar target being tracked on the radar display by cycling until the leader
18 connected to the tracking symbol on the target, and then observing the
Btrip associated with the lighted lamp.

MODIFICATIONS

Ag a result of the two previous evaluations it was concluded that
further SRS-1 modifications would be required to obtain a valid simulation
and evaluation of an advanced ATC display system. These modifications

r
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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 II modifications
were negotiated during the summer of 1958 and evaluated during the laat
half of 1958 and the first part of 1959.

Phase I Modifications - Display Features

The recognized needs 1n this area were, first, the necessity for
adapting the system to the scan converted radar presentation, and second,
the need for alpha-nurneric data to be digplayed along with the track symbol,

The TV scan-converted displays were accomplished originally by
time sharing the normal TV rate of 60 fields per second on a one to five
basis. This provided radar and alpha-numeric information at the rate
of 12 fielde per second This duty cycle and repetition rate necesaitated
the use of a long persistence phosphor (P-12) on the display The
choice of this phosphor and the 20 per cent duty cycle reaulted in less
than optimum brightness and necessitated ocperating 1n a semi-darkened
room In the remaining display time a synchronized indust rial closed
circult television system provided six flight identification characters
and s1x altrtude i1ndicating characters with each of the 24 tracks How-
ever, due to the quality of the industrial television systern chosen and the
tolerance of the gating circuits, it was not possible during this phase of
the evaluation to achieve more than six {(6) characters total in a read-
able format

Phase I Modifications - Tracking System

The miss:ion of the original SRS-1 system was to track uncooper-
ative aircraft. The ATC muassion of the other hand deals entirely with
cooperative aircraft and therefore ATC tracking equipment can be
provided with a quantity of known data It was evident that input devices
other than the positioning track stick of the original SRS-1 equipment
would be needed to take advantage of information 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 1nput devices to insert
flight plan epeed and course, and selection of a given track by means of
buttons associated with flight strip postings rather than serial sequencing

Inherent in the military concept i8 the need for frequent updating
of established tracks, either manually or automatically, to prevent the
escape of a maneuvering aircraft from the tracking gate Therefore,the



TDC R-414 7

SRS-1 original tracking equipment was not designed for sufficient stability
to allow the tracking gate to follow non-maneuvering aircraft for over a
few minutes 1n the manual mode and 1n the automatic mode, would
frequently lose the aircraft due to noise or interference 1if not constantly
attended.

To allow adequate evaluation of an 1deal ATC tracking system, the
contract of December 31, 1957 provided for modifying the SRS-1 tracking
channels to umprove stability {20 to 1 improvement} 1in the manual
tracking mode Since this modification had the effect of making the
automatic tracking mode inoperative, the contract further provided for
additional modification to si1x of the 24 channels to allow improved auto-
matic tracking, The target simulators used in the operational evalua-
tion were also reworked and their stability and relhability improved to
increase the evaluation accuracy,

A further refinement was to add ten (10} course and speed input
devices which were permanently assigned to specific tracking channels
and located adjacent to the flight strip postings assigned to their respec-
tive tracking channel. This allowed the operator to insert information
directly without necessity of channel selection. This was installed on the
No 1 console {(See Figure 2),

The action of the positioning track stick was altered to allow the
operator to deterrmnine (by actuating an additional switch) 1f a new velocity
was to be calculated from an incremental reposition of the track, In the
original concept of the manual mode a new velocity was computed for each
repositioning and this resulted occasionally in unnecessary changes in
track velocity, With this modification the operator could bypass the
velocity circuits and insert only a position correction if he desired.

During the evaluation of these concepts, i1t was noted that in the
manual tracking mode there was a definite tendency for the calculated
velocity to oscillare above and below the true velocity, This resulted
because each new velocity calculation was inserted directly into the
velocity memory with no weight given to the previously stored infor-
mation. An error in the lagt calculation, caused possibly by the
operator making an inaccurate positioning, was not modified by the
previoue experience of the flight A Phase I modification was added,
therefore, to allow the track channel to accept an adjustable percentage
of the most recently calculated velocities This dampened the fluctua-
tions 1n computed velocities and prevented large sudden changes in
channel velocity
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Phase II Modifications - Display Features-

As modifications and evaluations of Phase I progressed 1t became
evident that a different technical approach to achieving a suitable alpha-
numeric display was necessary Two of the more significant Phase [I
modifications required a change in system synchronization and resulted
in (1) 40 fields 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 with the change of the radar information rate to 40
fields per second was the use of a special P-4 type phosphor {PAF})
This phosphor 1s similar to P-4 but has a longer persistence This
resulted 1n adequate display brightness and eliminated flicker altogether
The new format consisted of three lines of si1x characters each Inde-
pendent control of each line was provided the operator He could select
either of two sources of information (primary or alternate) or delete all
data in that line as he desired In addition, the operator could elect to
have formats on all tracks, only assigned tracks or, only the selected
track (Figures 3 through 10) The format of this data was completely
adjustable by setup procedures 1n the equipment The equipment for
generating the formats 15 shown 1n Figure 13

An additional display feature of Phase II was the addition of a vector
showing the direction and relative speed of all tracks 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 provided also with control of the vector length Time 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
altitude strata to be displayed Selection was based on altitude data stored
in the track associated with each aircraft One thousand foot increments
from 4 000 feet to 21,000 feet were selectable 1n any combination for the
SRS-1 test program In the simulation of altitude selection, the altitude
data was manually inserted 1n the equipment room {(Figure 12) and selection
was by means of switches on the console (see Figurel},

Phase I" Modifications - Tracking Systems:

Phase II modifications to the tracking system provided improved
automatic tracking on six channels The modifications provided more gain
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in the amplifier to allow 1t to better control the tracking channel which
had been previously modified to give 1t improved stability under Phase 1

Another Phase II tracking modification was the incorporation of a
"force' type tracking stick in lieu of the original displacement type stick
at one of the operating consoles. The force stick moves only a fraction
of an 1inch., The track channel 18 moved 1n the direction that the operator
applies force The rate of movement depends on the amount of force
applied Coarse and vernier control in the case of the 'force" stick was
automatic 1n that light forces (below three (3) pounds) resulted in less
gain {1/5th) than forces greater than three pounds. In the "displacement"
stick the choice of coarse of vernier control was obtained by depressing
a thumb controlled button on top of the stick to different levels This
"force' stick {Figure 1) was installed on the supervisor's console

Another Phase II modification was a trim tab type device mounted
on the top of the force stick, Through this trim tab the operator could
cause the selected channel to increase speed, decrease speed, turn right,
and turn left The rate of change of these functions was a fixed maintenance
adjustment The trim tab consisted on on-off switches which were con-
ventently operated by the thumb when the hand gripped the force stick

Another Phase II modification provided a simulated operation
of an ATC computer to provide airway changes automatically to the track
channel The intent of this was to aid the operator by making gross
tracking corrections and allowing the operator to concentrate on vernier
tracking corrections It was also possible with this modification to initiate
a track at a given point as 1f irom information stored in an ATC computer

PERSONNEL TRAINING AND EXPERIENCE

An operator training period and equipment checkout was conducted
sumultaneously from June 1958 to August 1958 Four radar rated Air
Route Traffic Control Center (ARTCC) controllers were selected as the
operators and permanently assigned throughout the SRS-1 test program
Two of the operators were from the New York ARTCC and one each from
Chicago ARTCC and the Indianapolis ARTCC The selection of the
operators corresponds to the typical ATC areas chosen for the SRS-1
test program as : New York for an outbound area, Chicago for an inbound
area, and Indianapolis for mixed departures, arrivals and overilights,
These operators had an average of 3-1/2 years as rated radar controllers,
5-1/2 years as ARTCC controllers and 3-1/2 years in CAA air traffic
control Their ages were 31, 34, 38, and 40
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Additional personnel were required during the test program to
simulate computer functions, operate the 30 target 15J1C simulator
(Figure 11} and as observers collecting test data, These persons, 28
ARTCC controllers of which 14 were radar rated controllers from the
Indianapolis ARTCC, were assigned eight at a time for a two to four
week period during the test program These controllers averaged 7-1/2
years 1n CAA air traffic control work

As a result of the June - August period, it was the general opimion
of all personnel that they were thoroughly familiar with the SRS-1 system
prior to the start of the tests Therefore, the learning factor was
virtually eliminated.

OPERATIONAL EVALUATION PROGRAM

The operational evaluation program here:n described 1s divided
into two phases Phase [ evaluation was conducted following Phase I
equipment modifications The operational evaluation program and the
equipment modifications of Phase I were derived from conclusions and
recommendations of previous SRS-1 work

As Phase ] of the evaluation program progressed 1t becarme evident
certain equipment modifications were necessary to more fully evaluate a
track-whtle-scan and display system for ATC use. From the evaluation
program of Phase I, the evaluation program and equipment modifications
for Phase II evolved. Each phase of the program 1s described in the
following:

A Phase I

1, Tracking Experiment (manual Rate-Aided or Coa.st)5

a Purpose,

The general purpose of the tracking phase was to examine
the accuracy and relhiability with which typical air traffic
control personnel could track a sample of simulated air-
craft using different modes of operation of the SRS-1
equipment.

- e e o m W Em m M o M o m ™ = o B e M & m M om m om oA m m o & M e m o s = m om om S e

'"Tracking Experiment,!" FIL Working Paper No. 2 (Project A-2052)
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NYU Report "A Comprehensive Report of the Evaluation of AN/SRS-1",

11

The three modes of tracking tested were:
Mode No. 1 - Manual rate-alded tracking with the computer

calculating velocity corrections based on repositioning of

the tracking symbol with the track stick.

Mode No 2 - Manual rate-aided tracking as described 1n
Mode No. 1 but the operator had the option to use the new
permanent course and speed controls on Console No., 1

to insert velocity into the tracking channels.

Mode No. 3 - Manual rate-aided tracking with reposition-

inge accomplished by use of the track stick but velocity
corrections were 1nserted from the permanent course
and speed controls on Console No. 1 only,

Procedure

Three typical air traffic control areas were selected, each
area to represent major problems in today's air traffic
control system New York, N Y for an outbound area,
Chicago, Illinois for an inbound area, and Indianapolis,
Indiana 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,
representing typical aircraft, as derived from actual
traffic tabulations.

A test series was designed in random order, consisting
of 27 test runs, of 25 minutes duration Each controller
was tested once 1n each mode of every arga. (3x3x3= 27)
Based on a study by New York University  of the SRS-1
equipment and previous TDC reports? a conclusion was
made that a tracker's capability ranged between eight and
twelve targets. Therefore, each test run was constructed
to have ten targets on the scope at all times.

- m E M m m m m M W oEm m m S o Em M Em W e m e E ok B e B o o o M

Quarterly Report No 17, NYU College of Engineering, Contract
DA 36-029-SE-52648. May 31, 1958, AD #304846,
"Technical Development Reports No. 323 and 407, op cut
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This test series was performed 1n realistic conditions as
both live and simulated radar was mixed

Statistical Measurements, Definitions and Data Analysis
Appendix A

Statistical Results

While some statistically significant differences and strong
tendencies to differences were shown in the major measures
both with respect te comparisons and interactions, none

of these were of such a magnitude as to lead to an over-
whelming choice of one mode (of those tested) over others

It 18 possible that this conclusion might change 1f a more
stringent tracking problem were used to stress the systems
under test

Controller Preference and Conclusions

Although the three modes of tracking varied 1n degrees of
working difficulty, the tracker's capacity was not reached
1n any of the modes with only ten targets. As a result of
the Phase I dampening modification 1t 18 now estimated a
tracker could efficiently track 14 to 16 targets. The
dampening used 1n this determination allows two-~thirds of
the calculated correction to be added to the previously
stored channel velocity when nine or less antenna rota -
tions have elapsed since the last repositioning Between
10 and 30 rotations, two-thirds of the correction at twenty,
and with a full correction at thirty antenna rotations Through-
out the test program this dampening factor was applied

In operation, the operators preferred the use of Mode 1
Mode 1 had the least manual actions or workload and was
among the best 1n accuracy The test results indicate the
permanent course and speed inserts {availlable in Mode 2
and 3) were seldom used 1f another method of velocity
insertion was allowed They appeared too time consurning
and required tracker memory as to what correction need
be added However, the tracker felt that one course and
speed 1nsert per console would be useful 1n starting new
tracks
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2 Controller C onilgllr ation.

13

In summary, there were statistically strong tendencies as
well as complete tracker agreement that Mode 1 (computer
derived velocity) was the moat desirable In addition the
operators would like the ability to repoeition the tracking
symbol without inserting velocity Combining this feature
with Mode 1 offers the basic desired tracking method.

8

a

- e e Wl = o o

Purpose.

The controller configuration tests were performed to
determine two major factors

(1) The value of alpha-numeric information written along-
side targets on an ATC radar display

(2) The optimum use of manpower 1n an ATC system using
radar tracking

Procedure

To determine the value of alpha-numeric information, two
ATC display configuratione were compared. Both config-
uratione included a radar display with associated tabular
flight posting strips showing complete flight plan infor-
mation. In one configuration the aircraft identity, assigned
cruising altitude, and current altitudes were asscciated wiih
the tracking channel and written electronically alongside
the radar targets, This alpha-numeric format moved along
with the tracking channel symbol. The tracking channel
symbol (a partial circle} was placed directly on the radar
target with the format appearing to the right and slightly
below the radar target The leader from the center of

the display 1ndicated with tracking channel had been
selected by the controller or tractker. With this display
configuration the controller had the association of radar
position and altitude and aircraft identity. This data was
supplemented by other flight plan information on the fix
postings

B'".’:t:zntrc.ﬂler Configuration!, FIL Working Paper No. 1 (Project A-2221)
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For the second dieplay configuration to be tested, the

radar display had only the tracking symbols from the
tracking channels and the leader in addition to the radar
video presented Any target selected by the controller

or tracker {(indicated by the leader) could be 1dentified with
a particular fix posting by lamp indicators alongside the

bay of fix postings No alpha-numeric information appeared
on the display. It should be carefully noted that, even under
thig no-alphanumeric condition, the controller was better
informed of aircraft 1dentity than he would be 1n a truly

raw radar situation, since the flight strip associated with

a particular target-symbol could be located easily by

means of the light next to the appropriate flight strip

It should be realized, therefore, that a major advantage

of the tracking system existed,even in the mode without
alpha-numeric data display,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-
ing functions using the above display configurations Two
modes of aperation 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
controlleras performed both controlling and tracking func-
tions at individual displays, with the test area being
divided into two sectors and with approximately one-half

of the traffic in each sector Thus 1n the Mode 1 the
controller had approximately 15 aircraft to control but

had no tracking duties, while 1n the second mode each man
had seven or eight aircraft to control and track

It should be carefully noted that the question experimentally
evaluated was "Given the same number of personnel for the
system, how should the tracking and control functions be
assigned?" A question which was not experimentally tested
was '"How much 18 controller effectiveness improved by the
addition of tracking personnel?' However, an answer {o thie
quesation can be estimated from the data taken during Mode

1l tests.
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All tracking was in the manual rate~aided mode, with
machine computation of velocity changes at the option of
the operator whenever he repositioned a tracking symbol
Imtial assignment of tracking channels was accomplished
by a simulated tower control position with hand-off of the
targets to the simulated Center control positions Thus
all tracking channels were started with flight plan velocity
(direction and speed} In the remote tracking situation,
the two scopes were operated in parallel

The following test conditions were used.

{1) The test area was two adjacent outbound sectors used
in the New York Center today.for westbound flights
from LaGuardia and from Idlewild and Newark.
Experience had indicated a heavy radar control work-
load would be required i1n these sectors

{(2) Two teams consisting of two experienced radar con-
trollers were set up. These perscnnel worked together
throughout the test series with one man always assigned
as controller and the other man as tracker for the tests
of separate controller-remote-tracker functions

(3) The traffic samples were at the rate of 42 aircraft
departures per hour with si1x overflights crossing the
departure tracks. These samples provided an average
of 15 targets on the scope at all times with each of the
two sectors averaging seven to eight targets at a time.
A total of 12 hand-offs were required between sectors
in the controller-controller configuration, while none
were required in the controller-remote-tracker
configuration

{(4) Sixteen test runs of 45 minutes duration each were
run. Two controllers ran the same problem twice
under each of the four experimental system configu-~
rations resulting from the combination of the two
system variations described above

{5) The test series were performed i1n realistic condi-
tions with live and simulated radar mixed
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Statistical Measurements, Definitions and Data Analysis.
See Appendix B.

Statistical Resgults,

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 were more conflictions when the same problem was
handled by the two-man teams arranged 1n the controller-
remote-tracker configuration than when they were in the
controller-controller configuration (each doing his own
tracking)

The presence of alpha-numeric information on the scope
face versus an indicator light next to the appropriate
flight strip did not show a measurable difference 1n
performance in these tests

Controller Preferences and Conclusions

From the statistical results and the operator preferences,
1t 18 concluded that an area to be controalled by two opera-
tors could be contrelled more efficiently and with less
conflictions if the area were divided and each operator did
his own controlling and tracking rather than one operator
controlling and the other acting as a remote tracker

The statistical analysis of the measurements indicated no
advantage with alpha-numeric information on the radar
display, at the traffic loads tested However, 1t was the
unanimous opinion of the controllers that alpha-numeric
information alongside the radar targets was far preferable
to the configuration with only tracking symbol and lamp
indicators alongside the fix postings Also, the ability
to associlate lamp indicators adjacent to flight progrees
strips in the no alpha-numeric situation appeared to be a
major advantage over a raw radar display without this
feature From the controller's subjective opinions 1t
appears that alpha-numeric information increases the
capacity of the controller up to 50 per cent over a raw
radar display
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Another point noted by the controllers was that in the
controller-remote-tracking configuration, with the sacopes
in parallel, considerable co-ordination between controller
and tracker was required In future equipment design 1t
would seem mandatory that both tracker and controller have
individual input devices to their scope

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

1 Controller doing hi1s own tracking - without alpha-numeric
Estimates ranged from 5 to 10 targets Consensus 7 targets

2 Controller doing his own tracking - with alpha-numeric
Estimates ranged from 10 to 20 targets Consensus 12 targets.

3 Controller with remote tracker - without alpha-numeric
Estimates ranged from 7 to 12 targets

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

It 18 estimated 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 statistical results and the controllers'
opinions agree that for the optimum utilization of personnel and given the
same 1nvestment of manpower, controllers should do their own tracking.

HAND-OFF

In the present ATC system when control respons:ibility for an air-
craft, which 18 operating with radar separation from other traffic, 1s
tranaferred from one controller to another the procedure for assuring
that the aircraft 18 properly i1dentified can be very time consuming The
controller relingquishing control must verbally describe the aircraft's
position The controller accepting control must be positive he has the
correct aircraft In high traffic densities, particularly in mixed VFR/IFR
conditiong, the presence of other aircraft may prevent positive identifica-~
tion at the time transfer 18 desired Since a tracking channel can be used
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to pin point a particular target, to the exclusion of all others, 1its

transfer from one display to another would quickly transfer a positive
1dentity from one controller to another in the same diaplay system If

the co-ordinates of a particular tracking channel in one tracking system
were remoted and translated to the co-ordinates of anther tracking system,
a means would be provided for the controller at one facility to indicate a
particular geographical point to a controller at another facility and thus
accomplish a visual inter-facility hand-off

To test the operational concept of the above, two tests were
arranged for the SRS-1 systern The first used a commeon pool of track
channels for intrafacility hand-oif and the second simulated the use of
co-ordinate transglation equipment for inter-facility hand-off. Each of
these tests are described in the following

A Intra-facility {Common Pool of Track Channels)

Tracking channels, 1n the common pool system, can be transferred
with all associated information and velocity from one display to any
other display in the system by operating the proper transfer button
In this method only the control of the channel 18 transferred and
therefore, there can be no error in the data itself When control

18 acknowledged by the receiving operator the transfer i1s completed

In the SRS-1, 1if adjacent sector displays overlapped five to ten miles,
and hand-off points were established between adjacent gectors, a
channel dot would be seen approaching the hand~off point indicating
the aircraft 1s being tracked in the adjacent sector For these tests
a light signaling system, similar to a three-way light switch, would
start flashing on both sectors three to five seconds prior to

actual hand-off This aleris the controller that a hand-oif 18 coming
from a particular sector at the eatablished hand-off point. As the
controller pushes the transfer button the dot would change into a
tracking channel symbol and control of this channel with all its
associated data 18 transferred The hand-off light would still be
flashing on both consoles. The receiving controller operates a
switch turning both lights off, indicating receipt and acknowledge-
ment of control No verbal exchange has taken place and none 18
required for normal operation.

