TECHNICAL DEVELOPMENT REFORT NO 405

EYALUATION OF A TV MAT XER
FOR RADAR HAMDOFF

FOR LIMITED DISTRIBUTION

by

Elhiott A McCready

Russell M Andrew

Naviga tion Aids Evaluation Division

L] r
ehy Apnl 1959

FEDERAL AVIATION AGENCY
NATIONAL AYIATION FACILITIES EXPERIMENTA! CiNTER

Atlantic City, Hew sey



EVALUATION OF A TV MARKER FOR RADAR HANDOFF
SUMMARY

In order to expedite radar departure transfers, or handoffs,
between control towers and Alr Route Traffic Control Centers, & television
marker for radar handoff developed at the Technical Development Center was
installed in the Indianapolis Control Tower and Indianapolis Air Route
Traffic Contrel Center for evalustion. The marker, consisting of en elec-
tronically generated circle, was displayed on scan-converted radar monitors
operated from the control tower ASR-2 radar, and was movable over the en-
tire radar display by the departure controller. Ome of the ASR-2 monitorse
remoted to the Air Route Traffic Control Center, and mounted in the vicinity
of the Center's horizontal ARSR-1 radar monitor, showed the positlion of the
television handoff marker and enabled Center controllers to transpose the
radar target being handed off from the ASR-2 monitor to their em route
horizontal ARSR-1 display

The television handoff marker was in use for over three monthes,
and both tower and Center controllers agreed that it expedites the handing
off of departure aircraft and reduces materially the possibility of traffic
conflictione due to errors in identification. These opinions are borne out
by time studies made during the evaluetion, and by a subjective
questionnaire submitted to controllers who vere qualified to use the system

It is recommended thet the television handoff marker be adopted
a3 & standard radar coordination device, and that it be evaluated further
as an intra-facility coordination device.

INTRODUCTION

The operational manuall used for radar procedures states,
"Where the identity of en aircraft is being transferred from one redar
Bcope to another, the controller . .... ...... shall specify the distance
and hearing from a known fix .. . ... . . together with the obgerved
track of the target being transferred " The manual also points out that
in the event two or more aircraft are observed in the same vicinity, fol-
lowing the same tracks, additions] means of identificetion shall be
performed. Such additional identification usually involves an identifying
turn. Obviously, the verbal transfer of a target from one scope to another
can be time-consuming unless the two scopes are located side by side.

1United States Standard Manual of Radar Air Traffic Comtrol
Procedures, par. 1.5.5.
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In a previous report,2 e light-gun marker, which was developed
for use as a radar trensfer or handoff device, is described. The light-
gun maerker was used with conventional radar displays. The television {TV)
handoff marker device is analogous to the light-gun merker except that 1t
is used in conjunction with scan-converted radar equipment. The marker is
inserted on the reading side of the scan-converter. A detailed technical
description of the TV handoff marker may be found in another report.

The TV hendoff marker shown in Fig. 2 is an electronically
generated circle approximetely 1/2-inch in diameter, when viewed on a 17-
inch monitor, and it may be displayed on one or more scan-converted radar
monitors simultaneously. However, all monitors using the same marker sys-
tem muist utilize common horizontal and vertical synchronizing pulses,
which results in synchronized rasters. This ensures that the marker will
be in the same position on each monitor.

Posltioning of the marker is accomplished by means of a joystick-
type contrel, slso shown in Fig. 2, located in the vicinity of the tower
departure controller’'s monitor. In the system evaluated, the position of
the marker wes determined by the position of the Jjoystick at all times,
and when the system wes not in use, the marker was moved toc & poeition
within a amall rectangle at the lower right-hand corner of the display, as
indicated in Fig. 2.

In use, the tower departure comtroller positions the marker
until it encircles the aircraft target to be handed off to another control
position. The Center controller then notes the position of the encircled
target, transposes this target from the Center ASR-2 monitor to the hori-
zontal en route displey, end edvlises the tower controller of radar contact.
The tower controller then movees the marker to the lower right-hand cormer
of the ASR dieplay.

A switch located on the control box, shown in Fig. 2, enables
the tower departure controller to operate the merker in elther a steady or
flashing mode. The flashing mode normally is used to alert the Center
controller that a handoff procedure 1s to be undertaken. Marker intensity
1s adjustable by tower maintenance persomnel.

OPERATIONAL TESTS

Shortly before the TV handoff marker was installed in the Afr
Route Traffic Control (ARTC) Center and tower, e series of time tests
were conducted in the Airways Operations Evalustion Center (AOEC) to

2I.a‘wrence B. Ii, "A Light Gun for Radar Handoff of Aircraft
Between Air Traffic Controllers,” Technical Development Report Eo. 384,

January 1959.

3La'wrence B. Ii, '"Television Electronic Marker for Radar
Handoffs,'" Technical Development Report Ne. 391