B Inter-Facility (Co-ordinate Translation)

An 1nter-facility hand-off requires a positive translation of a parti-
cular geographical point from one system to another Data regarding
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the flight must also be transmaitted and acknowledged For this
evaluation the co-ordinate translation system was simulated The
transferring sector advises the recelving sector via interphone of
an approaching hand-off The operator at the transferring sector

. places a track circle symbol about the target to be handed off and
the translated co-ordinate appears as an 1ntensified dot on the
recelving sector. Then the operator at the receiving sector takes
one of this track channels and places its circle symbol about the
target which has been marked by the transfer dot This action
causes a dot to appear on the transferring sector display Both
operators see their circle and the dot from the other operator on
the radar target transferred This allows quick and positive
identification and checks possible error i1n the translation system.
With such 1dentification completed, the alpha-numeric data and
channel velocity can be entered manually into the receiving track-
ing channel by means of an input keypack from verbal data passed
over the interphone

Throughout the SRS~1 tests, wherever procedures required radar
hand-off to either start a new target into the system or to evaluate
a control procedure, either the 1ntra-facility or inter-facility
hand-off technique was used Statistical data was not collected to
compare with the existing verbal system because of the obvious
improvement 1n the SRS-1 system over existing verbal techniques
It would appear that one of the more obvious advantages of future
display systems will be their inherent positive and time saving
methods of making radar hand-offs

AUTOMATIC TRACKING

Theoretically, the automatic track-while-scan mode of operation
would be ideal insofar as mimimum operator workload 18 concerned How-
ever, in previous tests of the SRS-1 equipment, 1t was found that most of
the time the manual rate-aided mode of tracking was necessary for reliable
tracking of targets With present day two-dimensional radars the presence
of other aircraft targets, ground clutter and MTI residue, system noise and
radar interference prevent errorless tracking If a second aircraft at
some other altitude passes near to the target being tracked enters an area
of ground clutter, the tracking channel may stop on the ground
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clutter Similar problems are encountered in the presence of other
radar interference or noise Because of these problems, all automatic
radar tracking systems include provisions for hurhans to monitor the
sysBtem, and to intervene as necessary to assist the tracking gates to
follow the proper targets

The above deficiencies notwithetanding, evaluations were conducted
to determine the improvements attainable 1f the theoretically-perfect,
automatic, track-while-scan system were available

To simulate a theoretically-perfect tracking environment, radar
video was not used, thus eliminating all clutter and random targets All
targets tracked were simulated. The problem was set up so that none of
the simulated aircraft would come in close proximity to each other The
antenna rotation rate was increased to 10 rpm  Under these 1dealized
conditions an attempt was made to measure tracking workload The only
duties necessary were 1nitial target acquisition No targets were lost
1n the five test runs conducted and tracking accuracy was excellent,

It 1s estimated that only a small percentage {(less than ten per cent} of
the tracker workload required for a good manual rate-aided tracking
system was necessary to obtain errorless autornatic iracking under
perfect conditions

B Phase 11

1 SRS-1 Track Stick Experiment 9
a Purpose,

The purpose of this test series was to compare the follow-
ing types of track sticks

(1) Displacement Stick

Movement of the tracking symbol 18 directly pro-
portional to the movement of the tracking stick

(2) Force Stick

Rate of movement of the tracking symbol 18 propor-
tional to the force applied to the tracking stick

- e = m Em oam = = o o = o om e = W o m m o o o o Em o e m m = m s R s o owm W o

IFIL Working Paper No 2 (Project A-2221).
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Procedure

The force stick requires that a force must be exerted on
the stick to cause movement of the symbol The force

stick has very little physical movement in any direction
The track signal button (activates symbtol movement) 1s
located on the front of the stick, somewhat like a trigger
grip In operation, the track signal button 1s depressed
and a force exerted 1n any direction will move the symbol
in the corresponding direction on the scope at a rate
determined by the force applied It is designed so that the
rate of symbhol movement 1s proportional to the force
applied It is designed so that the rate of symbol move-
ment 18 proportional to the force applied It 1s further
refined 1n that there 15 a faster rate of symbol movement
when the force applied reaches a pre-set point The
parameters set up for this evaluation were (1) forces up

to three pounds will produce a symbol rate of 13 inch/sec /
pound of force, and {2) forces of three pounds to five pounds
produce a symbol rate of 64 inches/sec /pound of force

The track stick used in the previous experiments 1s
described as the position stick or the displacement stick
This relates to the fact that a change 1n position or dis-
placement of the stick causes a corresponding displace-
ment of the symbol The stick will move 1n any direction
and the symbol 15 responsive to this motion The track
signal button on this model 15 located on the top of the
track stick and must be depressed for symbol movement

In operation, the track signal button i1s depressed and a
displacement of the stick 1n any direction will displace the
symbol 1n the same direction on the scope The stick 1s
designed so that the distance the symbol moves on the
scope 15 directly proportional to the distance the stick 1s
moved Incorporated in the device are fine and coarse
verniers When the track signal button 15 depressed to the
first level (fine vernier}, a full motion of the stick will move
the symbol one inch In the coarse position (button all the
way down) the symbol will move 14 inches for a full stick
displacement ‘The rate at which the symbol moves 1s a
function of how fast the operator moves the stick

Two consoles were used 1n the experiment The two consoles
were comparable with the exception that the force stick was
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mnstalled on one console and the displacement stick on
the other DBefore the experiments started, both aticks
were adjusted to function as described in the preceeding
paragraphs

In the first experiment 12 runs of 30 minutes duration were
made Each of the three trackers did two runs each with
both sticks Each run had 18 targets on the scope through-
out a 12 minute scoring period, There was no live radar
background and no alpha-numeric information dieplayed
The Indianapolis ARTCC airway structure was used The
tracking was done in the manual rate-aided mode. All
targets were handed-off from a simulated tower or adja-
cent center with flight plan velocity inserted in the channels
The three trackers used in this experiment were trained
in the proper use of each stick and had several hours of
experience with each type

In addition to the first experiment described above, two
other smaller tesis were run In the second experiment,
the purpose was to make a further check on the effect

of equipment familiarity Three controllers who had no
previous tracking experience with e.ther stick were given
three runs with each stick in random order. An easier
problem then that used with the experienced trackers was
used with these new trackers

In the third experiment, a brief attempt to check on the
data of the first experiment was made The three exper-
1enced trackers each made one run on each of the two
sticks i1n random order The same problem and scoring
procedures were used as 1n the first experiment

Statistical Measurements, Definitions and Data Analysis
See Appendix C

Statistical Results

In Experiment No 1 there was no significant difference

at the 05 level (capable of repeating with the same results
95 times out of 100 such experiments) 1n workload or
accuracy measurements. However, there was a sgtrong
tendency, reliable at the 10 level {capable of repeating
with the same results 90 times out of 100 such experi-
ments) for the force atick to have a greater number of
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misses In this experiment the trackers averaged 35
more misses per run with the force stick than with the
poseition sticlk,

In Experiment No. 2 there were no significant differ-
ences. However, the trackers averaged eight more
rmisses per run with the force stick than with the position
stick

Experiment No 3 was identical to Experiment No. 1 with
the exception of having only si1x runs. In this experiment
the trackers averaged 40 more misses per run with the
force atick than with the position stick, indicating no
learning factor was involved from the first experiment
No significant differences were found 1n Experiments

2 and 3 rnainly 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 Conclusions

The operators indicated a strong preference for the dis-
placement stick rather than the force atick Some felt

the physical co-ordination of individuals might be a factor
in their ability to achieve rapid accuracy through the
application of force, The strong statistical tendencies,
and the operational preference, for the displacement stick
lead to the conclusion that it 18 the better of the two tested,

2 Flight Plan Turns and Trim Tab Plus Vectors!®
a Purpose
The purpose of this experiment was to determane the
contribution of flight plan turns and trim tabs to track-
ing radar targets in the air traffic control system

b Procedure

Trim tabs are devices which in thie case are attached to
the track stick and provide an alternate method of inserting

10nF1ght Plan Turns and Trim Tab Plus Vectors," FIL Working Paper
No. 3 (Project A-2221)
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heading and speed changes i1nto the tracking channel.
Closely associated with the trim tabe are vectors which
are electronically writien on the scope The vectors
extend from the tracking symbol in a direction indicat-
ing the heading of the channel and are proportional 1n
length to the apeed of the tracking channel For this
test series a vector was displayed representing a one
or two minute flight path prediction {less than an inch
n length)

By flight plan turna 18 meant a computer input of flight
plan information such as might be envisioned in an ad-
vanced computer display system In such a system the
tracking channels would turn automatically at airway
Junctions so a8 to follow the aircraft's intended path
To make an estimate of the effect of such procedures on
reducing the tracking effort involved, a method of
s1imulating computer input of flight plan turns was
devised. The device was operated by the simulation
crew and they were able to turn any of the tracking
channels according to the program of the simulation
problem

A 16 run experiment was performed Each of two trackers
operated twice 1n each of the four experimental conditions
as followse

{1) Flight plan turns and trim tabs

{2} Trim tabs but no flight plan turns
(3) Flight plan turns but no trim tabs
(4) No flight plan turns and no trim tabs

All tracking was 1n the manual rate-aided mode The traific
load consisted of 18 aircraft simultaneouely on the scope
The problem was programmed for 25 minutes, but the
recording of measurements was delayed till the eighth
minute when the load had been built up to 18 targets
Therefore, meaaures were recorded for 17 minutes 1n

each run For realism, there was a live radar back-
ground mixed with the simulated targets

c. Statistical Measurements, Definitions and Data Analysis
See Appendix D
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Statistical Results

The addition of flight plan turns significantly reduced
(capable of repeating with the same results at least
95 times out of 100 such experiments) velocity count
and misses. Trim tabs significantly reduced (capable
of repeating with the same results at least 95 tumes
out of 100 such experiments) track count, velocity
count, and sequences The observational data

on frequency of use of trim tabs indicated that the
speed trim tab was used very infrequently

Controller Preferences and Conclusions,

The addition of computer derived flight plan turns
1s a considerable improvement te this type tracking
system Track count and velocity count (workload
measurements} were materially reduced when flight
planturns were used. Most important, tracking
accuracy was improved as misses were reduced
significantly

From the results of this evaluation, it 15 also apparent
that the addition of trim tabs and vectors will help the
tracker reduce his workload The use of trim tabs
and vectors considerably reduces the track count,
velocity count, and the sequences required for the
tracking

From the statistical results it can be seen that the
trim tab control for speed was seldom used It was
concluded that the manual-rate-aided mode of velocity
insertion, even with slight operator symbol positioning
ertror, oifers sa,tlsfa.ctory speed 1nsertion However,
this symbol positioning error does affect the channel's
heading By means of the trim tab and vector, the
requirement for velocity corrections (which included
heading corrections) was greatly reduced

Therefore, while the trimn tab for speed 1s not essen-
tial, the trim tab and vector for heading should be
considered as an essential combination feature
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11
3. Simulated VG Type Display Versus SRS5-1 .

a. Purpose This experiment was conducted to compare the
operational advantages of future display systems with
present day radar displays such as the VG.

b. Procedure DBased upon previous conclusions and present
day VG operations, controllers worked singly doing their
own trackihg and controlling. The same traffic sample was
controlled using a 22 - inch horizontal TV display, simu-
lating present day VG type of operation, and using all of
the features of the final SRS-1 system. Flight progress
strips were available 1n both systems. Traffic problems
consisting of an average of twelve aircraft simultaneously
on the scope for a continuous 45 minule period were used,
The traffic simulated inbounds, outbounds, and over-
flights in the Indianapolis Area.

There were a total of twelve 45 manute runs, Each of the
three permanent controllers operated twice with each of
the two display systems Two problems were designed to
be as a comparable as possible

The selectivaty controls and switches for the many display
features were relatively new at the time of this experi-
mental period. The new features included (1) three lines
of alpha-numeric information with alternate information
per line (2) full alpha-numeric selectivity was provided
allowing the operator to select data by line and also to
display it only (3) vectors were on the selected or on all
channels desired, provided wath the full selectivity feature
allowing all or just the selected channel to be displayed
{4) altitude selectivaty, block altitudes and single altitudes.
Figures 3 through 10 1llustrate these features

Controllers were given two one-half hour famaliarization
runs on the SRS before the test started. All of the
controllers were previously experienced with the VG type
system (Figure 14).

11"Sunu1ated VG Type Display Versus SRS-1," FIL Working Paper No. 4
(Project A-2221).
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c. Statistical Measurements, Defimitions and Data Analysis
See Appendix E.

d Statistical Results-

There were significant differences between the SRS and
VG type systems 1n the following measurements-

1 The number of altitude changes imposed by ATC per
run averaged eight when the VG system was 1n use,
and four when the SRS system was being used

2 The number of aircraft allowed by controllers to drift
ofif airways, when using the VG system, averaged two
aircraft per run This average was four per run in
the case of the SRS system

3 Communication was less frequent with the SRS system
Communications averaged 114 per run with the SRS system
as compared with 130 with the VG system. There was
no significant difference 1n the number of conflictions
The SRS averaged 2 6 conflictions per run, while the
VG system averaged 3.1 conflictions per run. It was
noted that some controllers were better able to work
safely with one system, while others were better able
to work safely with the other For example, Controller
1 averaged four conflictions with both systems, Con-
troller 2 averaged two conflictions with the VG, four
with the SRS, Controller 3 averaged three conflictions
with the VG system and one with the SRS system

e. Controller Preference and Conclusions-

It was apparent to observers of the test that the controllers
were much more facile and proficient in the manner 1n which
they worked with the VG as opposed to the SRS system  They
seemed to have some difficulty in handling the many avail-
able features of the SRS system

It appears that more experience and development of
standardized operating techniques are required to obtain
optimum results from more complex systems such as the
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SRS-1 Considerable effort should be devoted to the
human engineering of automatic systems, as 1t appears
possible to provide too many options or inconvemently
located controls

The differences between the systems as measured here
were less dramatic than might have been expected Perhaps
1f more sensitive measurement criteria had been available,
more significant differences between the systems might
have been detected. For example, there were no controller
co-ordination problems between scopes 1n these tests and
this may be one of the stronger points 1n favor of the SRS
type system because of 1ts superior hand-off ability

Each of the controllers and observers were asked to rate
the features of the SRS~1 system to indicate the desirability
in a future display system The results of this questicnaire
are summarized below

CONTROLLERS' OPINION

Feature Rating Category
Not Slightly
Required Useful Desirable Essential
1 Bright tube display X
2 Tral characteristics X

3. Alpha-numeric {(line one
identify and line two
altitude) X

4 Alpha-numeric {line three
route information)} X

5. Read-out devices per console
(Heading and speed in bright
numbers) X
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10

11

12

13

14

15

16

17

18

19

Not
Required

Shightly
Useful

Desirable

Essenttal

Selectivity (lines one and/or
two with assigned or select
channels)

Selectivity {line three with
assigned or selected channels)

Selectivity formats whether
assigned or all

Alternate information per
line

Alpha-numeric cycle rate
at 20 cycles or more

Ab:lity to blank all formats
and/or video X

Vectors

Vectors prediction 0 to
10 minutes ahead

Vectors prediction 10 to
15 minutes ahead

Vector selectivity
{assigned or select)

Vector selectivity
(all position)

Trim tab control for
channel headings

Trim tab speed control
for use 1n tracking

Trim tab speed control
for use 1n controlling
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Not Slightly
Required Useful Desirable Essential

20 Altaitude selectivity

{single altitude and

block levels) X
21 Flight plan turns X To X
22. Course and speed insert

(one per console) X
23 Permanent course and

speed 1nsert for each

channel X
24 Predetermined position-

ing of channel to a fix X
25 Channel light next to

flight progress strip X

In addition to providing the above answers, participating personnel
sugpgested that several of these items appear very desirable from previous
test results while others would require future testing to determine their value

These are

Ability to move formats anywhere on the scope as freely as
the tracking channels A leader must be provided from the
format to the tracking symbol

Ability to insert vector delay information into the tracking
channels (by means of a key pack or other devices) to insert
standard hold patterns of different time intervals

Have the format indicate present altitude and assigned altitude
during climbs or descent

When sequencing to have the ability to see only those aircrait
at the altitude of the selected target and those passing through
the selected altitude strata.
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Prediction vector to follow route of the planned flight rather
than extrapolating in a single direction

Make the trim tab rate of turn 25 degrees per second

Ability to sequence flight progress strip and associated track-
ing channel light as controller may desire

A method of indicating an altitude block on the display when the
radar 1s unable to detect or i1dentify a target

Velocity should be added on each repositioning with a switch to
allow repositioning without adding velocity rather than the reverse
as 1t was during the test.

Considerable improvement 1n the legibility of the alpha-numer:c
information presented would be desirable 1n the final system

The controllers like the slanting face display of the SRS~1 system
rather than standing over the VG horizontal display Also, the controllers
felt they could handle between 15 and 20 percent more traffic, with the same
or improved safety, using a display having the full SRS-1 type features,
plus their suggested changes, as compared to the present VG type of

display

4 Caircle Versus Dot as Tracking Syrnbol12

Purpose To compare circles and dots for effectiveness as track-
ing symbols

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

a Target 1nitial capture
b Velocity insertion
c Tracking.

a Target imitial capture. Ten targets were placed in a general
form of a circle at various ranges about the scope face
Subjects were 1nstructed to acquire these ten targets as
rapidly as possible Each of three subjects did three runs
with circles and three runs with dots The targets were to
be acquired by placing the dots at the center of the targets

12'“Clrc:le Versus Dot as Tracking Symbol, " FIL Working Paper No. 6
(Project A-2221)
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In the case of the circles 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
tfime 1n seconds required to capture all ten targets

Resulte The following table presents the scores in
seconds obtained

Dots Circles
1 81 1, 59
Operator 1 2 68 2 64
3 60 3 52
1 82 1 76
Operator 2 2 83 2 T4
3, 89 3. 66
1 76 1 50
Operator 3 2, 76 2 57
3 67 3 54

Average 77 sec 61 sec.

It can be seen that the difference between the mean
scores 18 16 seconds. This difference 18 very reliable
statistically (. 002 level, sign test), indicating that the
conclusion would be the same 998 timmes out of 1000

It 18 concluded that circles are significantly faster for
initial acquisition of targets

b Velocity insertion Matching the tracking channel velocity

with target velocity 1s the most important aspect of track-
ing. The circle and dot symbols were checked to see 1f
the symboel had any effect on the speed or accuracy of
this velocity matching proceedure A test was set up
which measured the time 1t took the subjects to adjust
tracking channel speed to target speed. The channels
were initially set at speeds different from the targets
to be tracked Four targets with associated tracking
channels were presented to the tracker at the beginning
of each run. Each target was going 1n a different
direction, l.e. one was going 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

did four runs with circles and four with dots In two

of these runs, the tracking channels were 1nitially set

at 100 knots faster than the target, and in two of the runs
the tracking channels were 100 knots slower than the
targets All targets were 300 knots 1n speed The subjects
were not given any of this velocity information

Results- The basic data from the experiment 1s reported
in another reportl3 A summary 1s shown in the follow-
1ing table titled, "Time 1n Minutes To Achieve and
Maintain True Speed ( + 100%)

An analysis of the time required to achieve the true
velocity shows no conslstency regardless of symbol,
tracker, or whether a faster or slower velocity 1s
required It must be concluded therefore, that neither
symbol 1s significantly faster than the other This 1s
probably due to the fact that the resultant velocity
calculation 18 weighted against the previously stored
information and therefore, if either symbol did result
1n more accuracy, 1t would not be apparent in the result

¢ Tracking To determine which symbol 15 the most
operationally desirable, a series of test runs, simu-
lating actual conditions, was established requiring the
use of both symbols Subjects were required to track
twelve targets with varying courses and speeds. Tests
of 30 minutes duration were run with each symbol being
used one half of a test period was reversed for the next
subject

Results In tracking the dot 18 not as readily located
on the scope as the circle symbol If the dot s
intensified, targets near the center of the radar scope
are nearly obscured by the dot symbol It was the
unanimous opinion of all subjects that a small circle
or partial circle should be used as the tracking symbol

13p11, Working Paper No 6 (Project A-2221)



TIME IN MINUTES TO ACHIEVE AND MAINTAIN TRUE SPEED ( 10%)

Target

Circle Symbol

Dot Symbol

TRACK CHANNEL INITIALLY 100 KNOTS GREATER THAN TARGET

Tracker No 1 Tracker No, 2 Tracker No. 1 Tracker No, 2
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8
150 4,08 7.25 3,33 4,33 3 50 5.58 3.16
2.25 2.00 4,25 3,58 1.08 6. 08 1 17 3.33
2,33 2,25 4,54 4,30 2.60 2.83 3,42 Z,02
3.75 4,58 6,42 5.95 1.78 2.00 2,03 1.50

TRACK CHANNEL INITIALLY 100 KNOTS LESS THAN TARGET

Run 9 Run 10 Run 11 Run 12 Run 13 Run 14 Run 15 Run 16
1,08 1,41 1,25 0.58 4.50 3.42 ) 2 50 0.50
1.08 1.41 7.66 2.00 4.50 2.00 0.67 0. 66
5.75 6.83 5.80 6 13 5.83 5.83 6.75 6.53
2. 80 1.50 6.08 2 05 4,00 2.50 3.75 4,33
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Conclusions.

1. The dot symbol required sigmificantly more time to capture
a target or to reposition when required than the circle

symbol

2 Neither symbol 1s significantly faster than the other in
correcting the stored velocity to 1ts true value. This
conclusion 1s based on a system where the new calculation
1s weighed against previously stored velocity 1n accordance
with Controller Preference and Conclustons Section of the
Tracking Experiment of this report (see Page 12)

3 Personnel tested preferred to use the circle rather than the
dot

CONCLUSIONS

1. In a manual rate-aided tracking system the preferred basic
mode of operation 1s that in which the controller repositions the track-
ing symbol with a track stick, and the computer calculates velocity correc-
tions based upon these new positions. Some dampening factor should be
added to the velocity corrections The operator should have the ability
to reposition without the machine automatically computing new velocities,
1f he desires

2 The displacement stick showed a significant difference in track-
ing accuracy over the force stick at the 10 level (capable of repeating 90
times out of 100) Some of the operators felt the physical co-ordination of
individuals might be a factor in their ability to proficiently use a force
type stick The operators preferred the displacement stick
3 Flight plan turns 51gn1f1cr:a.nt13,r]'4 reduce workload and are desir-
able 1n a manual rate-aided tracking system,
4 Trim tab and vectors mgmﬁca.ntly14 reduce workload and are
essential 1n a manual rate-aided tracking system The trim tab control
for speed 15 not essential Trim tabs and vectors should be used in
combination for maximum effectiveness,

14Test results were considered statistically significant at the . 05 level

(capable of repeating 95 times out of 100) unles otherwise stated



TDC R-414 37

5 The use of a circle as a tracking symbol was significantly better
than the dot The operators unanimously preferred the circle as the track-
ing symbol,

6 If a perfect automatic tracking systerm were available, the
tracker's workload would be only a small percentage (less than ten per
cent) of the workload required for a good manual rate-aided tracking
system.

7 The hand-off procedures in the SRS-1 system reduce co-ordination
time, are less time consuming, and offer more positive identification during
transfer than present day verbal procedures.

8 It was the controller's opinion that alpha-numeric information
on the scope increased their traffic handling capabilities up to 50 per cent
over a raw radar display. However, in these tests, the presence of alpha-
numeric information on the scope versus an indicator light next to the
appropriate flight progress strip did not show a sugmflca.nt14 difference
1n performance

9. Test results were statistically mgmfmantl4 indicating that for
the optimum utilization of personnel, and given the same investment of
manpower, controllers should do their @wn tracking It was the controller's
estimate that by using alpha-numeric information, two controllers, doing
their own tracking, could control safely 24 targets One controller, with
a remote tracker, could control safely 14 to 15 targets

10 In future equipment design requires both a tracker and controller,
1t would seem mandatory to have individual input devices to their scope

11 There were sxgmfma.ntl4 differences between the SRS-1 and the
VG type systems 1n the following measurements:

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

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

14Test results were considered statistically sigmificant at the 05 level
{capable of repeating 95 times out of 100) unless otherwise stated
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¢ The SRS-1 averaged 114 communications contacts while the
VG type system averaged 130 contacts per run

There were no significant differences 1n the number of conflic-
tions The SRS-1 system averaged 2 6 conflictions per run, while
the VG type system averaged 3 1 conflictions per run

12 The controllers like the slanting face display of the SRS-1 and
with their suggested additional features, believe such an improved system
could offer up to 15 or 20 per cent improvement over the present VG type
systern However, considerable effort should be devoted to the human
engineering of automatic systems, as 1t appears posstible to provide too
many options or to located controls inconveniently
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LIST OF ILLUSTRATIONS

FIGURE NUMBER TITLE
1 SRS-1 Supervisors Console - Bright Tube
Display
2 SRS Console No 1 Bright Tube Display
3 Scope Presentation Showing Tracking Channel

Symbols of SRS-1 Bright Tube Display

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

5 Scope Presentation Showing Selected Channel
Vector of SR5-1 Bright Tube Display

6 Scope Presentation Showing Target Identification
of SRS-1 Bright Tube Display

7 Scope Presentation Showing Identification and
Altitude of SRS-1 Bright Tube Display

3 Scope Presentation Showing Identification -
Altitude - Route Information of SRS-1 Bright
Tube Display

9 Scope Presentation Showing Alpha-Numeric Per
Selected Channel of SRS-1 Bright Tube Display

10 Scope Presentation Showing Prediction Vectors
With Selected Altitude of SRS-1 Bright Tube
Dasplay

11 15J1C Target Simulator Used During Evaluation

of SRS-1 Features

12 Altitude and Flight Plan Entry Device Used
During Evaluation of SRS5-1 Features

13 Alpha-Numeric Entry Device, Phase II Used During
Evaluation of SRS-1 Features

14 Simulated VG-TV Dhisplay Used During Evaluation
of SRS-1 Features
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FIG 4 - SCOPE PRESENTATION SHOWING CHANNELS AND VECTORS
OF SR5~1 BRIGHT TUBE DISPLAY
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FIG 5 - SCOPE PRESENTATION SHOWING SELECTED CHANNEL
VECTOR OF SRS-1 BRIGHT TUBE DISPLAY
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FIG 6 - SCOPE PRESENTATION SHOWING TARGET IDENTIFICATION
OF SRS-1 BRIGHT TUBE DISPLAY
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FIG 7 - SCOPE PRESENTATION SOWING WENITFICATION AND
ALTITUDE OF SR .-t =R O7IT TUgZ DISPLAY
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FIG 8 - SCOPE PRESENTATION SHOWING IDENTIFICATION -
ALTITUDE - ROUTE INFORMATION OF SRS-1 BRIGHT
TUBE DISPLAY
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FIG. 9 - SCOPE PRESENTATION SHOWING ALPHA-NUMERIC PER
SELECTED CHANNEL OF SRS-1 BRIGHT TUBE DISPLAY
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FIG 10 - SCOPE PRESENTATION SHOWING PREDICTION VECTORS
WITH SELECTED ALTITUDE OF SRS-1 BRIGHT TUBE
DISPLAY



8
5
<
3
«
>
=
:
2
8
2
i
0
D
8
3
&

SRS5-1 FEATURES

il - 1571C TARGET

TDC R-414
BIG.




51

TDC R-414

12 - ALTITUDE AND FLIGHT PLAN ENTRY DEVICE USED DURING

FIG.

EVALUATION OF SRS-1 FEATURES
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APPENDIX A
TRACKING EXPERIMENT
STATISTICAL MEASUREMENTS, DEFINITIONS AND DATA ANALYSIS

This appendix contains the definition of measurements and basic data
results obtalned 1n the tracking experiment performed during Phase I of the
test program from August 19 through August 29, 1958 Contained herein
are the results of this experiment as analyzed by FIL

A Measurements - Definitions

The definitions of the measures of performance and workload
made 1n this experiment appear below In all cases except
misses and re-idents, the data were taken automatically with
counters

1 Misses

The number of sweeps a tracking 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!'" track-
ing symbol These data were taken by assigned observers

2 Re-idents

The number of times the tracker felt he had lost track of
the target 1dentities and would have had to call for identity
turns 1n an operating ATC system Since alpha-numeric
information was not to be associated with each tracking
symbol, 1t was not possible to use a more objettive method
of recording i1dentity confusion

3 Sequences-

The number of times the tracker pushed his sequence
button This button moved the sumbol leader and control
from one target to the other, so that tracking adjustments
could be made In this test series, it was necessary to go
through all targets in fixed order

Appendix A
Page 1 of 7
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Manual Actions

This was a count of all manual actions involved in track-
ing, with the exception of sequencing. It 18 the sum of
the following kinds of manual action which will be further
defined below

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

Independent Symbol Repositionings

This 18 a count of the times symbola were repositioned with-
out course or speed 1nsertion

Total Course and Speed Corrections’

This measureis the sum of both kinds of course and speed
correction, those made with the stick, and those made with
the course and speed 1nserts,

Manual Course and Speed Correections

This measure 18 a count of the course and/or speed
corrections made using the course and speed 1nserts.

Stick Insertions of Course and Speed

This 18 the number of course and/or speed 1nsertions made
using the tracking stick

The basic purpose of the experiment was the comparison of the
three modes of tracking. In this eomparison, two essential aspects of
performance were considered: tracking effectiveness, and tracker work-
load, or effort expenditure

In this study tracking effectiveness was evaluated by two measures

(a) The ability to effectively keep the gate symbol at the actual

location of the target, which was measured by misses, as
defined above, and

Appendix A
Page 2 of 7
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{(b) The ability to track targets with a minimum of con-
fusion measured by re-idents, as defined above

Tracker effort was a more nebulous criterion and was scored by
two measures also

(a) The total corrective action performed to insure the
pos:itioning of the symbol with 1ts appropriate target
which was determined by total manaal action measures,
as defined above, and

(b) The effort which was expended to get the target-symbol
palr requiring correction

This latter measure was determined by sequencing movements, as
defined above

In a sense, these two criteria are functionally related in than an
increase 1n tracking effectiveness would usually be expected to require
an incrzase 1n tracker effort The optimum 18 to obtain maximum
effectiveness in tracking with a minimum of tracker effort. The above
four measures were considered the major measures of the experiment.

B Statistical Results,

While some statistically significant differences and strong
tendencies to differences were shown 1n the major measures both with
respect to comparisons and interactions, none of these were of such
magnitude as to lead to an overwhelming choice of one mode (of those
tested) over others It 18 possible that this conslusion might change 1f
a more stringent tracking problem were used to stress the systems under

test
C., Basic Data

The analysis of variance was performed for each of the eight
measures The significance of the three main variables and their three
firet order interaction was examined Ten statistically significant results
(r.e., P = 05indicating results capable of being repeated at least 95
times out of 100 such experiments) were found The significance level 18
the probability that one wll incorrectly state the difference exists, when
none exists.

Appendix A
Page 3 of 7
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The significant results were

1

()

10

Modes differed 1n nurmmber of misses

Modes differed in the number of manual actions {excluding
sequencing movements} they required.

Modes differed in total course and speed insertions or
corrections.

Modes differed i1n manual course and speed insertions or
corrections

Modes differed in course and speed insertions using the
track stick,

Modes differed in the number of simple repositionings
Trackers differed in the number of re-idents they required

Trackers differed in the average numbers of simple reposi-
tionings they made

Areas differed in the re-idents required

There was an 1nteraction {which 18 to say the result 18 a
mutual or reciprocal action between the two variables} be-
tween modes and trackers with regard to the number of simple
repositionings.

The following are summary tables for the above mentioned differen-es

4€——MODES >
NUMBER I I1 ITI
Misses 6 6 12
Manual Actions 50 60 70
Total C/S 49 37 21
Manual C/S 0 1 20
Track Stick C/5 49 34 0
Simple Rep. | 0 18 49

¥

Appendix A
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TRACKERS
A B C
Re-1dents 3 2 3
Simple Rep. 21 16 12
AREAS
NEW YORK | CHICAGO | INDIANAPQLIS
Re-1dents 2 5 2
MODE
I 11 II1
A 0 36 48
Simple Rep B 0 28 a5
C 0 1 06

A RQPEAI

These data were normalized before analyais. The table entries
represent the values re-transformed into their original form  There-
fore, the column or row averages are not necessarily the arithmetic
average of the entries in the respective row or column in the basic data
table following

Appendix A
Page 5 of 7
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WORK LOAD MEASUREMENTS
MINOR MEASURES

TOTAL MANAUL STICK
COURSE COURSE COURSE
INDEPENDENT OR OR OR
SYMBOL SPEED SPEED SPEED
REPOSITION CORRECTION INSER TION CORRECTJON
MODE | 1| m | m 1 | o |m 1| o | m 1 | o | m
TRACKER AREA
NEW YORK 12 | 27| 35 50 | 43 |28 0 1 28 s0] 42 | o
CHICAGO ol 61 | 41 58 | 17 |23 o | 3 23 58 | 14| o
INDIANAPOLIS |, | , | o) 57 | 40 |10 0 3 10 57! 37| o
NEW YORK o 21| 35 43 | 29 |23 o | o | 23 43 | 29| o
CHICAGO ol 30! 35 54 | 27 |23 o | 5 | 23 54 | 22 | o |
INDIANAPOLIS | o0 | 34 | 35 49 | 45 | a1 o | o a1 49 | 45 | o
NEW YORK 0 1| 60 45 | 49 |13 o | o 13 45 | 49 | o
CHICAGO ol 4 o3 46 | 571 6 0 1 6 46 | s6 | o
INDIANAPOLIS [ 0) o | 76 43 | 27 |24 0 1 24 43| 26 | o
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WORK LOAD MEASUREMENTS
MAJOR MEASURES

TRACKER EFFECTIVENESS

TRACKER EFFORT

RE IDENT MISS SEQUENCES MANUAL ACTION

MODE | I im | 1| n 1 I o | 1o I n |
TRACKER ABREA
NEW YORK 3 3 1 19] 5 13 144 | 134 | 129 29| 70| 63
CHICAGO 3 6 7 10| 2 13 130 | 155 | 130 5 78] 64
INDIANAPOLIS | 1 4 4 6| 4 14 207 | 162 ] 165 611 66l 81
NEW YORK 2 1 3 ol 8 10 168 | 199 | 141 43| 50| 58
CHICAGO 3 2 4 10| 15 10 159 {128 | 105 54| 57| 58
INDIANAPOLIS | 1 1 0 o] 5 5 145 | 179 | 172 49] 19] 76
NEW YORK 3 2 3 5] 8 10 140 | 125 | 140 45| s0| 13
CHICAGO 5 4 12 14| 15 17 158 | 155 | 148 47 61| 69
INDIANAPOLIS | 4 0 6 2| 1 26 117 158 172 43] 271 100
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APPENDIX B

CONTROLLER CONFIGURATION

STATISTICAL MEASUREMENTS, DEFINITIONS AND DATA ANALYSIS

Thie appendix contains the definition of measurements and basic
data results obtained in the controller configuration experiment performed
during Phase I of the test program from September 8 through September
19, 1958. Contained herein are the results of this experiment as analyzed

by FIL.

A, Measurements - Defin:tions

The measurements taken for the controller configuration test
series were combined into five summary measures

1.

Tracking Actions This 18 the sum total of all the manual
actions performed by the teams in the course of each problem
run ‘These consisted of velocity correction count, and the
sequence count Re-identification occasions were dropped
out because of the small count However, the vectors that
made up these turns were included i1n the vector count under
control actiona,

Contreol Actions This 18 the sum total of all the actions used
to maneuver aircraft to provide separation, Theae consisted
of vectors, altitude changes, and holde There were no holds
recorded during the problem to include in this measure,

Conilictions. Conflicting aircraft were those having less
than five miles lateral separation and within 1000 feet
vertical separation. An un-coordinated crossing of sector
boundaries were also considered a confliction

Communication count 18 defined as the total number of times
the teams pushed the buttons on their head sets to talk during
each 45 minute run.

Communication time 18 defined as the total length of time
in seconds the puah to talk buttona were held down by the

Appendix B
Page 1 of 5
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teams during each 45 minute run This measure included
both air-ground and ground-ground communication
Recording methods prevented separation of the two message

types
B Statistical 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 were
more conflictions when the same problem was handled by the
two-man teams arranged 1n the controller-remote-tracker
configuration than when they were in the controller-controller
configuration (each doing hie own tracking}

The presence of alpha-numeric information on the scope face
versus an indicator light next to the appropriate flight strip
did not show a measurable difference i1n performance in these
tests

C Basic Data

The anaiysis of variance was performed for each of the five
summary measures and some sub-measures that were deemed
important

The si1gnificance of the three main variables and their three
first order interactions was examined. Seven statistically
signmificant results were found The significance level 1s

the probability that one will incorrectly state a difference
exists, when none exists. In this report, the 05 level
(capable of repeating the results at least 95 times out of 100
such experiments) was considered statistically sigmificant and
the 10 level {capable of repeating the results at least 90 times
out of 100 such experiments) was considered deserving of some
mention as a trend indication

The mignificant 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 heading changes) given per run This 158 a sub-measure
of control actions
Appendix B
Page 2 of 5
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3. Configurations differed in the number of tracking actions
per run However, when total tracking actions 1s further
subdivided, :t 1s found that this difference 18 due only to
sequencing and not to other tracking actions

4 Teams differed in the number of conflictions occuring
per run

5. Teams differed i1n the number of communications per run,

6 There was an i1nteraction (which 18 to say the result 18 a
mutual or reciprocal action between the two variables)
between configurations and alpha numeric condition with
regard to frequency of communications,

7. Configurations interacted with teams with regard to the
duration of commun:ications There was some tendency
for configurations to differ in the number of control
actions given per run.

Configurations did not differ in communication frequency
or duration None of the five summary measures showed
any difference, between the operation with and without
alpha numeric information

The following are a summary tables for the above mentioned
differences

Configuration

Number CCx* CT>*
Conflictions 1 3 . 05 level
Tracking Actions 710 858 05 level
Control Vectors 35 21 05 level
Control Actions 38 30 .10 level

#1 Teams #2
Conflictions 1 3 05 level
Communication Count 152 103 01 level
Appendix B
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Configuration

CC CT
Total Tracking Actions 710 858 05 level
Sequencing 351 446 05 level
Total T.A minus 359 412 Not Significant

Sequencing

The remaining tables concern interactions

Configuration
Communication CcC CT
Count Alpha 110 131 .01 level
No Alpha 155 112
Configuration
Communication cC CT
Time Team
1 514 361 01 level
Team
2 438 440

#*CC - 2 controller configuration
#CT - Controller-tracker contiguration

These data were normalized before analysis. The Table entries
represent the values re-tranaformed into their original form, There-
fore, the column or row averages are not necessar:ly the arithmetic
average of the entries in the respective row or column in the basic data
table following

Appendix B
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BASIC DATA TABLE

CONTROL CONTROL
ACTIONS VECTORS CONFLICTIONS
cc cT CC CT CC CT
R R2|R | Rz Rj| Rz |Ry[R2 RyRa| Ry Ry
T 1
Alpha 1 40 40] 36| 16 34( 36| 30] 15 0 0] 2 1
T,| 36 |[33[40]27 31| 28| 37| 25 0| 5|13 2
Tl 38 392922 34| 39| 25 21 11 0|4 2
No Alpha
Ta| 48 |32 | 34] 36 45131 | 33] 27 32|97
TOTAL TRACKING
ACTIONS SEQUENCING
cC CT cC CT
7 752 |938 |803
Alpha T1]709 938 322|298|366| 344
T2|555 | 669|999 |787 294(347]524| 441
No Alpha T1| 688 | 683 (904 |662 364|293|593] 319
T, 767 | 856 |940 |83l 456|432|483| 504
COMMUNICATION COMMUNICATION
COUNT TIME
cC CT ccC CT
Alpha T [142 [146 [151 156 497 | 5301373(413
T, | 68| B4 [ 122 96 318 |450|466(358
No Alpha T1 | 195 (176 | 145 | 86| 55049039026
T2 134 {116 | 102 |116 52514521405] 531
CC - 2 Controller Configuration
CT - Controller - Tracker - Configuration

T - Team
R - Replications

Appendix B
Page 5 of 5
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APPENDIX C
SRS-1 TRACK STICK EXPERIMENT
STATISTICAL MEASUREMENTS, DEFINITIONS AND DATA ANALYSIS

This Appendix contains the definition of measurements, and basic
data results obtained in the Track Stick Experiment performed during Phase
II of the test program from November 10 through November 21, 1958
Contained herein are the results of this experiment as analyzed by FIL

A Measurement Definitions

1 Misses- The number of sweeps a tracking symbol was
Yoff" 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 Tracking Actions

{a} Sequence Count The nurmber of tirmes the trackers
pushed the sequence button to obtain a desired track-
ing channel during the 12 minute recording period

(b) Track Signal Count. The number of times the trackers
pushed the track signal to reposition the symbol on the
target during the 12 minute recording period

{c) Velocity Correction: The number of times the trackers
pushed the velocity correction button to insert a velocaty
change 1n a tracking channel

B Statistical Results

In Experiment No 1 there was no significant difference at the
05 level (vapable of repeating with the same results 95 times
out of 100 such experiments) 1n workload or accuracy measure-
ments However, there was a strong tendency, reliable at the
10 level {capable of repeating with the same results 90 times

out of such experiments) for the force stick to have a greater

Appendix C
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number of misses In this experiment the trackers averaged
35 more misses per run with the force stick than with the
position stick

In Experiment No 2 there were no significant differences
However, the trackers averaged eight more rmisses per run
with the force stick than with the position stick

Experiment No 3 was identical to Experiment No 1! with the
exception of having only six runs In this experiment the trackers
averaged 40 more misses per run with the force stick than with

the position stick, i1ndicating no learming factor was involved from
the first experiment No sigmificant differences were found i1n
Experiments 2 and 3 mainly due to the limited number of runs. Th
strong tendency shown in Experiment No 1 was again indicated in
Experiment No 3

Basic Data

The following were the significant results in the track stick
experiments

Experiment 1.

1 Track sticks were not significantly difierent 1n velocity count,
sequence count, or track signal count The miss count was
not significantly different for the two sticks, although there
was a strong tendency for the force stick to have a greater
number of misses The difference was reliable at the 90
level of confidence (capable of repeating 90 times out of 100},
not quite reaching the 95 level (capable of repeating 95 times
out of 100) arbitrarily defined as establishing significance
for this series of experiments

2 There were significant differences among the trackers {subjects}
in the experiment in the track count, velocity count, and
sequence count measures The trackers did not differ in
the number of misses, however

3 The interaction of sticks and trackers was not sigmificant

Appendix C
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Experiment 2

In the experiment with the untrained or unpracticed trackers,
no significant differences were found between sticks or trackers
in any of the measures (misses, track signal, velocity count,
sequences) It was not possible to make a statistical test on

the 1nteraction
Experiment 3

No differences were found significant in the third experiment
which was done with the experience trackers It was not
possible to make a statiatical test of the significance of the
interaction between sticks and trackers because of the limited
number of runs

APPENDIX C
BASIC DATA TABLE

EXPERIMENT NO 1 - TRACK STICKS

MISSES VELOQCITY COUNT
Force Stick | Position Sticl orce Stick| Position Stick
R1 R2 R1 R2 Rl R2 Rl R2
I'racker 1 130 118 136 104 163 137 167 174
Tracker 2 |170 198 130 160 98 | 137 B7 144
Tracker 3 162 184 82 142 138 126 116 117
TRACK COUNT SEQUENCES
orce Stick | Position Stick] [Force Stick| Position Stick
R1 R2 R1 R2 R1 R2 Rl R2
Tracker 1 163 156 172 189 272 | 267 278 287
Tracker 2 99 139 929 163 199 191 195 175
racker 3 139 127 136 147 171 206 174 259

Appendix C
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APPENDIX C
BASIC DATA TABLES

EXPERIMENT NO 2 - TRACK STICKS

Sequences Misses Velocity Count Track Count

Force Positiong |[Force Positiol |Force Position| |Force Position
Tracker 1] 144 158 94 L2 91 60 91 80
racker 2| 169 140 60 78 76 38 g3 105
Tracker 3} 159 177 76 76 96 83 103 84

EXPERIMENT NO 3 - TRACK STICKS

Sequences Misses Velocity Count Track Count
FForce Position| Force Positiof [Force Position| |[Force Position)
Tracker 1] 285 241 207 110 127 113 126 | 116
Tracker 2] 228 284 143 122 126 101 122 152
Tracker 3| 297 295 118 115 1421 141 171 153
Appendix C

Page 4 of 4
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APPENDIX D
FLIGHT PLAN TURNS AND TRIM TAB PLUS VECTORS

STATISTICAL MEASUREMENTS, DEFINITIONS AND DATA ANALYSIS

This Appendix contains the definition of measurements and basic
data results obtained in the Flight Plan Turns and Trim Tab plus Vectors
experiment performed during Phase II of the test program from December
1 through December 12, 1958, Contained herein are the results of this
experiment as analyzed by FIL.

A Measurement Definitions

1 Misses The number of sweeps a tracking symbol —~as 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 Reidentifications. The number of times the tracker felt he
had lost track of the target identifies and would have had to
call for identity turns 1n an operating ATC system.

3 Tracking Actions

(2) Sequence Count The number of times the trackers
pushed the sequence button to obtain a desired channel
during the 17 mnute period.

{b) Track Signal Count The number of times the trackers
pushed the track signal button to allow the track stick to
reposition the symbhol

{(c) Velocity Correction The number of times the trackers
pushed the velocity correction button to insert a velocity
change 1n a tracking channel

(d) An additional type of measure was taken as a check on
the utility of the equipment, The number of times the
operator used the heading and speed features of the trim

Appendix D
Page 1 of 4
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tabe was recorded Obviously this was only an observ-
ation and not as a quantitative measurement

B Statistical Results

The addition of flight plan turns significantly reduced (capable
of repeating with the same results at least 95 times out of 100
such experiments) velocity count and misses Trim tabs
significantly reduced (capable of repeating with the same results
at least 95 times out of 100 puch experiments) track count,
velocity count, and sequences. The observational data on
frequency of use of trim tabs indicated that the speed trim tab
was used very infrequently

C. Basic Data.

The analysis of variance was performed for each of the five
measures, The significance of the three main variables and
their three first order 1nteractions was examined Eleven
statistically significant reeults were found. The significance
level 18 the probability that one will incorrectly state a
difference exists, when none exists. In this report, the 05
level (capable of the results repeating at least 95 times out of
100 such experiments) was cons:dered statistically significant
and the .10 level (capable of the results repeating at least 90
times out of 100 such experiments) was considered deserving
of eome mention ag a trend indication., One sBuch result was
found,

The si1gnificant results were

1. Trackers differed in all the five measures taken (track
count, velocity count, mequences, re-idents, and misses)

2. Flight plan turng differed in velocity count and misses

3. Trim tabs differed in track count, velocity count and
sequences.

4. There was an interaction (which is to say the result is a
mutual or reciprocal action between the two variables) be-
tween trim tabs and trackers with regard to sequences,

The 1mportant trend result was*

1 Flight plan turns differed in track count,.

Appendix D
Page 2 of 4
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TRACKER
Average Number of 1 2
Track Count 113 175
Velocity Count 62 155
Sequences 180 302
Re-Idents 0 2
Misses 36 22

FLIGHT PLAN TURNS

With Without
Track Count 128 160 (Trend)
Velocity Count 98 119
Misses 21 36

TRIM TABS

With Without
Track Count 126 161
Velocity Count 88 128
Sequences 202 280

The remaining table concerns an interaction

TRIM TABS
With Without
Sequences Tracker 1 154 206
Tracker 2 248 355
Appendix D

Page 3 of 4
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BASIC DATA TABLE

TRACK COUNT YELOCITY COUNT
Flight Plan Without Fhight Flight Flan Without Flight
Turns Plan Turas Turne Plan Turns
Rl R2 Rl R2 R1 R2 Rl R2
Trim Tabs Tracker 1 a5 91 105 145 29 55 15 76
-
Vectors Tracker 2 154 142 170 160 | 132 108 151 141
Without Tracker 1 99 a9 97 233 &9 74 94 83
Trim, Taba Tracker2 | 19% | 169 209 200 169 148 192 197
Vectors
SEQUENCES RE-[DENTS
Flight Plan Without Fhight Flight Plan Without Flight
Turns Plan Turns Turns Plan Turns
Rl R2 Rl R2 Rl RZ Rl RZ
Trim Taba Tracker 1 136 156 177 150 o 0 [} 4
¥
Vectors Tracker 2 279 201 266 247 z 2 3 0
Without Tracker 1| 206 182 193 242 0 o 0 0
Trlm* Tabs
Vectora Tracker 2 386 338 360 338 3 1 2 2
MISSES
Flight Plan Without Flight
Turns Plan Turns
R1 } R2 R1 RZ
Trim Tabs Tracker 1 35 z26 52 24
+
Vectars Tracker 2 ) 12 25 33
Without
Trim Tabs Tracker 1 30 24 50 43
Ve:toru Tracker 2 14 18 32 LF
Appendix D

Page 4 of 4
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APPENDIX E
SIMULATED VG TYPE DISPLAY VERSUS SRS-1

STATISTICAL MEASUREMENTS, DEFINITIONS AND DATA ANALYSIS

Thie Appendix contains the definitions of measurements and basic
data results obtained in the simulated VG type Display versus SRS-1 exper1-
ment performed during Phase II of the test program from January 5 through
January 16, 1959 Contained herein are the results of this experiment as
analyzed by FIL

A Measurement Definitions

1 Flight maneuvers 1mposed on aircraft by ATC A count
was made of controller vectors given for re-identification,
separation, or return to airways

2 Altitude changes imposed by ATC Pilot requested
altitude changes were not included

3 Conflictions occurring were counted A confliction was
defined here as any case 1n which two or more aircraft
were within 1000 feet vertical separation and at less than
five miles lateral separation

4 Aircraft off airways instances were counted It was con-
sldered the controller's responsibility to warn aircraft when
they were driiting off airway boundaries defined as seven
miles on either side of the centeriine Instances when
aircraft drifted outside of these limits were tallied

5 Communication Count Defined as the total number of
times the controllers pushed the microphone button to
talk during each 45 minute run

6 Communication Time Defined as the total length of time
in seconds the microphone buttons were held down by the
controllers during each 45 minute run This measure
included both aitr-ground and simulated ground/ground
communications to adjacent centers and towers

Appendix E
Page 1 of 4
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Statistical Results

There were significant differences between the SRS and VG
type systems 1n the following measurements

1 The number of altitude changes imposed by ATC per run
averaged eight when the VG system was in use, and four
when the SRS system was being used

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

3 Communication was less frequent with the SRS system
Communications averaged 114 per run with the SRS system
as compared with 130 with the VG system  There was no
significant difference i1n the number of conflictions The
SRS averaged 2 6 conflictions per run, while the VG system
averaged 3 1 conflictions per run It was noted that some
controllers were better able to work safely with one system,
while others were better able to work safely with the other
For example, Controller 1 averaged four conflictions with
both systems, Controller 2 averaged two conflictions with
the VG, four with the SRS, Controller 3 averaged three
conflictions with the VG system and one with the SRS system

Bagsic Data

The analysis of variance was performed for each of the six
measures as follows

Number of conflictions

Altitude changes imposed by ATC

Vectors imposed by ATC

Message frequency

Message time duration per run

Number of aircraft not redirected to airways

The experimental design allowed the testing of the statistical signifi-
cance of the following factors:

Differences between the SRS and VG
Differences between controllers

Appendix E
Page 2 of 4
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Interactions between controllers and scope {1 e SRS and VG)
Interactions between controllers and problems
Interactions between scopes and problems

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

Of the 30 significance tests made, 1l were significant at the 95 per
cent level of confidence The significant results were as follows-

SRS and VG differed in

Altitude changes
Number of aircraft off airways
Message frequency

Controllers differed in

Conilictions
Number of aircraft off airways,
Message frequency

Problems differed in.

Vectors imposed
Altitude changes
Number of aircraft off airways

There were significant interactions between

Controllers and scopes in number confiictions
Scopes and problems in number aircraft off airways.

There was a tendency for the interaction between scopes and probiems
to be significant with regard to conflicts

Observations of "hold" or delays to aircraft were made, but these
occurred so infrequently that an analysis was not made Note-
Identity confusions were also so infrequent as to prevent analysis
Note: The three kinds of vectors were combined The significant
resulta are presented in tabular form below-

Appendix E
Page 3 of 4
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Altitude Changes
Number Aircraft off airways
Message Frequency

Conflictions
Number Aircraft off airways
Message Frequency

Vectors Imposed
Altitude Changed
Number Aircraft off airways

SIGNIFICANT INTERACTIONS

Controllers and 1

Scopes 1n 2

Conflictions 3
Av

Scopes and

Problems In Problem 1

Number of Aircraft

off Aurways Problem 2

o™

SRS VG
4 8
/ 2
114 130
CONTROLLER
1 2 3
4 3 2
2 2 3
112 | 150 104
PROBLEMS
1 2
20 28
7 5
2 3
SRS VG
4 4
a z
1 e
3(3 1) (2
"3RS e
C; C2C3 |C) Cp Cs
3 2 5 1 0 2
C; C2C3 [ C) C; C3
3 4 4 2 2 3

RSN UCIT N
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THE FRANKLIN INSTITUTE e Laboratones for Research and Development

FOREWQRD

The following six working papers are the reports made by the
Franklin Institute Laboratories to the SRS-1 project working group
of the Technical Development Center, Federal Aviation Agnecy,
Indianapeclis, Ind.

It was the function of the Franklin Institute Laboratories!
personnel to serve as consultants concerning the statistical design
and analysis of experiments for the SRS-1 projgect. 4 summary report
of the project 1s being prepared and published by FAd. With TDC
cooperation, these working papers are being published so as to be
available for those readers who wish greater detail about the statis-
tical aspects of the project than could be conveniently included i1n
the TDC summary report.

Those listed below wish to extend their appreciation to Mr. Fred
Pickett, Mr. Fred McKnight, and Mr. Robert Sorenson of FA4, for their
gxcellent teamwork waith FIL during the project. We feel that a good
deal was accomplished by the project within the prevalling taime and
equipment limitations.

E. P. Buckley
F. X. McLaughlan
Js H. Brinton
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INTRODUCTION

The SRS equipment was developed by Airborne Instruments Laboratory
for the Army Signal Corps SRS is an electronic system which enablea
an operator to position a tracking symbol or gate over radar targets.
The basic control is the tracking stick through which the operator
repositions the symbol. When he dees this the machine automatically
~omputes a new velocity vector that can be inserted in the tracking
channel by pressing a button. Thus,once the gate has been placed on a
target and the correct velocity inserted, 1t will stay with the target
unless an abrupt change of course 1s made by the target. Manmual veloam ity
and course corrections may be made 1n a computer which is part of the
gystem. In addition to rate=-aided tracking, automatic tracking is
availlable. It was felt by interested people that it would have some
value 1n air traffic control. From this developed a TDC project to
evaluate the equipment for possible application to air traffic control.

The evaluation tests are being conducted by the Technical Develop-
ment Center, assisted by Franklin Institute Laboratories personnel, at
AIL, Mineola, L. I. This report covers the first phase of the evalua-

tion, the tracking experiment.
PURPOSE

The general purpose of the tracking phase was to examine the accuracy
and reliability with which typical air traffic control personnel could
track a sample of simulated aircraft using different modes of operation

of the SRS equipment.
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METHOD AND PROCEDURES

The variables that were included in this phase are as follows:

(1) Trackers

(2) Area maps {Indianapolis, New York, and Chicage). An appropriate

(3)

traffic sample of the same size was used 1in each area. Each

area map was a separate problem in itself. That i1s, the simulated

traffic on the Indianapolis map was intended to represent a typleal

overflight prcblem area. New York was an outbound problem and

Chicago an arrival probleme.

Modes of operation. The 3 modes were as followse:

(a) Mode 1 = The tracker repositions the gate symbol with a posi-
t1on stick and the machine automatically computes speed and
course. The tracker never uses course and speed lnserts
of any types

(b) Mode 2 - The tracker repositions the gate symbol with the
stick and the machine computes course and speed, or the
tracker may use the"new"type course and speed inserts to
set these data i1nto the machine.

(c} Mode 3 - The tracker uses the stick for repositicning only
and he uses the new course and speed inserts to put speed
and course into the system. The machine does not compute

course and speed.
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Three levels of the three variables yislded 27 combinations of
conditions, each one of which was run once in random order in a

factorial design as sketched below:

OPERATOR MODE I MODE IT MODE ITI AREA
A
B 1
C
A
2
C
A
B 3
C

The two consoles wers rendsred approximately comparable squipment-
wise by covering over certain features unique to each consecle. The experi-
ment was done with live and simulated radar mixed. This 1s advantageous
in that tracking 1s done in realistic clutter. A disadvantage 1s that
the clutter varies from time to time or day to day and thus leads to
less stable data. Except for this instabilaty of the data this situa-
tion may not seriocusly affect the interpretation of the data since the

ssquence of runs 1s randomized.

The subjects were 3 radar controllers, one from N Y., one from
Indianapolis, and one from Chicago. They had extensive practice with

the equipment before the experiment started. The subjects were aware
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of the purpose of the experiment and the fact that the same three

traffic samples would be used throughout the experiment.

DEFINITIONS OF MEASURES TAKEN

The definitions of the measures of performance and workload made in
this experiment appear below. In all cases except misses and re-idents,
the data were taken automatically with counters.

l. Misses:
The number of sweeps a tracking 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.
Thess data were taken by randomly assigned observers.

2. Re=i1dentst
The number of times the tracker felt he had lost track of the
target 1dentities and would have had to call for identity turns
in an operating ATC system. Since alpha-numeric information
was not to be associated with each tracking symbol, 1t was not
possible t0 use a more objective method of recording identity
confusion.

3. Sequencest
The number of times the tracker pushed his sequence button.
This button moved the symbeol leader and control from one
target to the other, so that tracking adjustments could be made.

It was necessary to go through all targets in fixed order.



L. Manual actionss:
This was a count of all manual actions involved in tracking,
wilth the exception of sequencing. It 1s the sum of the follow-
ing kinds of manual action which will be further defined below:
(a) Independent Symbol Repositionings
(b} Total Course and Speed Corrections

S. Total Course and Speed Corrections
This measure 1s the sum of both kinds of course and speed
correction; those made with the stick, and those made with the
courss and speed 1nserts.

6. Manual Course and Speed Corrections
This measure 1s a count of the course and/or speed corrections
made using the course and speed 1nserts.

7+ &tick insertions of Course and Speed
This 1s the number of course and/or speed insertions made using
the tracking stick.

8. Independent Symbol Repositioningss
Thais 15 a count of the times symbols were repositioned without

course or speed 1nsertion.

RESULTS
The basic data appear in Appendix A.
The analysis of variance was performed for each of the eight measurss.

The significance of the 3 main variables ana their three first oraer
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interaction was examined. Ten statistically significant results

(1.€., P = .05 or less) were found. The significance level

15 the probability that one will incorrectly state that a difference

exists, when none exists.

The significant results were:

1.

2.

7.
8.

9.
10.

Modes differed in number of misses.

Modes aiffered in the number of manual actions {excluding
sequenclng movements) they required.

Modes differed in total course and speed insertions or
corrections

Mogdes differed in mamial course and speed 1insertions or
corrections

Modes differed in course and speed insertions using the track
stick.

Modes differed in the number of simple repositiecnings

Trackers differed in the number of re-idents they required
Trackers differed in the average numbers o¢f simple reposition-
ings they made.

Lreas differed in the re=-idents required.

There was an interaction (which 18 to say the result 1s a
mutual or reciprocal action between the two variables) between
mooes and trackers with regard to the number of simple

repositionings.
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The following are summary tables for the above mentioned differences

MODES -
NUMBER I II I1I
Misses 6 6 12
Manual Actions 50 60 70
Total C/S L9 37 21
Manual C/S G 1 20
Track Stick C/S L9 3l 0
Simple Rep. 0 18 L9
~—TRACKERS -
A B
Re-1dents 3 2 3
Simple Rep 21 16 12
AREAS .
NEW YORK CHICAGO INDIANAPOLIS
Re=-1dents 2 5 2
~—— MODE -
T I 1T III
R
a ® 0 36 L8
Simple Rep» C B 0 28 35
5 0 1 66
R

These data were normalized before analysis. The table entries
represent the values re-transformed into their original form. Therefore
the column or row averages are not necessarily the arithmetic average
of the entries i1n the respective row or column.in the basic data table

in Appendix A.
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There were 5 results which approached statistical significance and
shoula be mentioned i1n this report to show additional tendencies noticed
1in the datas

{1} The three map areas differed in the number of tracking symbol

M1S5E5.

(2) The trackers and modes showed some interaction when related

to the number of tracking symbol misses.

(3) The three map areas agailn showed some differences when related

to the numbers of sequencing actions.

(4) With regard to manual actions, trackers and modes showed some

interaction.

(5) When related to independent symbol repositioning, modes and

areas showed some interaction.

INTERPRETATION OF RESULTS

The basic purpose of the experiment was the comparison of the three
modes of tracking. In this comparison, two essential aspects of per-
formance were considered: tracking effectiveness and tracker workload
or effort expenditure.

In this study tracking effectiveness was evaluated by two measures:

(a) the abi1lity to effectively keep the gate symbol at the actual

location of the target, which was measured by misses, as

defined above, and
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(b] the ability to track targets with a minimum of confusion
measured by re-idents, as defined above.
Controller effort was a more nebulous critericn and was scored by
two measures also:
(a) the total corrective action performed to i1nsure the position-
ing of the symbol with its appropriate target which was
determined by total manual action measures, as defined above, and
{(b) the effort which was expended to gel to the target - symbol
pair requirang correction. This latter measure was determined
by sequencing movements, as defined above.
In a sense these two criteria are functionally related in that an
1ncrease 1n tracking effectiveness requires an i1ncrease in controller
effort. We would like to obtain maximum effectiveness in tracking with

a minimam ¢f tracker effort.

MODES
Considering the comparison of modes 1in terms of the variables above,
some differences of statistical significance were shown. As shown
above, there were different average numbers of misses per run with the
three different modes. {(Mode I, 6: Mode 2, &; Mode 3, 12). 1In inter-
preting this result 1t must be remembered that a difference of & misses
while statistically significant, possesses little practical significance.
Every target during every scan of the test run represented an oppor-

tunity for the scoring of a miss, Since there were approximately ten



=1Q0=

targets on the scope at all times and since the test run lasted for
approximately 50 scans, there were therefore 500 opportunities for
scoring a miss in each test run. Considering this fact, a difference
of & misses per test run does not seem of such a magnitude as to
represent a criterion for choice between modes.

There were no differences or tendencies toward differences between
modses 1n the number of re-identifications requirad or in the number
of sequencing actions required. The numbers of manual actions other
than sequences required were different as followss (I, 50; II, 60, III,
70). The maximum difference shown here 1s again relatively sligh ,
being of the order of twenty marmal actions of very short duration.

In general, therefore, 1t appears that, in terms of the measures
of major importance taken in this experaiment, there were nc differences
shown between modes. It 1s possible that the differences between modes
may not be completely shown here because, contrary to the experimenter's
expectations, the problem given the subjects for tracking turned out
to be a rather easy one. It 1s possible that 1f these‘modes wers com-
pared under conditions more stressful for the systems, greater differ-
ences would appear. Another aspect of the situation 1s that the usse

of background live radar probably increased the variability of the data,

thus making 1t more difficult to detect differences.

TRACKERS

4 significant difference was found between the three trackers with
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TRACKERS (continued)
regard to only one of the four major measures, the number of re-identi-
fications required. This difference, while statistically significant,

amounted to an average valus of only one re-identification per run.

GEOGRAPHICAL AREAS

There was a statistically significant difference in the number of
re~1dentifications requireds New York and Indianapolis required an
average of 2 per run, while Chicago required an average of 3 per run.
This difference may be due to the airway configurations, the specific
samples used for the areas, or the superimposition of live radar. The
traffic load was roughly comparable 1ln all 3 areas, however. While
these measures are statistically important, the practical significance

of the difference appears to be trivial.

INTERACTIONS

There was a tendency toward interaction between trackers and modes
on two of the four major measures, misses and total manual actions.
This means that some trackers tended to make more misses in some modes
than 1n others and %o execute more manual actaons in some modes than
1n others.

No tendencies toward interaction were shown in the four major

measures between modes and areas, or between trackers and areas.



SUMMARY OF MAJOR MEASURES

While some statistically significant differences and strong tend-
enciles were shown 1n the major measures both with respect to comparisons
and interactions, it seems clear that none of these were of such a
magnitude as to lead to an overwhelming cholce of one mode (of those
tested) over others. It is posaible that this conclusion might change
1f a more stringent tracking problem were used to stress the systems

under test.

MINOR MEASURES

Thers were several subsidiary measures made which might lead us to
better understand the operations involved in the tracking situation.
What these measures do is enable us to subdivide the manual actions
into 1ts component partst symbol reposition, use of course and speed
inserts, and course and speed insertion by the track stick. From the
mode definitions 1t is cbvicus that the differences between the modesm
should be significant for thess three measures. However, 1f one examines
the data as a totality certain inferences can be made about the track-
1ng modes. (Refer to P. 7 for summary tables for the following analysis.)

We have seen above that the modes are approximately equal in track-
1ng effectiveness and in controller workload, as measured here by total
manual actions. We notice, however, that in Mode II where the trackers
were given the cpportunity to use elther the manual course and speed

inserts or the velocity stick, they predominantly used the tracking stack
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(34 times vs once were the average figures). Except, therefore, in

Mode III where 1ts use was mandatory, the manual course and speed 1nserts
Wwere hardly used; 1.e., an average of once or less per run.

On the other hand, we may examine the use of the stick for making
course and speed insertilons and for simple repositioning. In Mode II1
for instance, we see that the stick was used L9 times for simple
repositioning. By the definition of the moce, the use of the stick
was restricted to this purpose. The stick was also used L9 times in
Mode I, but by definition of the moce 1t could not be used for simple
repositioning. This 1s approximately 15 more times than 1t was used
in Mode II (3L) where the simple repositioning option was available.
This difference 1s probably due to the fact that there are times when
a s1mple repositioning action without a course and speed correction is
desirable.

It would appear, therefore, that manual course and speed inserts
would remain relatively unused i1n a system and that the provision of
a simple repositioning option would be desirable. However, 1t might
be well to provide a comparatively simple manual course and speed

1nsert to take care of occasional sharp turns and similar occurrences.



WORK 1.OAD MEASUREMENTS

MAJOR MEASURES

TRACKER EFFECTIVENESS TRACKER EFFORT

IDENT MISS | SEQUEN _Améiﬂ.{%{f

MODE I II | III I I | I11 I IT | IIT I ] II | III
TRACKER AREA

NEW YORK | 3 3 bl 19 Sl 13 Uk | 134 ] 129 29| 70| 63
CHICAGO 3 6 7 10 13 130 | 155 | 130 58 | 78 | 64
INDIANAPOLIS | 1 k L 6 L 1, 207 | 162 | 165 61| 66| 81
NEW YORK | 2 1 3 0 8( 10 168 | 159 | 141 L3 | 50 58
CHICAGO 3 2 L 10| 15| 10 159 | 128 | 105 5 | 57| 58
INDIANAPOLIS | 1 1 0 0 5 5 45 | 179 ¢ 172 Lo | 79| 76
NEW YORK | 3 ? 3 g 8| 10 140 | 125 | 140 L5 { 50 73
CHICAGO 5 b 12 | 15 17 158 | 155 | 1L8 L7 61 | 69
INDIANAPOLIS | 0 6 2 1| 26 117 | 158 | 172 L3 | 27 | 100

_17'[-



WORK LOAD MEASUREMENTS

MINOR MEASURES

TOTAL MANAUL STICK
GOURSE COURSE COURSE
INDEFPENDENT OR OR OR
SYMBOL SPEED SPEED SPEED
REPOSITION CORRECTION INSERTION CORRECTION
MODE I II I11 I IT }I1I 11 | 111 I IT | III
TRACKER AREA
NEW YORK| 12 27 35 50 L3 28 28 50 L2
A CHICAGO| o | 61 L1 58 | 17 | 23 23 58 | 1
INDIANAPOLIS| L 26 71 57 Lo | 10 3 10 57 37 0
NEW YORK| O 21 35 L3 29 23 0 23 43 29 0
cHICAGH] o0 | 30 35 5L | 27 | 23 5| 23 gL | 22 0
INDIANAPOLIS o | 3L 35 he | L5 | K1 o| 1 b9 | us 0
NEW YORK] © 1 60 L5 Lo 13 0 13 L5 L9 0
catcacd o | L | 63 w6 | s7 | 6 1| 6 L6 | 56 0
1iNDIANAPOL 0 0 76 43 27 2l 1 2l 43 26 0
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INTRODUCTIQN

This report concerns the second in a series of experiments study-
lng the values of semi-automatic radar tracking systems in air-traffic=-
control. A modified SRS-1 system built by Airborne Instruments Laboratories
for the Army Signal Corps was used in this study. The SRS~1 system
is an electronic rate-ailded tracking system which enables an operator
to maintain the peosition of a tracking symbol or gate over selected
radar targets. The basic controls are a tracking stick by which the
operator positlons the symbol and s velocity control by which the
operator controls the rate of symbol movement. Once the gate has
been placed on a target and the correct velocity vector inserted, the
gate wi1ll stay with the target unless ah abrupt change 1in heading
and/or speed 1s made by the target. Corrections to the velocity vector
may be made manually by means of course and speed dial inserts or
seml-automatically by the systems computer from the tracking symbol's
displacament. In addition tothe semi-automatic or rate-aided tracking
mode, automatic or track=while=-scan tracking can be performed.

A major benefit derived from this esquipment is the creation of
displays 1n which alphanumeric information is associated with particular
radar signals. Thils means that 1nformation such as identity, altitude,
destination, etc. can be displayed adjacent to the radar return of the

appropriate alrcraft.



PURPOSE

The first experiment of thils program studied the various modes
or methods of using the equipment to track targets. The major interest
Wwas the accuracy with which the tracking symbol could be maintained
over the appropriate target. In the present experiment the intersst
shifted to the actual control of aircrafi.

Two points of interest were investigated. The first question
studied was the effect on air traffic control performance of associat-~
ing alphanumeric information with each of ths radar targets over which
the controller exercised authority. Target i1dentity and some altitude
information were displayed on the scope with the targetj while flight
progress strips; containing additional information, were available
in a bay adjacent to the radar display. The appropriate flight strip
was i1ndicated by a light next to the straip which was i1lluminated
when the controllsr was leadered to the corresponding tracking symbol.
The above outlined situation was contrasted with that in which no alpha-=
numeric data were displayed on the scope. It should be carefully
noted that, even under these latter conditions, the controller was
better informed of aircraft identity than with the use of raw radar
aleone, since the flight strip associrated with a particular symbol-
target pair could be located easily. It should be realized, therefore
that a major advantage of the tracking system existed even in the mode

without alphanumeric data display.



The sacond question investlgated was manpower utilization in a
system composed of the same general type of equipment as the SRS system.
Systems of this type are particularly well adapted to remcte trackings
i.e., a system in which the tracking task 1s done by another member
of the system and the controller is only concerned with the control
of the aircraft. This configuration of personnel, it would certainly
seem, would lessen the controller‘’s workload considerably and enable
him to control more aircraft at the same level of effectiveness.

There is another aspect of this i1dea to be considered, however,
and that is the investment of manpower involved. To add one tracker
for every controller would mean about twice as many people 1in the
system, even though both types would not, 1n all probability, have
to be of the same training and skill level.

Consequently, there were two questions which could be put to
the test herex

1. How much 1s controller effectiveness improved by the addition
of a tracker?

2. (1ven the same number of personnel for the system, how should
the tracking and control functions be allotted?

The cholce made here was to investigate the second of the above
questicns. The alternatives studied were parallel versus serial
operation for the functions of controlling and tracking; l.e., in one
case a gystem was visualized in which all controllers did their own
trackings and, in the other case, a system was visualized in which
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half the personnel in the system performed the tracking function and
the other half performed the controlling fum tion. As the problem
is defined here, in both cases the number of personnel involved in
the system 1s the same.

The two questions listed above are very easily confused, and
since the conclusions with regard to the desirability of remote track-
ing are likely to be different depending on which question 1s invelved,
the distinction should be kept in mind,

In sum, four conditions were studied i1n the experiment:

1l. Scope alphanumeric information available - controllers acting
as own trackers.

2+ Scope alphanumeric information availakle = controllers not
acting as trackers, remote trackers provided.

3o No scope alphanumeric information available = controllers
acting as own trackers.

L, No scope alphanumeric information available = controllers
not acting as trackers, remote trackers provided.

The manpower utilization question was tested in the following
manner. Two teams, of two men each, were established in the two man-
power configurations of the study. The two men in each team were
assigned to different tasks. Given the same geographical area, in
one case the controller controlled all of the aircraft and the tracker
tracked all the aircrafty while in the other configuration each of

the two controllers was responsible for all tracking and all control
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1n only one half of the geographical area. Thus, the airspace and

the number of aircraft covered and the number of personnel used
remained the same while the manner in which the persennel were assigned
to tasks was the variable factor in the situation.

In the case of the alphanumeric variable, the two conditlons
contrasted were the availability and non-availabilaty of video-
displayed alphanumeric information. The alphanumeric information
involved was the identity, assigned finzl cruising altitude of the
departing aircraft, and current altitude of the aircraft posted in
2,000 foot increments. The controller had access to this alpha-
numeric 1nformation on every target, but he was not required to have
it displayed at all times. Normally all tracking }1dec data were
presented but the controller could temporarily blank all formats,
except the one connected with a selected tracking channel, by depress=

ing a switch on top of the track stick.

PROCEDURE
The experiment was performed at Airborne Instrument Laboratoriss,
Mineola, L. I., where the SRS equipment 1s located. Two consoles were

used in the experament, which may be designated as the Cs and C1

congoles. The conscles were generally comparable. Both consocles
had bright display tube scopes, and an adjoining bay of flight strips.
For simulation of aircraft, twenty 15-d-1C simulators were used.

The alphanumeric information was produced on the scopes by means of
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a television camera and a board on which aircraft identities and other
information was posted. A video mapper was used to display the New
York outbound alrway structure on each scops. The simulated problem
was superimposed upon a live radar picture of the New York arsa. This
procedurs introduced a large and varylng number of 'VFR' aircraft lnto
the problem and also variable amounts of radar clutter.

The traffic load consisted of an average of fifteen aircraft
simultaneously displayed on the scope. The problem concerned departuras
climbing out of the New Tork area. The departure rate was L2 aireraft
an hour with six overflight aircraft crossing the departure routese.
The New York area map was divided inte a North and South sectore. BEach
of the sectors averaged seven to eight targets at a time. The New
York area map was rotated ninety degrees meaning that the airways
ran north and south instead of east and west. This was done to lessen
the mutual interference among various targets' alphanumeric informa-
tion. Rotating the map resulted in less 1nterference because the
alphanumeric data ran from left to right on the scope face and; in
the case of the rotated map, it appeared off to the side of the air-
ways and not on them, as would have been the case 1f the airways had
run east-west. In an operational system of this type, such inter-
fersnce would not be a problem since arrangements for displacement of

the alphanumeric symbols would be readily available.



There was a total of sixteen L5 minute runs. Bach of the
permanent two controller teams oparated twice in each of the four
experimental conditions described above. The runs were performed 1n
random order. When the teams operated in the CC, or two controller
configuration, the same team member always handled the same geeographlcal
gsector. When the teams operated in the C-T, or controller=tracker
configuration, the zame team member always served am the tracker.

The use of the two available scopes was arranged as follows: During
the C=T runs, the scope used for the controller and for the tracksr
was varied so that esch team used each of the two scopes for the con-
trol function twice during the experiment in a randomly assigned order.
During C-C runs, both scopes were used for control purposes; and the
scopes were permanently asslgned to sectors. 1In both configuratlons,
each of the scopes was used equally for coantrolling.

All tracking was in the manual rate-aided mode. Machine com-
putation of velocity changes occurred when the controller repositioned
a tracking symbol and also operated a switch requesting recomputsticn
of velooity. Initial assignment of tracking channels was accomplished
by & simulated tower control poesition with hand-off of the targets
1o the simulated center contrcl positions. Thus all tracking channels

were started with flight plan direction and speed.



The design of the experiment 1s sketched belows

2 Controller Controllsr=Tracker
Configuration Configuration
Gontrel Control Centrol Control
Run # | Scope Run # | Scope || Run # | Scope Run # | Scope
1th Alpha- Cs Cs
imeric Team 2 and 9 and 10 G1 12 CS
nformation 1 Cl Cl
nd Flaght
trips Team 1 6 3 ¢ 13 G
S 1
2
light=Strips Team | 7 J 5 Cq 16 C
1
lone no 1
lphanumeric
nformation Tgam 11 15 L GS 8 Cl
v Y
16

A1l subjects were briefed on the purpese of the tests and the

definition of the experimental conditions before the experiment startod.

Insofar as possible, the subjects were isolated from the mechaniss of

simulation so as to minimize their exposurs to the details of the
traffic sample and to therartificislaties of the situation.

due to a shortage of support personnel, this point had to be compromised.

However,

It was found that two more men were needed in the simulatinr crew and

the only two men available wers the subjects whe were not working in

each run.




4 rule was mads that the subjects and support personnel were
not to discuss the experiment or the traffic sample. It soon became
apparent, howsver, that the subjects realized that they were getting
the same traffic sample every run, and that there was a considerable

learning sffect.

SYSTEM PERFORMANCE MEASURES
The followlng measures were taken during the experiments
l. Flight Maneuvers imposed on aircraft by A.T.C.
(a) Vectors -~ defined as heading clearances imposed by ATC.
All vectors were recorded. Thesse included vectors given for re=-identi-
fication turns, and to maintain separation.
(b) Altatude Changes - defined as altitude clearances
impeosed by ATC.
All altitude clearances were recorded. These included
altitude clearances te stop climb or continue climb, and clearances
to other than requestsd altitude.
(c) Holds = defined as holding clearances imposed by ATC.
A1l holds were recorded. These included 360° turns and normal hold-
ing patterns to avoid conflicts.
2. Conflictions
All conflictions were recorded. Conflicting aircraft were
those having less than 5 miles lateral separation and within 1000 feet
vertical separation. An unceoordinated crossing of sector boundaries

was also considered a conflicitlion.
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3. Communication Measurss

{a) Communication count = defined as the total number of
times the teams pushed the buttons on their head sets to talk during
each 45 minute run.

{by Communication Time = defined as the total length of
time 1n seconds the push to talk buttons were held down by the teams
during each 45 mimute run. This measure included both air-ground and
ground-ground comminication. Recording methods prevented separation
of the two message types.

L. Tracking actions

(a) Segquence Count - defined as the number of times the
teams pushed the seguence button to obtain a desired tracking channel
during each 45 minute run.

(b) Velocity Correction = defined as the number of times
the teams pushed the wvelocity correcticn button to insert a velocity
change i1n a tracking channel during each 45 minute run.

(¢} Tracking signal count = defined as the number of times
the teams pushed the button on top of the tracking stick to reposition
the symbol on the target during each L5 minute run.

(d) Insert signal = defined as the number of times the team
pushed the insert butteon to 1nsert a new course or speed into a track-

ing channel during each 45 minute run.
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(e) Change signal = defined as the number of times the
teams pushed the changs button to insert a new course into a tracking
channel during each 45 minute run.

(f) Re-identification = The number of occasions on which the
teams required re-i1dentification turns of an ailrcraft. The number

of actual turn vectors involved, is counted in 1 {a) above.

DEFINITION OF SUMMARY MEASURES

Several of the measures that were recorded were then combined
into 5 summary measures.

1. Tracking actions, the sum total of all the manual actions
performed by the teams in the course of each problem run. These con-
sisted of velocity correction count, tracking signal count; insert
signal count; change signal count, and the sequence count. HRe-identi-
fication occasions were dropped out because of the small count. How=-
ever, the vectors that made up these turns were included in the vector
count under control actions.

2. Control actlons, the sum total of all the actions used to
manuevar aircraft to provide separation. These consisted of vectors,
altitude changes; and holds. Thers were no holds recorded during the
problem to include 1in this measure.

3. Conflictions, as defined 1n previocus paragraph.

L. Communication count, as defined in previous paragraph.

S. Communication time, as defined in previous paragraph.

=11=



These were the § summary measures used in the analysis of the

experiment., Some mention 1s also made of the important sub-measures.

OBSERVATIONS OF VARIATIONS AMONG RUNS

A log was kept of all events occurring during the runs. During
runs L, 5, and 6 the 1live radar background went off several times.
In run 12 there were some missing targets in the middle of the run.
Also run numbers 12 and 13 were completed with the antenna rotation
rate set at 10 RPM instead of 5 RPM by mistake. This would change
the velocity correction computed by the equipment in tracking. Runs
12, 13, and 1) had unusual amounts of precipitation clutter which

might have had some effect on the data.

RESULTS

The basic data appear in Appendix A.

The analysis of varaiance was performed for each of the 5 summary

measures and some sub=-measures that were deemed important.

The significance of the 3 main variables and their three first
order i1nteractlons was examined. Seven statistically significant
results were found. The significance level i1s the probability that
one will 1ncorrectly state a difference exists, when none exists.

In this report, the .05 (or less) level was considered statistically
significant and the .10 level was considered deserving of some mention

as a trend indication.
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The significant results weret

1. Configurations differed in the average number of conflictions
ocecurring per run.

2. Configurations differed in the number of contrcl vectors (or
heading changes) given per run. This 1s a sub=-measure of control
actions.

3. Configurationa differed in the number of tracking actions per
run. However, when total tracking actions is further subdivided, it
is found that thls difference is due only to sequencing and not to
othar tracking actions.

L. Teams differsd in the number of conflictions occurring per run.

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

6. There was an interaction (which 1s to say the result is a
mutual or reciprocal action between the two variables} between con=
figurations and alphsmumeric condition with regard to freguency of
communications.

7. Qonfigurations interacted with teams with regard to the dura-
tron of communications.

There was some tendency for configurations to differ in the
number of control actions glven per run.

Configurations did not differ in communication frequency or
duration. None of the 5 summary measures showed any difference

betwaen the operation with and without alphanumeric informataicns



The following are summary tables for the above mentioned differences.

Average
Number

Conflictions

Tracking Actions

Control Vectors

Control Actions

Conflictions

Communication Count

Total Tracking Actions

Sequencing

Total T-A. minus Sequencing

Configuration
CcC CT#
1 3
710 858
35 27
| 38 30
#1 Teams #2
1 3
152 103
- Configuration
cc CT
710 858
351 L6
359 412

The remaining tables concern interactions.

Communication
Count

Communication
Time

+*
CC = 2 controller configuration

Configuration

ce CcT

Alpha 110 131

No Alpha 155 112
Configuration

GC CT
Team 51k 361

1

Tegm 438 LL0

.05
.05
.05
=10

05
201

.05
.05
Not

<01
=01

ﬂol

«01

#
CT ~ Controller=tracker configuration

~1)-

leveal
level
lavel

level

level
lavel

level
levael
significant

level
level

level

level



These data were normalized before analysis. The table entries
represent the values re-transformed into their original form. Themefore
the column or row averages are not necessarily the arithmetic average of
the entries in the respective row or column in the basic data table in

Appendix A,

DISCUSSION OF RESULTS

Configurationss

There were less conflictions and more vectiors given in the CC
econfiguration. Control actions, the sum of vectors and altitude
changes, tended to be greater in the CC configuration.

The difference in conflictions makes the CC configuration con-
siderably greater in effectiveness or desirability as a system. While
one would tend to say that the bsetier system was that which imposed
a lessernumber of control vectors, in this case the additional con-
trol vectors apparently had the desirable result of avoiding econflic-
tions.

In further analysis of the tracking actions, the sequencing is
found to have an amportant effect. With sequencing included in the
tracking actions, there is a significant difference between configurations.
With sequencing removed, there 1s no difference. Considering sequenc-
ing by 1tself, there is a significant difference between configurations
(»05 level). The CT configuration has an average of LL& sequences per
run while the CC configuration has an average of 351 sequences per run.
These 95 extra sequences per run in the CT confipuration are probably
dus to controller action to obtain necessary identity infeormatien for

aireraft under control.



In the CT configuration runs, by definition, one man does the
contrelling and the other does the tracking,and in most cases this
was true. However, in a few casss the controller did some tracking.
Considering tracking actions with segquencing removed (1t was not
possible to subdivide sequencing), in one run the controller performed
35 tracking actions and the tracker 276 tracking actions. In the
worat case, the controller did more tracking than the tracker
(Controller-23L - Tracker-109 tracking actions). Both of these cases
were runs by the same team in the no alphanumeric eendition. This
departurs from the definition of the configurations under study in
the experiment may have affected the resultse.

It should be noted in this connection that the CT configuratiom
was operated with the 2 scopses in parallel. This reant that when
the controller wished to re-establish identities of only 2 aircraft,
he had to assume tracking of all the aircraft. (Thus when this
occurred frequently, the tracker tended tec fzll behind. )

The fact that there 1s no interaction betwesn configurations
and either teams or alphanumeric condition 1s notable. This means
that the number of conflictions was smaller in the CC configuration,
regardless of which team was working or whether the men had or did
net have alphanumeric displays. Although the teams differed in the
mumber of conflictions they permitted; both teams allowed less con-=
flictions when they worked in the CC configuration.

It appears from the data and from observing the experiment that
the tracking task is much less difficult than the controlling task.
If a man 1s controlling eight aircraft, the additional burden of

tracking does not affect his performance in the same way as adding 8

~16=



aircraft to control and relieving him of the tracking task. This

ia further borne out by the fact that CT apparently was not able to

make as many control vectors as CC, possibly because of the overload.

Alphanumeric Display

The addition of alphanumeric data to the controller's display
apparently had no direct effect on traffic control performance as
measured by the number of control actions required or the number of
conflictions occurring.

The alphanumeric data had an effect on comrunication frequency
in the sense that it interactad with configuration. It wes found
that when alphanumeric data was availlable, less frequent communication
by the team members was necessary in the CC configuration as cpposed
to the CT configuration. Without alphanumeric data; however, more
frequent communication by the team members was necessary in the CC
configuration. It 1s noteworthy that the arrangement requiring most
communication (155) was the CC=No Alphanumeric combination. It 15
probable that this combination required a good deal of communication
merely to maintain identity.

We should note here that the communication frequency of which
wa speak includes both air=-ground and ground=ground communicaticn.

In any case, 1% has been found that these two conditions {configurations
and alphanumeric) affect each other with regard to the frequency of

communication required of members of the system. This fast should
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be kept i1n mind in future system design.

Teams

The differences between the teams of subjects used are of little
interest here. The fact mentioned previously that, regardless of the
difference between the teams in thes number of conflictions suffered,

both teams had more in the CT configuration 18 of some importance.

CONCLUSIOCNS

The most general conclusions of the study arew

1. The two centroller configuration can handle the same amouat
of traffic more safely than the controller=tracker configuration.

2. The presence of alphanumeric informaticn on the scops face vs.
an indicator light next to the appropriate flight strip as studied
here seems to bear little relation to system performance.

With regard to these coriclusions one should note that the experi-
ment was a fairly brief and limited one. O©Of even more importance is
the notation of the exact questions put to test here. In the case
of the configurations 1t should be remembered that the number of memn
was kept constant. In one case one man was conirollang about twice
as many aircraft as in the other configuration. The conclusion drawn,
therefore, does not mean that adding a man te act as remotes tracker
for a controller would not considerably increase the controlleris
capaclty. Also, from a practical point of view, the added tracker
might not necessarily have to be a qualified controller.

=]18=



In the case of the alphanumeric display feature, it should be
remembered that the alphanumsric data display was here added to a
system in which the associlation of radar signal and flight data was
already being accomplished to some degree by the tracking system.
This is gquite different from the raw radar situation.

In sum, it 1s evident that some further interesting guestions
regarding remote tracking and alphanumeric data display still remain

toe be studisd.
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Basic Data Table

APPENDIX A

CONTROL ACTIONS CONTROL VECTORS CONFLICTIONS
ce CT ce CT cC cT
Ry | By | Ry | Ry, R, | R, | By R, R, | R, | R R,
Y Lo | Lo | 36 | 16 34 | 36| 30 | 15 0 0 2 1
Alpha
T, 36 | 33 | Lo | 27 31 |28 |37 | 25 0 5 3 2
T, 38| 39 | 29 | 22 3b 139 |25 | 21 1 0 L 2
No Alpha
I, L3 | 32 | 3L | 36 LS | 31 | 33 | 27 3 2 9 7
TQTAL
TRACKING ACTIONS SEQUENCING
e o T ac cT
Ry | By | By | By BB | MR
Tl 709 | 752 38 | 803 322 | 298 | 366 | 3LL
Alpha .
T, 555 | 669 | 999 | 787 29 | 347 | 524 | L
Tl 688 | 683 | 90k | 662 36L | 293 | 593 | 319
No Alpha
| T, 767 | 856 | 9Lho | 831 456 | L3z | LB3 | sok
COMMUNICATION COMMUN ICATION
COUNT TIME
cq CT ce CT
By | By | By | By B[R | By | By
T, 12 | 146 | 151 | 155 Lo7 | 530 | 373 | 413
Alpha
T, 68 8L | 122 96 318 | LBD | Lé6 | 358
T, 195 | 176 | 145 86 550 | 490 | 390 | 266
No Alpha
T2 13, | 116 | 102 | 116 525 | 452 | LO5 | 531
CC ~ 2 Controller configuration T = Team

CT = controller~tracker configuration
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INTRODUCT ION

This report concerns the third in a series of experiments studying
the values of semi-automatic radar tracking systems In air-traffic con-
trol., A modified SRS-1 system built by Airborne Instruments Laboratories
for the Army Signal Corps was used 1n this study.

The SRS-1 system has been explained briefly in the Phase 2 config-
uration experiment report. Although the system 1s neither new nor
unique, 1t is more than adequate tc study the methods of tracking and
different scope displays to aid the controlling of aircraft in future
systems.

FURPOSE

The first two experiments dealt with modes of tracking and with
contrel of aircraft. In this experiment the evaluation shifted back to
tracking but not with respect to modes. A new type of track stick was
developed. The purpose of this experiment was to compare the new track
stick with the old.

The new stick has been named the force stick, because a force must
be exerted on the stick to cause symbol movement. Although the force
stick has very little physical movement in any direction, the symbol is
responsive to the force exerted on at. The track signal button, which
activates symbol movement, is located on the front of the stick, some-
what like a trigger grip. In operation, the track signal button 1s de-
pressed and a force exerted in any direction will move the symbol in ths
corresponding direction on the scope. Actually the track stick could be
called a rate stick since the amount of force dstermines the rate of

movement of the symbol. The new stick unit is designed so that the rate
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of symbol movement 1s directly proportional to the force applied. A
further refinement 1s a faster rate of symbol movement when the force
applied reaches a pre-set point. The parameters set up for this eval-
uation were- any force up to 3 pounds will produce a symbol rate of
.13 1n./sec/1b of force; from 3 pounds to 5 pounds the symbol rate
changes to .64 1n./sec/lb of force. The pre-set limit was 3 pounds.

The track stick used in the previous experiments 1s described as
the position or displacement stick. This relates to the fact that a
change 1n position or displacement of the stick causes the motion of
the symbol. The stick moves through an arc of about 120° 1in any direc-
tion and the symbol 1s responsive to this motion. The track signal
button on this model is located on the top of stick and must be de-
pressed for symbol movement. This pushbutton 1s a two level switch.

Under operating conditions, the track signal button 1s depressed
and a motion of the stick in any direction will move the symbol 1n the
same direction on the scope. The stick umt 1s so designed that the
distance the symbol moves on the scope 1s directly proporticnal to the
movement of the stick, Also incorporated in the device 15 a fine and
coarse displacement of the symbol. When the track signal button 1s de-
pressed to the first level, a full motion of the stick will move the
symbol 1", This 15 the fine position. In the coarse position, button
all the way down, the symbol will move 14". How fast the symbol moves,
the rate, 1s a function of how fast the operator moves the stick.

When velocity 1s inserted, through repositioning, the velocity
switch must be activated during the repositioning. When this 1s done

there is an additional 20 to 1 attenuation of the symbol rate or the
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symbol movement depending upon which stick 1s 1n use. Appendix A 1s a
further description of the track sticks.

The evaluation was to determine 1f the force-rate stick had any
advantages over the present displacement type stick. In this the main
interest was 1f the controller would be able to track the targets more
easily and faster with this new stick and thus leave mors time for the
actual controlling of the aircraft. Three expsriments wers completed

on this evaluation problem,

FROCEDURE

Two consoles which were designated as the CS and C, consoles were
used i1n the experiment. These two consoles were comparable with the
exception that the force-rate stick was installed on the CS console and
the displacement stick on the C; console.

For the similation of aireraft, twenty 15-J-1C target simalators
were used. In this problem, alpha-numeric information was not used.

A video mapper was used to display the Indianapolis airway structure on
each scope. There was no live radar used during these experiments.

The traffic load consisted of an average of 18 aircraft symiltane-
ously displayed on the scepe during the time measurements were being re-
corded. The problem was designed to run for 30 minutes. However, the
recording of the measures did not begin until the 12th minute when the
load reached 18 targets. Recordings were made until the load dropped
off, which occurred after 12 more minutes. Therefore, measures were re-

corded for 12 minutes i1in each run.



There was a total of 12 runs i1n the first experaiment. Each of
the 3 permanent trackers operated twice 1n each of the two experimental
conditions. The two conditions were the force-rate stick and the dis-
placement stick, The runs were performed i1n random order.

A1 tracking was in the manual rate-aided mode. Machine computa-
tion of veloclty changes occcurred when the tracker operated the wvelocity
switch and then repositioned the tracking symbol. Imitial assigmment of
tracking channels was accomplished by a similated tower control position
with hand-off of the targets to the simulated center control pesitions,
Thus all tracking channels were started with flight plan direction and
speed.

The design of the experiment is shown below:

Cg Console C1 Console
Force Stick Position Stick
Ry | B2 R1 | Rp
Tracker 1 79 6 | 10
Tracker 2 ; 11 2112
Tracker 3 3 E 5 1 8
12

A1l subjects were briefed on the purpose of the tests and the defi-
nition of the experimental conditions before the experiment started.

The three trackers used in this experiment were experienced men in
that they had been used in the previous experiments. Therefore, they
were quite proficient in the use of the displacement type track stick,
but did not have any operating experience with the force-rate sticlk.

In order to obtain valid data relating only to the characteristics of

_‘[‘__



the two track sticks, the learning factor should be eliminated as a
variable 1n the experiment. t would have been desirable that the
trackers be given enough practice to eliminate this factor. However,
due to the pressure of time, the practice runs were limited to 3 for
each tracker. For one of the trackers an added practice run was made
to improve his proficiency a little further. In the data for the meas-
ures taken during the practice runs shown in the Appendix, there was a
tendency toward leveling out, It was hoped that any more learning

would have a negligible effect on the results of the experiment,

Additional Experiments

In addition to the main experiment described above, two other ex-
periments were performed. The procedure for these 1s described below.

In the second experiment, the purpose of which was to make a check
on the effect of famliarity with the equipment, three trackers who had
no tracking experience with either tracking system were given six runs
in random order with the two sticks. ZEach tracker did one run with
each stick. It was discovered that these novice trackers were severely
handicapped (or felt that they were) in the use of the fine-coarse
switch on the pesition stick. The switch was modified, the data dis-
carded, and the experiment repeated. The three trackers were given
another six runs (one run with each stick) in randam order. An easier
problem than the one used with the expsrienced trackers was designed
for this experiment. This problem consisted of twelve targets on the
scope at all times. The scoring period here was twelve minutes as 1n

Experiment 1.



In the third experiment, a brief attempt to check on the data of
the first experiment was made. The experiment was repeated with three
trackers but without any replication. The same problem and scoring

procedures as in the first experiment wers used waith the same subjects.

SYSTEM PERFORMANCE MEASURES
The fellowing measures were talen during the experiment:
1. Misses -

The number of sweeps a tracking symbol was Woff®" the target., Be-
ing 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., Re-idents -

The number of times the tracker felt he had lost track of the tar-
get identities and would have had to call for 1dentity turns in an op-
erating ATC system. Since alpha-numeric information was not used in
this experiment, it was not possible to use a more objective method of
recording identity confusion. The tracker informed the observer of the
re-identifications. Upon examination it was decided to drop this data.
Analysis showed the measure non-significant in Experiment 1, not recorded
in Experiment 2, but significant between sticks in Experiment 3. Howevsr,
the Experiment 3 data on re-idents was so extremely lopsided as to raise
a suspiclon that there was an obsserver error.

3. Tracking Actions -
(a) Sequence Count - The number of times the trackers

pushed the sequence button to obtain a desired track-
ing channel during the 12 minute recording period.



(b) Track Signal Count - The number of times the trackers
pushed the track signal button to reposition the sym-
bol on the target during the 12 minute recording period.

(c) Velocity Correction - The number of times the trackers
pushed the velocity corrsction butten to insert a
velocity change in a tracking channel.

RESULTS
The basic data appear in Appendix B. The following were the results
in the track stick experiments-

Experiment 1:

1. Track sticks were not significantly different in velecity count,
sequence count, or track signal count. The miss count was not signifi-
cantly different for the two sticks, although there was a strong tendency
for the forece stick to have a greater number of misses. The difference
was reliable at the .90 lsvel of confidence, not gquite reaching the .95
level arbatrarily defined as establishing significance for this series
of experiments.

2. There were significant differences among the trackers (subjects) in
the experiment in the track count, velocity count, and sequence count
measures. The trackers did not differ in the number of misses, however.

3. The interaction of sticks and trackers was not significant.

Experiment 2-

In the experiment with the untrained or unpracticed trackers, no
significant differences wesre found between sticks or trackers in any of
the measures (misses, track signal, velocity count, sequences). It was

not possible to make a statistical test on the interaction,



Experiment 3:

No differences vere found significart in the third experiment

which was done with the experienced tracksrs. It was not possible to
make a statistical test of the significanece of the interaction between

sticks and trackers. The following are summary tables for the above

mentioned differences,

EXPERIMENT 1
Trackers
Avg., No. of 1 2 3
Track Count 170 125 137
Velocity Count 160 | 116 | 124
Sequences 276 | 190 | 203
Sticks
Force-Rate Position
Misses 160 126

INTERPRETATION OF RESULTS

In the entire series of three experiments, there was nsver a dem-
onstrated difference between the two types of stick in any of the meas-
ures of tracker 'workload', (track count, velocity count, sequences).

In the first experiment of the series, there was a strong tendency
for more misses to occur when the forece stick was being used. In this
case, the position stick averaged 126 misses per run, while the force
stick averaged 160 misses per run. There were 1,080 chances for misses

per run (12 minute runs, 18 targets at all times, 5 scans per minute.)



There are some general ideas which must be kept in mind in in-
terpreting the data from these tracking experiments. The first of
these 1s that because of the pressure of time it was not possible to
do exhaustive experiments; perhaps the results would have been more
conclusive 1f more replications had been possible. This 1s especially
true of the second and third experaments in which no replications were
made, This comment has special reference to the fact that 1t 1s possi-
ble that, wath more replications, the difference in misses between the
two sticks might have been statistically significant. Another fact
which this comment has bearing on 1s the matter of interactions. On
an observational basis and from an examination of the scores, it would
seem that there are considerable individual differences in the way
people take to these sticks. Although the test of interactions in the
first experiment did nd confirm this, i1t 1s possible that more data
would have brought this out more clearly.

Another general consideraticn which should be kept i1n mind 1s the
matter of practice. The controllers who acted as trackers in the farst
and third of this series of experiments were really quite highly prac-
ticed 1n the use of the position sticks., Although they were given
nractice sesslons i1n the use of the new force stick before the experi-
ment began, 1t could always be argued that this was not quite sufficient
to equalize the positions of the two sticks before the comparative test
began. The data from the practice sessions appear in Appendix B. Tt is
possible that further familiarization might have been advisable, if time
had permitted. Ancther approach to the practice problem 1s embodied 1n

Ixperiment 2. Experiment 2 used controllers who had previously used
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neither stack. The results with these fresh subjects again indicated
no difference between the two sticks in any of the measures. In thas
case 1t should be remembered that there was nc replication, so that
differences had te be large to be significant.

The thaird, and most important general consideration which should be
kept 1n mind in interpreting these data involves the nature of the system
with which we are dealing. There are two aspects to this thought: 1) any
conclusion about tracking sticks can apply only in the light of the re-
mainder of the systems studied, since the stick becomes an integral part
of the tracking system and interacts with the other components of the
system. A diagram is presented in Appendix A which sketches the major
elements of the system involved here; and 2) 1t must also be remembered
that espec2ally within the force stick arrangement a great many parametsrs
are capable of adjustment, for example the relation between pounds of
pressure and voltage displacement. It was necessary in this instance for
the experimenters to arbitrarily set some of these parameters after some
preliminary traals., It 13 believed that some fairly good settings of the
various parameters involved were arrived at in this manner. It should be
kept 1n mind as a caution, however, that other settings of these param-

eters could conceivably have yielded different performance.

CONCLUSIONS
From a statistical point of view, and subject to the interpretive
comments above, it 1s concluded that: 1) there were no differences between
the sticks in the tracking workload measures, and 2) there was an accuracy
differsnce favoring the position stack which was of high statistical rela-
ability. The subjects of the experiment expressed a strong preference for

the position staick. - 10 -



APPENDIZX A

DESCRIPTIONS OF THE TWO TRACKING
STICKS STUDIED IN THE SRS PROGRAM
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A. Position Staick

The transfer function for the controlled element 1s 90/(31 = k,
where 91 15 a position input. The stick 1s in neutral after each cor-
rection, so that corrections are always incremental. There are two values

for k, fine and coarse:

(a) fane. k = ~ .025 degrees/inch
(b) coarse- k = ~ .175 degrees/inch
B. Force Stick

The transfer function for the controlled element after +the
! K Ky

T + 1 VWhere 7 T
5 s

stick is Consequently, eo/bl = k/s where

91 15 a force i1n pounds and 90 1s measured in degrees/second or equiva-
lently miles/second. The force characteristic of the stick 1s deserib-

able in two linear segments as shown in Figure 1.

C, Summary

The two sticks, then, may be described as follows-

K
> Force —> T+ 1 >
s
N Position - k S5
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APPENDTIX B

BASIC DATA TABIE
DATA FROM PRACTICE SESSIONS
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EXPERIMENT 1

RE-IDENTS VELOGITY COUNT
Force Position Force Position
S bR N )
Tracker 1 3 1 A 3 163 | 137 167 | 174
Tracker 2 3 2 L 2 98 | 137 87 | 144
Tracker 3 3 1 2 1 138 | 126 116 | 117
TRACK COUNT SEQUENCES MISSES
Force Pogition Force Position Force | Position
Bl B | B BB R R BB/ B
Tracker 1 163|156 {172 | 189 272 1 267 | 278 | 287 | |130]118 | 136 | 104
Tracker 2 99 | 139 99 | 163 199 | 191 (195 | 175 170|198 | 130 | 160
Tracker 3 | 139 | 127 | 136 | 147| {171 | 206 | 174 | 259 162|184 82 | 1.2
EXFERIMENT 2
SEQUENCES MISSES VELOCITY COUNT TRACK, COUNT
Force|Position F P F P F P
Tracker 1 10, 158 9l | 52 91 | 60 91 | 80
| Tracker 2 169 140 60| 78 76 | 38 93 | 105
Tracker 3 159 177 76 | 76 96 | 83 103 | 84
EXPERIMENT 3
SEQUENCES MISSES VEL. COUNT TRACK COUNT RE-IDENTS
F P F P F P F P FIP
i
|Tracker 1 285 | 241 207 | 110 127 | 113 126 | 116 013
Tracker 2 228 | 284 1431122 126 | 101 123 | 152 015
Tracker 3 297 | 295 118 | 115 142 | 141 171 | 153 013
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SEQUENCES

MISSES

TRACK SIGNAL

VELOCITY COUNT

DATA FROM PRACTICE SESSIONS

Session | Session Session Session
Subject 1 2 3 4
1 178 233 279
2 149 164, 177 212
3 216 241 298
Avg. 181 212.7 251.3
1 T4 L8 49
2 67 69 61 66
3 68 55 L2
Avg. 69.7 573 50.7
1 100 144 134
2 142 96 104
3 141 132 1213
Avg. 127.7 124 120.3
1 20 138 133
2 bl 8l 111
3 82 117 118
Avg. 75.3 113 120.7
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INTRODUCTION
Tnis report concerns the fourth in a series of experiments studying
the use of semi-auntomatic radar tracking systems i1n air-traffic-control,
A modified SRS-1 system built by Airborne Instruments Laboratories for
the Army Signal Corps was again used in this study.
The SRS-1 system was further modifisd for this series of experimeni.s
so that new techniques and sub-systems maight be evaluated for pessible

use 1n future tracking systems.

PURPOSE

In this experiment the emphasis was again on the tracking of the
targets, Two modifications were made and 1t was planned to evaluate these
changes during this experimental period,

The first modification was related to flight plan information. There
1s the possibility of programming the computers, in the "ultimate' air
traffic control system, with flight plan information so that the tracking
gates would follow the target's intended path with some updating during
the flight. To check the addition of flaght plan information in this ex-
periment, a device was built to simulate a flight plan turn only. This
device was operated by the simulation crew, and they were able to turn any
of the tracking channels according to the programming of the simulation
problem.

The second modification to the egquipment to aid the tracking of the
targets 1s the tram-tab., This device controls the speed and the heading

of the traclaing channel by a four position sliding switch. Used with the

trim-tab control 1s a vector whach 1s displayed on the scope as a thin
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line starting at the symbol and showing at a glance the heading of the
tracking channels. In addition, the length of the vector is propertional
to the speed of the tracking channelg. For this test series, a vector was
displayed representing a one or two minute flight path prediction. (The
vector was slightly less than an inch in length.) The button is slid for-
ward to increase the speed and backwards to decrease the speed. By waéch—
ing the vector on the channel being Wirimmed" the operator can see the
vector 1ncrease or decrease i1n lengtn depending on the position of the
trim-tab button., In a heading adjustment, when the button 1s pushed to
the left, one can see the vector swing counterclockwlse showaing a heading
change in that direction. When the trim-tab is pushed to the right, the
vector and heading change 1s in a clockwise direction.

One good feature of this control is that the changes are made as scon
as the control 1s activated, while changes made by inserting velocity, when
repositioning the symbol, do not register on the scope until one sweep goes
by.

In summary, there were two modifications to be evaluated, trim-tabs
and flight plan turns.

The evaluation was to determine i1f the addition of either of these two
medifications would be advantageous to the controller; 1.e., would hais
tracking workload be reduced and his accuracy improved so that he could de-

vote more of his time to the important control decisions?

PROCEDURE
Trim-tabs with vectors were available on both conscles. The controls

were mounted on top of the force stick on the CS console. On the Cl corn-
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sole, the controls were mounted on the control panel in a readily accessi-

ble positaon. The displacement or pesition stick was installed on the €

53

1

console. The Cl console was used 1n this eXperiment for two reasons. It
was felt that the displacement stick would cause less variability in the
results because of greater operator experience in the use of this stick.
The other reason was that the trim-tabs controls were installed in such a
way that the observer was able to record the use of this device more read-
1ly on the Cl console than on the CS console,

For the simulation of aircraft, twenty 15-J-1C target simulators were
used., Alpha-numeric information was not used in this experiment. A video
mapper was used to display the Indianapolis airway structure on each scopes
No live radar was used during the experiment,

The traffic load consisted of an average of 18 aircraft simultaneous-
ly displayed on the scope during the time measurements were belhg recorded.
The problem was programmed for 25 minutes, The recording of the measures
began at the 8th mnute when the traffic load reached 18 targets. There-
fore, measures were recorded for 17 minutes in each run.

There was a total of 16 runs in this experiment. Each of the two ex~
perienced trackers operated twice in each of the four experimental condi-
tions. The four experimental canditions are as follows:

(1) Flight-Plan-Turns and Trim-Tabs + Vectors

(2) No Flight-Plan-Turns, Just Trim-Tabs + Vectors

(3) Flight-Plan-Turns, no Trim-Tabs + Vectors

(4) No Flight-Plan-Turns, no Trim-Tabs + Vectors
The runs were performed i1n random order., All tracking was in the manual

rate-aided mode. Machine computation of velocity changes occurred when the

-3 -



tracker operated the velocity switch and then repositioned the tracking
symbel.

Initial assigrment of tracking channels was accomplished by a simu-—
lated tower control position with hand-off of the targets to the simulateqd
center control positions. Thus all tracking channels were started with
flight plan direction and speed.

The design of the experiment 1s shown below.

Flaght Plan| Without Flight Plan
Turns Turns
By | By B By
Tram~Tabs Tracker 1 11 9 12 8
+
Vectors Tracker 2 6 1 2 L
Without Tracker 1 15 5 16 | 13
Tram-Tabs
+
Vectors Tracker 2 7114 3 10
16

A11 subjects were briefed on the purpose of the tests and the defini-
tion of the experimental conditions before the experiment started. Inscfar
as possible, the subjscts were 1solated from the mechanics of simulation
sc as to minimize their exposure to the details of the traffic sample and
to the artificialities of the situation.

The two trackers used in this experiment were experienced men 1n that
they had been used on the previous experiments, and were well trained in
the use of the displacement type track stick.

To further check on the trim-tab results a second brief experiment

was done, Two trackers were used; one of whom had also worked in the first
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experiment. Trim-tabs were compared to no trim-tabs and flight plan turns
were used throughout. The same problem was used and one repllcation was

made.

SYSTEM PERFORMANCE MEASURES

The following measures were taken during the experiment.
l. DMisses

The number of sweeps a tracking symbcl was "off" the target. Being
off the target was defined as when the center of the target was not en-
closed or touched by the "C" tracking symbol. These data were taken by
assigned observers.
2+ Re-identifications

The number of times the tracker felt he had lost track of the target
1dentaities and would have had to call for identaity turns 1n an operating
ATC syster. Since alpha-numeric information was not used in this experi-
ment, 1t was not possible to use a more objective method of recording iden-
tity confusion. The tracker informed the observer of the re-identifica-
tions.
3. Tracking Actions

(a) Sequence Count - The number of times the trackers pushed the
sequence button to obtain a desired tracking channel during the 17 minute
recording period.

(b) Track Signal Count - The number of times the trackers pushed the
track signal button to reposition the symbol on the target during the 17
minute recording period.

(c) Velocity correction - The number of times the trackers pushed the

velocity correction button to insert a velocity change 1in a tracking channel.
_.,5._



These measures can he considered workload measurements. In other words,
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e  An additional type of measure was taken as a check on the utility of

the equipment.. The number of times the men used the heading and speed fea-
tures of the trim tabs were recorded. Ohviously this could only be used as
an observation, not as comparative data, since the trim-tab count was avail-

able for only half of the experiment.

RESULTS - TRIM-TABS

The basic data appear i1n Appendix A.

The analysis of wvariance was performed for each of the 5 measures,

The significance of the 3 main variables and their three first order
interactions was examined., Eleven statistically significant results were
found. The sygrnaficance level 1s the probability that one will incorrsctly
state a difference exists, when none exasts. In this report, the .05 (or
less) level was considered statistically significant and the ,10 level was
considered deserving of some mention as a trend indication.

The significant results were:

(a) Trackers differed in all the five measures taken (track count,
velocity count, sequences, re-idents, and misses).

(b) TFlight Plan turns differed in velocity count and misses.

(c) Trim-tabs differed 1n track count, velocity count and sequences.

(d) There was an interaction (which 1s to say, the result 1s a mutual
or reciprocal action between the two variables) between trim-tabs and
trackers with regard to sequences.

The impertant results were;

(a) Flight Plan turns differed 1n track count.
— 6



The following are summary tables for the above mentioned differences.

TRACKER
Average

Number of 1 2
Track Count 113 175
Velocity Count 62 155
Sequences 180 302
Re-Idents 0 2
Misses 36 22

FLIGHT PLAN TURNS

With Without

f —————————
Track Count 128 160
Velocity Count 98 119
Misses 21 36
TRIM-TABS
Waith Without
P ——— ——

Track Count 126 161
Velocity Count a8g 128
Sequences 202 280

The remaining table concerns the significant interaction, indicating
that one tracker 1s aided more than the other through the use of the trim-

tabs.



TRIM-TABS

With Without
Tracker
1 154 206
Sequences
Tracker
2 248 355

These data were normalized before analysis. The table entries rep-
resent the values re-transformed into thear original form. Therefore, the
column or row averages are not necessarily the arithmetic average of the
entries i1n the respective row or column in the basic data table in Apper-
dix A.

In the second brief experiment on trim-tabs mentioned above, the re-
sults were that no differences between trim-tabs and no trim-tabs were
significant. This is a different result from that of the first experiment
where some workload measures were found to show significant differences,
While this may appear contradictory, the second experiment was less power-
ful statistaically than the fairst, and differences in such a case must be
larger to be significant., The results of experiment 1 are accepted here,
and the experiment 2 results discounted for the reasons mentioned abeve.

DISCUSSION OF RESULTS

Flight Plan Turns

The addition of flight plan turns to this type tracking systems is
apparently of assistance in tracking as measured by the number of tracking
actions required and by the tracking accuracy attained. Track count and
velocity count were both materially reduced when flight-plan-turns were

used. Most important, misses were reduced significantly.
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From these results one may conclude that with high density traffic
(as was used 1n this problem), keeping symbols on targets that are turn-
ing on different airways 1s one of the more difficult phases of traclang
aircraft. When this 15 done automatically with flight plan information,
there 1s a considerable drop in the worldoad of the tracker and the track-

ing accuracy 1S improved.
Trim-Tabs - With Vectors

From the results of this evaluaticn 1t 13 also apparent that the aa-
dition of trim-tabs with vectors will halp the tracker reduce his workload,
The use of trim-tabs with vectors considerably reduced the track count,
velocity count, and the sequences required for the tracking. There was
no apparent improvement 1in the tracking accuracy. Examination of the data
on the frequency of trim-tab use indicates that the speed trim-tabs were

used very infrequently.
Trackers

There was a difference between trackers in all the measures recorded,
Looking at this difference more clesely, 1t can be seen that 1t was the
result of the same subject (tracker No. 2) having a higher average number
of ecounts in those measures that can be considered the workload measure-
ments. These are track count, velocity count, and sequences. However, in
the analysis of the number of misses, tracker 2 averaged fewer misses than
tracker 1. From this, one can conclude that although tracker 2 did more
work throughout the problem, he got better results in keeping the symbol

on the target. Tracker 2 also averaged more re-idents than tracker 1.
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CONCLUSIONS
The post general conclusions of the study are:
(1) The use of Flight-Plan-Turns 1n a tracking system of the type
evaluated, improved the tracking accuracy and cut the workload involved.
(2) The use of Trim-Tabs with vectors also considerably reduced the

tracker workload but showed no effect on the accuracy of tracking.
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APPENDIX A
BASIC DATA TABLE —TRIM-TABS

TRACK COUNT VELOCITY COUNT
WITHOUT WITHOUT
FLIGHT PLAN [ 1o o0y FLIGHT PLAN | £/ 6HT PLAN
R, Ra R, R, R, R, R, R,
TRIM-TABS | TRACKER | as =1l 105 05 29 55 |5 76
+
VECTORS TRACKER 2| (54 142 ITO 160 132 toa 151 141
WITHOUT | rRacker 1| o9 B9 97 233 69 74 94 83
TRIM-TABS
+
VECTORS TRACKER 2 196 169 209 200 169 148 192 197
SEQUE NCES RE - IDE NTS
WITHOUT WITHOUT
FL“.;’.':,LNF;LAN FLIGHT PLAN FLIGHT PLAN | g |GHT PLAN
TURNS TURNS TURNS
RI RZ Rl RZ RI RZ |:tl RZ
TRIM -TABS |TRACKERI| 13g 156 177 150 o] 0 o] 4
+
VECTORS |TRACKER 2| 279 | 20l 266 | 247 2 2 3 0
WITHOUT TRACKER I| 206 | 182 193 | 242 0 o} 0 o
TRIM- TABS
VEC#ORS TRACKER 2| 386 | 338 | 360 | 338 3 I 2 2
MISSES TRIM-TAB USE
WITHOUT WITHOUT
F'-'G"'; PLAN | £ |GHT PLAN FL'?S;N';LAN FLIGHT PLAN
TURNS TURNS TURNS
R, R2 R Rz
R, R, R, Rz SPD[HD |sPD| HD|{SPD] HD [sPO] HD
TRIM-TABS |TRACKER! | 35 26 52 24 o|[35] o|2c]l 0 |34] 0|25
+
VECTORS |TRACKERZ2| 8 12 25 33 wljrolo | 7] 7 |ez2|17 |
WITHOUT  |tRpacker || a0 24 50 43
TRIM-TABS
+
VECTORS {TRACKER 2 14 i8 32 3z
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INTRODUCTION
This report concerns the fifth in a series of expsriments studyling
the values of semi-automatic radar tracking systems in air traffic control.
4 modified SRS-1 system bulld by Airborne Instruments Laborateries for

the Army Signal Corps was used and compared with a simulated VG scope.

i

PURPOSE
This experiment was designed to make a comparison between control

procedures and effectiveness i1n the SRS system and the present VG system.

EQUIFPMENT

The SRS-1 15 a semi-auntomatic radar tracking system, modified to
include display information and other aids to the controller. In this
experiment all of these aids were available to the controller to use as
he felt necessary during the problem. The display information included
alpha=numeric data, as well as course and speed vectors. The alpha-
numeric data was positioned next to the tracking channel symbol and
included the following: (1) aircraft identification, (2) present altitude,
and (3) origin and destination. This information appeared on three
lines. The controller had the cption of selecting whichever line or
lines he believed to be most helpful or none at all. The course and
speed vector was shown as a thin straight line starting at the channel
symbol. This vector was controlled by the trim=tabs as explained an
the previous report. It suffices to say that it gave visual indication

of course and speed of the tracking channel. With these vectors



conflictions were predicted within the same altitude by preojecting the
vectors 10 to 15 minutes ahead and checking for separation. Theem was
also a switch panel that enabled the controller to select those altitudes
he wanted displayed on the scope. For example, with gquite a few targets
and alpha-numeric data on the scope, the controller might want to know
which aircraft are at 5000 and 6000 feet. By throwing a couple of
switches all the alpha=-numeric information drops out except for those
targets at 5000 and 000 feet. This can be done for any altitude or
altitudes desired.

The other features of the SRS-1 that should be mentioned for review
are the course and speed inserts for each channel (to make adjustments
of channels 1f necessary) and the drop out of all alpha=numeric informa-
tion, except on the channel leadered to, when the track stick button
18 pushed.

There are many aids for the controller in the SRS-1 system, and
to control aircraft efficiently they must be used in the proper sequence
and sultable combinations. All controls and switches for these aids
must become an automatic function for the controller. Naturally this
takes time and practice.

The VG portion of the experiment was simulated by means of a 21W
flat=face TV tubes set 1n a console similar %o the normal VG scope. The
VG 1n use in most ARTCC's 1s a projection type of display and therefore
the 21" TV tube gave a much brighter picture. In fact the brightness
was approximately equal to that of the SRS tube. Flight progress strips,
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containing all necessary information, were available i1n a bay adjacent
to the radar display. The only aids in this system are the flight
progress strips and small plastic chips on which the controller 1s to

write the target i1dentities and keep them on the proper targets.

PROCEDURE
The experiment was performed at Airborne Instruments Laboratories,
Mineola, L. I., where the SRE equipment was located. Two consoles
were used 1in the experaiment. The SRS5-1 console used was designated the

CS console. This console was equipped with the force or rate type

track stick. The other console was a simulated VG console with a 21 inch
flat=face tube. Both consoles had an adjoining bay of flight progress
strips and bright display tube scopes. However, the SRS-1 had a 1L 1nch
tube while the simulated VG console used a 21 inch tube. This display
size difference should be remembered in interpreting the results. '
For simulation of aircraft, 15=-J=1C samulators were used. The alpha=-
mumeric information was produced on the SRS scope by means of a vidicon
television camera time sharing with the radar picture. The camera picked
up the information from a board upon which the aircraft identitaes,
altitudes, etc. were posted. The board was operated by the simulation
crew and updated according to the progress of the simulation problam.
When 1t came to developing the simulation problem, an chstacle
was encountered. This was due to the time sharing rate of the alpha-

numeric data display. Several tests were run using a 10 cycle per
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second rate for the alpha-numeric display. It was found that this
rate was unusable due to flicker. After about 10 minutes, the
operators experienced severe eyestrain. The alpha-numeric data,
therefore, had to be displayed at the more comfortable 20 C.P.3.
rate. However, the number of tracking channels that could be used
was reduced to 12 with the 20 cycle per second rate. It became an
exacting job for the simulation crew to produce and run a éifficult
simulation problem with only 12 tracking channels available.

A video mapper was used to display the Indianapolis airway
structure on each scope. The preblems were designed on this air-
way structure. The range of the display was set at 80 miles radius.
There was no live radar used in this experiment.

The traffic load consisted of an average of twelve ailrcraft
gimultaneously displayed on the scope. The simulation problems
consisted of flights through the Indianapelis ARTCC area. The
altitudes were restricted to between 9000 and 12,000 feet to make
the problem more diffacult.

There was a total of twelve L5 minute runs. Bach of the 3
controllers operated twice in each of the two experimental conditiions
(scopes). Two traffic samples were used. These were constructed
to be as comparable as possible. Both samples were programmed with

a minimum of B occasions for conflictions,



The measures were recorded for 45 minutes during each run. The
runs were performed in random order.

When using the SHS system; all tracking was in the manual rate-
aldad mode and controllers did all their own tracking of the targets.
Machine computation of velocity changes occurred when the tracker
operated the velocity switch and then repositioned the tracking symbol.
Initial assignment of tracking channels was accomplished by a simulated
tower control position with hand=off of the targets to the simulated
center control positions. Thus all tracking channels were started
with flight plan direction and speed.

When the problems were run on the simulated VG system, the con-
troller also did all his own tracking. Hand=off of targets was simulated
by a man sitting next to the controller, informing him of the identities
of the targets when they appeared on the display scope as the problems
progressed.

The design of the experiment 1s skeiched below.

Simulated VG SRS - 1
Problem Problem Problem Problem
1 2 1 2
Controller 1 12 11 T 1
Controllar 2 5 2 10 h
Controller 3 8 6 3 9
12




All subjects were brisfed on the purpose of the tests and the
definition of the experimental conditicns before the siart of the
experiment. Subjects had worked with the tracking features of the
equipment i1n the previous experiments. Controls for alpha-numeric
information and switches for the altitude selectivity display features
were relstively new at the time of this experimental perled; therefore,
the controllers were given some informal practice on all ths devices.
Unfortunately the time was short and they were only able to finash
two one-half hour test runs per controller. A longer period of practlce
undoubtedly would have reduced the wvariability of the experiment., This
period of testing was alsc used to get a smoother simulation operation
and acquaint the observers with all the measures to be recorded.

There was no practice on the simulated VG presentation, outside
of procedure explanatlons; because all the subgects had at least 2 years
experiance with VG type of presentation and control.

Insofar as possible, the subjects were i1solated from the mechanics
of simulation s¢ as to minimize their exposure Lo the details of the
traffic sample and to the artificialities of the situwation. Tt was
planned that the learning factor, as far as the problem was concerned,
would be reduced considerably through the use of two different (appearance)
but equal (traffic load) problems. However, as indicated in the Results
section, the problems were slightly different in diffaiculty.

As a further test of the learning factor and to test the repeatability

of the operators, the first two runs were re-run as the 13th and 1lhth
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runs of the test series. A comparison of these two sets of runs 1is
given 1n Appendix A. It 1s apparent from this data that the controllers
did not learn or memorize the problem and that they replicate themselves

readily.

SYSTEM PERFORMANCE MEASURES
The following measures were taken during the experimentt:
1. Flight maneuvers imposed on aircraft by A4.T.C.
(a) Vectors = defined as heading clearances imposed by A:T.C.
All vectors were recorded.
(b) Altitude changes = defined as altitude clearances imposed
by 4.T.C. All altitude cranges
except pilot requested altitude changes
were recorded.
(c) Hold - defined as holding patterns imposed by 4.T.C.
A1l holds were recorded. These included 360°
turns and normal holding patterns to avoid conflicts
2. Conflictions - defined as those aircraft having less than 5
miles lateral separation and within 1000 feet vertical separation. The
5 mile lateral separation stancard was chosen over the legal 3 mile
separation standard to make the control problem more difficult,
3. Aircraft off airways - defined as aircraft crossing airway
boundaries. This was seven miles on either side of the center line for

this problem.



4+ Communication Measures
(a) Communication count - defined as the total number of times
the controllers pushad the microphone
button to talk during each LS minute
run.

(b) Communication duration = defined as the total length of time 1in
seconds during which the micro-
phone buttons were held down by
the controllers during each 45
mimite run. This measure included
both air-ground and ground-ground
communications, and communicatlions
to simulate interphone conversa-
tions to adjacent towers and centers.

5. Confused identities at the end of problem - defined as the
number of 1interchanged identities and targets, caused by target merges,
gtc., at the end of problem.

6. Altitude change requests

This measures was introduced to put more realism into the simu-

lation problem and get an additional measure of the two systems.

There were seven such requests at various times in each problem.

The aircraft initiated the altitude change request. The time interval

between the end of the pilot's request and the end of the initial claarance



given by the controller was recorded by the observer. If the aircraft
wag not cleared to the requested altitude in the inatial clearance or
within 3 minutes of the initial clearance, the pilot would repeat his
request. This was done every 3 minutes until the pilot was cleared

to his requested altitude. The observer recorded all this data. The
data available were the time delays between the pilot request and the

initial clearance.

RESULTS

The basic data appear in Appendix A.

The analysis of variance was performed for each of the seven measures
as followss:

1. Number of conflictions

2. Altitude changes imposed by ATC

3« Vectors imposed by ATC

e Message frequency

5. Message time duration per run

6. Number of aircraft not redirected to airways

7. Number of control actions (the sum of altitude changes and vectors).

The experimental design allowed the testing of the statistical
significance of the following factors:

1. Differences between the SRS znd VG

2. Differences among controllers

3. Dafferences between problems



L.
5
6.

Interactions between controllers and scopes (i.e., SRS and VG)
Interactions between controllers and problems

Interactions between scopes and problems.

The fact that the experimental design allowed the testing of

these factors for sach of the seven variables listed above meant that

the total number of hypotheses which could be examined was forty=-two (L2}.

Of the forty=-two significance tests made, thirteen were significant

at the 95% level of'confidence. The significant results were as followst

SRS and VG differed ains

1.
2!

3

Alt1tude changes
Number of aircraft off airways

Message freguency.

Controllers differed ing

1.
2e

Je

Conflictions
Number of aircraft off airways

Message frequency.

Problems differed ins

1.
20
3.
L.

Control actions imposed
Vectors imposed
Altitude changes

Number of aircraft off airways.

There were significant interactions betwsens

1.
2'

3.

Controllers and scopes in number of control actions imposed
Controllers and scopes in number of conflictions

Scopes and problems in number of aircraft off airways.
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There was a tendency for the interaction between scopes and prob-
lems to be significant with regard to conflictions.

Observations of holds and confused identities were made, but these
occurred so infrequently that an analysis was not made. The data on
altitude change time delays were not distributed in such a form as to
allow analysis, even with transformation. Most delays were well waithin

two minutes.

DISCUSSION OF RESULTS

The present experiment was concerned with determining in which
aspects of system performance the operations of the SRS type radar
processing device and the VG type device were comparable or different.
There are many aspects in which the two equipments differ; and the
attempt was made here to determaine what effects, 1f any, these differences
had on some criteria of air traffic control performance. It should
not be necessary to recount in detail the aspeets in which these
equipments differ. Some of the major ones, however, are the size of
the scopes; e.g., the SRS has a 1l 1nch diameter while the horizontal
display 15 21 anches 1in diameters tracking in the VG system 1s done
with plastic chips and the information 1s handwritten on these chips;
tracking in the SRS system 1s done with a tracking stick and electronic
tracking gates. The identifying information i1s presented directly on
the display and 1t 1s not necessary to put this information on the

display by hand.
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With this braef review of the differences in the two equipments
involved, which have been discussed in more detail in other parts of
this report, we may proceed to an examination of the results.

A word about the criteria used i1s in order. The general rationale
behindé these craiteria i1s one most frequently used 1n connection with
the air traffic control systems; i. e., the familiar phrase which
states the objectaive of the air traffic control system is to move air
traffic 1n the safest and most expeditious manner.

On the basis of this raticnale, the most important criterion used
1s that of conflictions, which 1s 1n essence a euphemism for air
collisions. Subsidiary criteria involve expeditiousness; 1. .,
minimizing delays to the aircraft and changes of course and altitude
to the aircraft which might inconvenience them.

The other criteria used were not directly related to the objective
of the system. One of these was concerned with the amount of voice
communication required between the controller and the pilots of the
aircraft under control. It would be desirable to keep this to a minimume.
Another criterion applied was concerned with a task which controllers
probably are required to perform less i1n real operations than thay
were 1in these tests. This concerned notifying pilots when they have
drifted off the airways. DBecauss of the draft i1n the J=1=C simulators
this draifting off the airways occurred with some frequency. This
created an opportunity to score the controllers'! performance on the two
systems in this kind of task.

=12~



SAFETY

There was no significant difference between the two systems 1n
the number of conflictions which occurred between aircraft. There
was an average of approximately three conflictions per run in the
case of both the SRS and VG type systems. The computed averages were
3.1 conflictions for the VG system and 2.6 conflictions for the SRS
system. It 15 also notable that there was an interaction of sufficient
strength to be statistically significant between the controllers and
the systems. This means that scme controllers were able to control
more safely with one type of equipment while other controllers were
able to control more safely with the other type of equipment. This

1s 1ndicated by the average conflaction data appearing in the follow-

ing table:
CONFLICT ICNS
Cl C2 03 Average
Simulated VG i 2 3 3 (3.1)
SRS Y b 1 3 (2.6)
Average b 3 2

Cl = Controller 1
02 - Controller 2

03 = Controller 3
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EXPEDITIQUSNESS

Given the fact that the systems under study were equivalent with
regard to the safety they provided to the aircraft under their contrel,
praimary reference must now be had to the expeditiousness criterion. It
will be recslled that under this criterion, the better system would
have fewer delays and require fewer changes in course and/or altitude
of the airecraft in the system. In the current experiment, delays wera
studied. Only three holds occurred during the experiment and this was
wnsufficient data for any analysis.

With regard to the aircraft maneuvers occasioned by the ATC system,
the number of vectors given pilots per run was not statistically different
between the systems. The only statistically significant difference in
vectors which occurred was between the two traffic samples used (20 vs 28).
Both systems involved scored about 24 vectors per run, (VG 23.8, SRS 25.0).

The other type of mansuver involved was altitude changes. The
two systems did differ statistically in the number of altitude changes
imposed by the air traffic system. The VG type system averaged 8
altitude changes per run, while the SRS system averaged L altitude
changes per run.

Congidering both types of maneuvers in combination, as control
actions required by ATC, there was no statistical difference between
the two systems. There was however a statistical difference between
the two problems used. The interaction between the problems and con-

trollers was also significant. Examination of the control action data
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shows, however, that the i1mportant factor in both significant effects
was the high number of wvsctors imposed by Controller 3 when subjected
to Problem 2. In all other conditions equality existed between all
factors.

In summary, we have found that the two systems are approximately
equal 1n the safety they provide, that there are no differences in
the total number of maneuvers the aircraft must perform to obtain
this safety and that the two systems are equal i1n expeditiousness.

It should be noted, however, that the controllers resorted to altitude
changes as the separating tool more often when using the VG system.

With regard to the communications required between pilots and
controllers, communication was more frequent with the VG system (VG
averaged 130 messages per runj SRS averaged 11l messages per run).
Although the frequency differed, the total time duration of these
messages was not different. From a practical point of view, 1t does
not seem that 1t would be fair to say that one or the other system 1s
more demanding with regard to the communication load reguired within
the system.

The only criterion measure remaining for examination is that
involving the vigilance of the controllers in suggesting to pilots

that they return to the airway from which they have drifted. The

manner in which this was scored was that the observer woulc watch
for aircraft drifting off the airway and note whether the controller

caught this and informed the pilot of 1t. The times that aireraft
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drifted off airways and the controller did not inform the pilot of it
before the aircraft got more than seven miles off the alrway were
tallied. There were statistically different scores in this measure
between scopes, controllers, and problems. There was also a significant
interaction in this measure betwsen scopes and problems. The average

data are presen%ed in the following tables

CONTROLLERS
c, c, cy
Afc off airways 2 2 3
SCOPES
VG SRS
A/c off airways 2 Yy
PROBLEMS
Py Py
A/c off airways 2 3

SCOPES x PROBLEMS INTERACTION

1

VG SRS
Blia |36

A/c off airways- - - -
Py | 2 (2.3) | b (3.6)

Average (2) (3.5)
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Little 1nterest attaches to the difference in problems, controllers,
or the interaction between scopes and problems. The fact that the SRS
runs averaged L such events and the VG runs averaged two such events
may be of some importance. This could indicate that the controllers
were busier using the SRS system and so less alert in their vigilance.
This possibility would alert us to the danger of building systems with
so many options and features that the man becomes a "dial twister.m
On the other hand, a more probable explanation might be that the
operation of the SRS system requires less precccupation with the exact
physical location of the aircraft and the airways than the chip push-

ing operation on the VG scope does.

SUMMARY

In summary, then, the experimental data 1indicates some value 1in
the SRS system from the point of view of requiring less altitude
changes of the aircraft in the system. This might be a function of
the altitude selective display possible with the SRS system. This
may enable the reduction of unneceszary altitude changes. The fact
that more altitude changes werse required while using the VG type
display 1s probably due to the controller's changing altitudes on a
pre-planning basis according te strip estimates with the VG rather
than using the current altitude display in the SRS type display. There
is no difference in the communications required (of a degree to be

practically important) and, there is no difference 1in the controller's

~17-



ability to safely handle a traffic volume with the two systems. There
15 soma tendency on the part of controllers to let aireraft drifd
more off the airway when using the SHS system.

In interpreting these data, perhaps the most important general
conclusion 1s that there is very little appreciable difference found
1n this experiment between the two systems studied. This conclusien,
however, must be viewed 1in context. To begin with, the experiment
was of limited size and generality. It is rare that we can place a
great deal of reliance on an experiment consisting of twelve 45 minute
tests. Thls was primarily an exploratory study. This sort of experi-
ment forms a guide for policy decisions but should not be the exclusive
basis of poliey decisions. A further fact 1s that the SRS system used
here cannot be validly taken to be representative of all semi-automatic
ATC tracking and display systems. The particular piece of gear used
was a shop modified device in which the major effort was to more or
less simulate the features which would be available 1n later systems.
In doing this 1t was impossible to be very careful about arranging
the features of the tracking and display systems for the convenience
of the operator.

Another fact to remember 1s that this experiment considered a
controller working alone. If the experiment were done with several
controller positions where controllers required coordination, 1t 18
possible that the SRS system might have shown up more advantageously

because of 1ts special features for handling traffic between sectors.
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It 1s also necessary to point out that when questioned after the
experiment, the controllers who had operated the equipment expressed
the opinion that a system of the general type represented by the SRS,
but of an improved design, could give them an increased traffic handling
capacity of up to 20% over the VG type operation

Finally, we must remember a factor which 1s always with us in
ATC systems experimsntation. This 1s an art which 1s progressing
considerably, but has a long way to go. Parenthetically, the writers
feel that the present series of experiments has made some contribution
to the further development of ATC simulation technique by its employ-
ment of methods of experimental design and analysis even within the
limits of what wa% essentlally a crash program. Nonetheless, we
gti1ll suffer from a major problem in ATC work which has yet to be
solved and will probably never be sclved unless some basic research
on the problem 18 sponsored; namely, the criterion problem. In other
words, 1t 1s probable that our criteria have not been sensitive snough
to detect differences existing in the two systems. That the systems
do not differ in a global measure like conflictions should not come
as a complete surprise. Indeed, it is possible even in the case of
any dramatically improved system, the value of the system might not
be apparent through the measurement of confliections. It 1s, on the
other hand, probable that the major area of improvement will be in
reducing the stress under which the controller works. It 1s in thas

area that the criterion problem lies since it 1s possible that a
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dedicated controller can overcome any deflclencies in his equipment
through sheer effort. It 1s this effort which we are unable to
measure at this time. Finding a way to measure it is not going to be

an easy or quick operation.
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APPENDIX 4
Basic Data Tatbtles

SRS vs VG

ALTITUDE CHANGES

VECTORS IMPOSED

VG SRS VG SRS
P, | P, | P P, | P, P ;' B,
Controller 1 10 6 N l 3 21 26 22 19
Controller 2 9 o 5 3 18 27 2l 28
Controller 3 8 9 6 5 19 32 15 th;
MESSAGE FREQUENCY MESSAGE DURATION (SEC.)
VG SRS VG SRS Aj
[ !
Py P, Py P, Py B, Py 2,
Controller 1 | 127 '|116 , 110 | 97 387 | heo | 395 | Lol |
Controller 2 w6 | 175 139 | 138 Lol | 642 | 582 | L36
Controller 3 100 | 118 92 106 1 417 4L5 3oL Lh5
CONTROL AGTIONS
(Vectors + Altitude Changes) HOLDS
VG l SRS G SRS
P, | P P, P, P, P, P, | P,
Controller 1 31 32 26 22 0 0 0 0
Controller 2 27 33 29 31 0 0 0 1
Controller 3 27 L1 21 L7 0 0 0 2
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APPENDIX A
Basic Data Tables

Simulated VG -vs SRS

CONFLICTING A/C A/C OFF AIRWAY
VG SRS ' VG SRS
gL 01 o, 0, 0, 0, o, | oy
Cy 5 L 2 6 1 1
P, 02 2 2 g | 5 0 1 3
03 3 3 2 1 1 2 5
Cq L 4 L 3 2 2 3
P2 C, 3 2 3 2 2 2 g
C, N 3 0 1 N p) 5
|
P = Problem

0 = Qbserver
C = Controller



APPENDIX A

CAPARISON OF DATA BETWEEN RUNS 1, 2 AND RE-RUNS 1, 2

RUN RE=-RUN RUN RE-RUN

RUN 1 1 2 2
SCOFPE SRS SRS VG V3
PROBLEM 2 2 2 2
SUBJECT 1 1 2 2
A CONFLICTING AIRCRAFT

A = Observer 1 L i 3 1

B = Observer 2 3 2 2 1
B ATRCRAFT OFF AIRWAY

A = Observer 1 3 3 2 1

B ~ Observer 2 3 3 p 1
C HOLDS 0 0 0 1l - 2 turns
D - ALTITUDE CHANGES 3 7 6 6
E VECTORS IMPOSED

A = He-idents 0 0 g 0

B ~ Separation 1 15 16 18

C - Return to airway 5 7 11 13
F COMMUNICATIONS MEASURE

A =~ Frequency 97 Not 175 152

B « Duration (Sec) Lok Measured 6lL2 575
G TRACKING CONFUSION 2 0 1 0
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PURPOSE
To compars circles and dots for effectiveness as tracking symbols.
Statistical tests were run to compare circlas and dots as tracking
symbols with regard to two aspacts of effectivenessa
a. Target initial capturse

bs Velocity insertion.

TARGET INITIAL CAPTURE
Procedure
Ten targets were placed in the general form of a circle at various
ranges about the scope face. Subjects were instructed to acquire
these ten targets as rapidly as possible. Each of these subjsects did
three runs with circles and three runs with dots. The targets were
acquirad by placing the dots at the center of the targets; in the case
of the circles, the targets wers acquired by placing the symbols so
that the circle surrounded the center of the target. The measure taken
was the total time in seconds required to capture all ten targets.
Results

The following table presents the scores in seconds which were obtained.

DOTS CIRCLES
81 Cg
Operator 1 68 6l
70 52
82 76
Operator 2 83 7h
B89 66
76 50
Operator 3 76 57
67 54

Mean ?609 610_3




It can be seen from the table that a speed difference exists
between circles and dots. This difference 1s very reliable =statis-
t1cally (.002 level, sign test), indicating the conclusion would be
the same 998 times out of 1000,

In summary 1t 1s concluded that circles are significantly faster

for initial acquisition of targets.

VELOCITY INSERTION
Procedurs

Matching the target velocity wikh the tracking channel velocity
1s g very important aspect of tracking. The circle and dot symbols
were checked to see 1f the symbol had any effect on the speed or
accuracy of this velocity matching procedure. A test was set up which
measured the time 1t %took the subjects to adjust tracking channel speed
%o target speed. The channels were i1ntially set at speeds different
from the targets to be tracked. Four targets with associated track-
1ng channels (or gates) were presented to the tracker at the beginning
of each run. Each ftarget was going im a different direction; i.e., one
was golng east to west, one west to east, ons north to scuth, cne
south t6 north.

4 total of 16 runs was made. Each of the two subjects did four
runs with circles and four with dots; in two of these runs the track=-

ing channels were 1nitially =zet at 10C knots faster than the target,



and i1n twe of the runs the tracking channels were 100 knots slower
than the targets. All targets were about 300 knots in speed. The
subjeets were not given any of this information.

The design of this experiment was as follows:

CIRCLES DOTS
Replication 1 | Replication 2 |{ Replication 1 | Replication 2
Gates Gates Gates Gates
1 1 1 1
0 kts Bubject 3 3 3 3
Than 7 7 7 7
rget 1 1 1 1
Subject 3 3 3 3
2 5 5 5 5
7 7 7 7
1 1 1 1
)0 kts Sub ject 3 3 3 3
Less 1 5 5 5 5
Than 7 7 7 7
.rget 1 1 1 1
Subject 3 3 3 3
2 5 5 5 5
7 7 7 7
16

The runs were performed in random order. Observers were assigned to
racord the time and speed each time the tracker made a correction to
the tracking gate. The trackers weres instructed to make corrections
only when the target was completely cutside the oircle or when the
target was not in contact with the dot. Theses instructions removed

minor variations due to not centering the gate.
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VELOCITY INSERTION (Continued)
Results

The basic data collected in the experiment are shown 1n Appendix
A, Table 1. The figures shown are the times in minutes and decimal
porticns of minutes at which the trackers made adjustments 1n the
speeds. It willl be noted from the data that 1t was not possible to
start all gates out at exactly the speed called for in the design.

There was also some difficulty with the speed adjustment of the 15-J-1-C
target generators.

These difficulties were overcome 1n the data analysis in %he
following manner. The assumphtion was made that 1n all cases the
trackers had adjusted the tracking channels to within a very close
agreement with the true speed of the targets. Since the same targets
were always used with the same gates, the final gate spsed readings
were appropriately averaged to determime the true speeds of the targets.
Then, the fact that the gates were not set out at exactly 100 knots
greater than or less than the true target speed was overcome by
oxpressing all of the difference between the gate speeds and target

speeds 1n terms of a percentage of the true target speeds

Target Speed - - Gate Speed
Target Speed

Further analyses were done in terms of these percentages rather than

in absolute numbers. These percentages appear in Appendix A.

-l



These percentage curves were averaged 1n various comblnations,
and average curves for the important conditions of the experiment
appear 1n Figure 1 and Figure 2 in Appendix A. Since the speed changes
with time were in steps,; 1t was possible to determine the percentage
deviation at all intervening times. For 2-second increments the
percentage deviations were averaged for all sessions in which dots
were used, and for all sessicns in which circles were used. Since the
variabilaty within any given time interval was small, it was not
necessary to transform the percentages for averaging. The median
values were also plotted (Fig. 2, Appendix A).

An analysis of variance was performed to examine the effect of
the major variables in the experiment. The performance measure chosen
for analysis was the time at which the subject had been able to adjust

and maintain the gate speed to within 10% of the target speed. These

times are shown in Table 2. Table 2 was used in the analysis of wariance,
after use of a logarithmic transformation to normalize the data.
The variables studied in the analysis of varlance were as follows:
1. Symbol types (circle vs dot)
2. Initial target - channel speed relationship (i.e., gate
initially 100 knots faster than target vs
gate initially 100 knots slower than target)
3. Trackers (subjects)
4. Channel-target combinations (1.e., the specific J=1=C targets

and SES-1 tracking channels used in combination out of those
available).

—5



The analysas of varjance of the data on the time s at which the
subjects got and kept the gates within 10% of the true speed indicated
that there was no difference between the circles and dots as tracking
symbols. Simllarly, there was no difference in the adjustment tims
depending on whether the gate was inmitially slower or faster than the

target. HNeither were any of the two variable interactions significant

(6.g-, 1n1tial speed X circles-dots).
There was a statistically significant difference among the channel-
target combinations. The average times for the four channel-target

combinaticns are ss followssg

TARGET-GATE COMBINATIONS

#1 #3 #5 #7

Time to adjust
speed to within 2.13 2.11 L.24 3.07
10% of true tar-
get speed (minutes)

This may reflect some defect in 2 of the tracking channels used.

Two of the four 3-variable interactions were significant, 1.es; subjects
by target=channel combinations by symbol types, and, initial channel-
target speed relationship by target-channel combination by symbel
types. However, these higher order interactions have no practical
significance.

It is concluded that there is no difference between circles and
dots as tracking symbols as concerns the effectiveness of velocity

insertions



APPENDIX A

Table 1 Basic Data

Subject 1/Circles
Subject 2/Circles
Subject 1,Dots
Subject 2/Dots

Figure 1

Average Error Between Target and Gate
Dot Type Gate
Circle Type Gate

Figure 2

Median Error Between Target and Gate
Dot Type Gate
Circle Type Gate

Table 2 Date on Arrival Time at 10% Point

5
[11]

ON) o)

11

12

13



Gate Speed
100 Knots
Less Than
Target Speed

Gate Speed
130 fnota
Greater Than
Target Spesa

Table 1

BaSIC DATA
Subject 1/Circles

Channel #1 Channel #3 Channel #5 Channel #7
TS 286 TS 286 TS 252 TS5 252
Gate TS=-G5 Gate TS-G5 Gate TS-GS Gate TS-GS
Time Speed TS-G5 TS Time Speed TS-G3 18 Time Speed T5-G5 TS | Time Speed TS5-GS 1S
000 150 96 33 0Co 200 84 310|000 190 62 25| 000 190 62 25
075 210 76 27| 075 230 56 19| 1 00 200 52 21| 113 =220 iz W13
150 300 1, 05| 2 25 260 26 ag | 175 220 32 13| 2 58 230 22 09
L 00 230 [ 02| L 00 260 26 052 33 230 22 05| 3.h2 Loo 148 59
775 2%0 L c1| 5 00 290 L 0L|3 08 2450 12 05| 375 2o 12 05
8 00 290 L Ccl| 6 25 300 1l 05|y 25 250 2 015 13 260 8 03
A 00 300 14 o5 |5 00 250 2 01| 7 10 250 2 0l
6 25 260 8 03| 8 00 250 2 .01
7 50 260 8 03
o0 190 ) 13| 000 200 86 .30| 000 190 62 25| 0 00 190 42 W25
050 210 74 27| 030 2Lo L6 156|075 200 52 21| 091 220 28 11
L33 250 35 12|11 33 2ko L6 _6]150 220 32 13175 =250 2 01
350 250 36 12| 2 00 270 16 0512 25 230 22 0% 3 L2 240 12 05
L 08 280 8 02( 3 50 250 é 22325 210 12 05| 3 91 290 38 15
€25 270 1t .05 5 15 280 6 a2 | L 50 #50 2 01| L SR 230 22 09
7T 50 230 i oL| 5 5¢ 30 1y WL 50 260 8 0315 55 250 2 o1
8 co 290 b o1 7 50 230 36 121 o 75 260 A 03| 6 61 270 18 07
R co pé0 25 colt 48 270 18 o7
RGO 270 18 o7 |8 co 270 18 o7
Crarmel #1 2 annel #3 Chanmel #5 Channel #7
TS 286 TS 246 T8 296 5 257
Gate _5-C8 Gate TS-45 Gate TS-GS Gate T&E=G33
Tane Speec TS=3S 18 Tite Sueec 25-C5 I8 | Taime Speed TS-GS TS Tire Speed TS-G5 15
020 40O 1Lk Lol o CCow2g lsa L7y oo Leo 11k uo| 0 oo Loo  1LR 5%
050 360 7L 26| 0 Lu 3RO oL 33| ¢ =6 3BC oh 33| 0483 330 78 3l
_ 08 290 b Cl| 1 uvd 300 1 cs| - Ll 372 al 2%| 1 50 250 2 o5
2 "3 270 1~ o5 2 bl 350 &y 22| 2 00 320 4R 27
725 270 14 05 300 LD h 15| 2 80 270 18 o7
730 270 16 05| ¢ 20 3L 1y 05| 5 o6 3L0 5L 15| 5 16 250 2 01
A CO 270 14 05| ® 0C 30C 1y o5 L 5B 320 34 2| 7 3 230 22 0%
s 75 310 2k 08| 8 0O 230 22 09
575 310 2y od
775 300 1 o5
8 co 3co 1 05
000 Loo 11L Lol o oo k2o 134 L7l 000 koo @114 LO| 000 40O 148 ce
058 350 8l 224 058 340 5L 13| 0 83 390 10k 36| 0 92 34O A3 35
141 300 1 o5 1 L1 310 24 081241 370 AL 29[ 1 50 250 2 c1l
2 LR 27C 16 65l 2 30 290 I 01| 2 25 360 74 26| 2 33 270 13 o
500 270 14 5] 6 41 280 5 02| 2 g2 350 &l 22| 317 280 8 03
&1 270 1% Q5| 7 75 280 & g2| 3 50 340 54 19| 5.8 250 2 a1
& 00 270 16 os| 800 280 ) gz| L so 330 b 15( 7 08 260 8 03
gl 320 L 12| 8 c0 260 8 03
6 81 310 24 joli
8 0o 30 14 o5
NOTE1 T = true target speed

G5 = gate spead




Gate Speed
100 Xnote
Less Than
Target Speed

Gate Speed
100 Knots
Greater Than
Target Speed

Table 1 (Continued)

BASTD DATA
Subject 2/Circles

Channel #1 Channel #3 Channel #5 Channel #7
TS 285 TS 286 TS 252 TS 252
Gata TS=G5 date T5-GS Gats TS-05 Gate TS-GS
Time Speed TS5=-G5 TS Time Spead IS-GS TS Time Speed TS-GS TS Time Speed TS=GS IS
000 190 94 J23|ooo 210 76 277|000 190 &2 25 lo oo 190 62 .25
183 210 76 27 |0 92 230 5é 19112 210 L2 A7 |1 b2 210 L2 .17
375 220 65 23225 200 L6 16 | 2.58 220 32 13 |3 53 220 32 13
L.92 260 26 09 | L 25 260 26 09 |L.5L 2LO 12 .05 |6 b2 230 29 09
616 240 L6 166 25 270 14 05 |6 33 250 2 01 (8 00 230 22 .09
7 25 290 L c1| A oo 270 14 .05 |8 00 250 2 oL
8.00 290
000 190 96 33|00 00 200 8s .30 | .00 1590 62 25 | 0.00 150 &2 25
100 190 96 33125 230 S6 1911 37 210 L2 17 |1 66 200 Bt 21
200 250 36 12 |3 58 260 26 092483 220 32 13 | 3.13 22¢ 3? 13
333 2%0 L 01|5 58 270 16 05 1L Jo 230 22 095 95 2Lo 12 05
5 50 270 16 05800 270 16 .05 ]5.33 250 2 oL[8 00 4o 12 05
5 oo 270 16 05 18 00 250 2 01
Coa waal #1 Cuainel +3 Gnauvael #5 CLaunsl ¥y
TS 2°4 TS 286 TS 286 TS 252
Gate 15-G5 Qate TS-GS Gate T5-GS Gate TS -GS
Time Speed TS~0S5 TS Time Spead TS=GS TS Time Speed T5=0S TS Time Spoed TS-GS T8
000 390 10k 36000 Loo o 1n Jolc.0a 330 loL 36| 0,00 LCO 148 59
.50 340 ol 19 |0 66 330 Ly 15| 0 c5 380 o Ja|e 57 320 &8 #27
125 270 16 0512 42 330 inn 15 |1 15 360 7h 25 11.25 330 78 31
2 16 270 16 .05 (358 320 ak 12 | 2.32 3Lo sk .19 | 1.75 210 L2 17
510 270 16 05558 320 3k 12 | 3.66 320 1L Jd2 |3 97 220 32 «13
8.00 270 14 05 |7 66 300 i) 05 |3 80 300 N 05 (&6 08 2LO 12 .05
B.00 300 1 05800 300 14 .05 | 8,00 240 12 .05
0.00 LOO 11, Lo|(o oo 3s0 104 36 | 0.00 390 1oL .36 |0.0c Loo 148 5%
0.58 300 1 JO5 (075 320 34 12 | 0.87 370 Bl 290,97 300 L& 19
L 17 =280 6 02 |2 00 300 14 05 |2 20 340 cl W15 | 2.50 260 8 03
800 280 é ce|8o00 300 14 205 |37 320 3 12 |4 93 250 2 0l
6.13 300 1 W05 17 20 250 2 01
8.00 300 1 05 | 8.00 250 2 1}
NOTEr TS5 = true target speed

GS = gate apeed




Gate Speed
100 Knots
Less Than
Target Speed

Gate Speed
100 Knots
Greater Than
Target Speed

Table 1 (Contanued)

BASIC DATA
5ubjeet 1/Dots

Channel #1 Channel #3 Channel #5 Channel #7
TS 286 TS 286 TS 252 5 252
Gate T8-GS Gate T5-GS Gate T5-G§ Gate TS-35
Tame Spoed TS-GS “T5 | Tame Speed TS-G5 T5  |Time Speed T3-GS5 15 | Time Speed IS-G§8 T5
000 190 96 331|000 200 86 30 |ooo 1m0 72 26| 0 00 190 &2 25
108 20 L6 L6 |1 08 260 26 09 |1 25 210 L2 17|11 36 210 L2 17
2 ke lpo 1z 13| 2.50 270 14 o5 (2 80 230 22 051178 230 22 .09
1.50 Loo  1lhL Lo | L 31 280 é 02 |L 60 250 2 0L|5 38 2Lo 12 .05
L33 290 b 01|46 08 2%0 i 0l | 625 280 8 G3 | 7.h2 240 12 05
700 290 I\ oL|8c0 2% L 019 0o 250 ) 03| 800 250 2 01
8 00 290 L 1
0 Q0 1%0 9% 33[ooo 190 06 3310 00 190 62 250 00 1e0 62 25
058 210 78 27 [0 58 130 156 S5 10 S8 190 62 25| 0 66 200 52 21
150 250 34 12 |1 08 190 94 33117 200 s2 21| 120 220 32 13
175 240 Ls 16175 2u0 L& 16 1175 200 52 21| 2 00 260 8 03
275 250 35 12275 270 15 05 |2 17 220 32 13317 250 2 ol
3 50 280 26 0943 50 330 Uk 15 )2 83 230 22 a9 | A 00 250 2 0l
5 00 270 14 05 (5 33 330 e 1513 83 2Lo 12 a5
717 270 16 056 08 290 L 01 {4 75 2ko 12 05
B 00 270 16 0517 33 250 L 01L]5 50 240 12 ag
A 00 250 L o1}6 33 250 2 a1
75 250 2 01
7 75 260 8 .03
900 260 8 03
Chan=el #1 Channel #3 Craanel A5 Channel #7
TS 236 TS 286 TS 295 TS 252
Gate T5-GS Gate T5-GS Gate TS-GS Gate TS~GS
Tira Spred T5-05 TS Time Speed T5-GS TS Tire Speed TS-GS TS Time Speed TE-33 TS
000 hOoo 114 L.0|ooo b20 134 L7000 Loo 11k holooo yoo 148 5g
250 350 6 22 110 370 8L 29 |1.08 3850 9k 33120 370 1.8 L7
3.75 330 L 1512 50 370 AL 29 (217 350 7L 262,33 27C 13 o7
4 50 300 i1l 05  Ll.50 290 L 01| 2.92 350 6l 22| 4,00 250 2 01
6 D0 260 26 0945 00 310 2l 0313 8 1330 Ll 15| 5 16 250 ? 0l
466 270 16 0- 1400 290 L 01593 310 24 08| 608 250 2 01
7 00 290 L 01 | 8.c0 290 L 017 L1 300 1 o5 | 8,00 250 2 o1
9 00 290 " 01 A oD 300 1 og
cco 390 1ol 386|000 1o 1oL Lijooo 390 10L Jé|o oo oo 149 59
G 5¢ 320 34 12 | ¢ 50 370 L 29 | C.58 390 104 36| 0.75 370 114 L7
2 00 300 1 o5 |1 25 350 &l 22 |1 L2 380C oL 331150 300 48 19
2 42 250 35 12 |2 oo 31w 2k c8d |2 66 360 74 26| 2 50 270 18 o7
IL2 270 16 oS |4 k2 310 2], 06 |3 &6 350 &l 221375 250 2 oL
625 270 14 .05 [ .25 310 2l oA [k 33 3o 5l W9 L 85 230 2 01
A 00 270 15 05 |7 00 310 2l 08 |5 25 320 34 12 (531 270 19 o7
7 08 300 il 05 |5 83 310 2) 08
800 290 L 0L |8 op 310 2 08| 8 oo 270 18 o7
NOTEs TS - true target aspesd

G5 = gate speed




Gate Speed
100 Knots
Less Than
Target Speed

Gate Speed
100 Knots
{reater Thano
Target Speed

Table 1 (Continued)

BASIC DATA
Subject 2/Dots

Channel #L Channel #3 Channel #5 Channel #7
TS 2R& 75 2868 TS 252 TS 257
Gate TS-GS Gate TS5 Gate TS5-GS Gate TS5~-GS
Ting Speed T5-GS TS Time Speed T5-G5 TS Time Speed TS5-G3 TS Time Speed TS~GS TS
000 190 96 33|000 200 A6 3I0|000 190 62 .25 |0 00 190 &2 25
033 210 76 27050 220 86 231105 200 52 2111 07 220 3z 13
108 280 & 02117 260 26 09183 210 A2 17 [2.03 2L0 12 o5
L k2 2L0 Lé 16 |4 &7 260 26 09 |3 k2 =230 22 o9 [3 85 2Lo 12 05
5 58 260 26 9|5 75 270 16 06 | b 87 230 22 .09 |6 72 2RO 2 01
6 hz2 240 26 Ce 675 280 [ 02 613 240 1?2 g5 |A 00 250 2 o1
8 00 260 26 05 | R.O0 280 é oz [B oD 25D 2 0L
0 00 200 86 3Q | 0.00 200 g6 30 |0 0o 1%0 62 25 |0 00 200 52 21
183 210 76 27 |1 92 220 66 23 |2 02 230 22 09 [150 240 12 o5
3.16 260 26 09333 260 26 09 |4 83 250 2 0L 387 240 12 .05
6 15 260 26 o096 33 290 L 0l |6 15 25G 2 01800 24,0 12 o5
5 00 260 2% 09800 290 ) 01 (A oD 250 2 o1
Channel #1 Channel #3 Channel #5 Channal #7
TS 286 TS 286 TS 204 T8 252
Gate T5-05 Gate TS-GS Gate TS-GS Gate Ts-GS
Tims Speed TS-05 T5 | Time Speed T5-GS T3 | Time Speed TS-GS IS | Time Speed IS-G5 T8
00 Loo 11 Lo(o oo 390 1ok 356|000 390 104 36| 0,00 350 138 +55
116 360 7 26 |0 67 270 16 06 { 0.97 300 U 05 | .07 290 38 15
2 50 300 il a5 183 270 16 0512 07 360 7h 26 (2 20 290 38 15
5 L2 290 U ol| kL oo 280 & c213 33 330 LL 15 | 3.75 250 2 a1
A.00 290 L 01| 650 280 6 oz |L75 320 34 12 (510 270 18 o7
A oD 280 5 02 16,75 300 14 05 (7 15 260 a 03
8.00 300 14 Q5 | B 00 260 8 .03
000 3%0 104 36| 0.00 L2013k L7 0,00 350 18Y «J6|0.00 oo 148 59
050 260 25 09 |0 66 300 1, o5 128 370 84 2% | 0.97 360 1lo8 213
2.33 270 16 0612 66 290 H 0l |2 95 330 Ly 15 |2 07 350 98 39
800 270 15 Q0615 16 300 14 05 (L 72 320 kM 12 | 3.20 320 4B 27
AR 00 300 1 05 | .53 3Q0 i 205 | 4,33 260 B 03
8 00 300 1 W05 | B.00 260 a .03
NOTEx TS5 = true target speed

G5 = gate speed

- 10 -
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Table 2

DATA ON ARRIVAL TIME

AT 108 POINT
CIRCLES DOTS
Rl R2 R1 R2
Gates | Time Gates | Tame Gates T1ime Gates Tima
1 1.50 1 L.08 1 L.33 1 3.50
51 3 2.25 3 2.00 3 1.08 3 6.08
Gates 100 kts 5 2.33 5 2.25 5 2,60 5 2.83
Greater Than 7 3,75 7 .58 7 1.78 7 2.00
the Target
Speed*
(L,00) 1 7.25 1 3,33 1 5.58 1 3.16
g2 3 }y.25 3 3.58 3 1.17 3 3.33
5 L.5h 5 130 5 342 5 2,02
7 6.0L2 7 5.95 7 2.03 7 1.50
Rlnm R2 Rl R2
Gztes | Time Gates | Time Gates Time Gates Time
1 1.08 1 1.1 1 .50 1 3.42
g1 3 1.08 3 1.h1 3 L.50 3 2,00
Gates 100 kts 5 5.75 5 6.83 5 5.83 5 5.83
Less Than th 7 2.:80 7 1-50 ? .].1000 ? 2'50
Target Speed
(20C)
1 1.25 1 0.58 1 2.50 1 0.50
52 3 7.66 3 2,00 3 0.67 3 0.56
5 |5.80 5 (613 || s 6.75 5 6.53
7 6.08 7 2.05 T 3.75 7 L33

ﬂTarget Speed Approximately 300 Kts
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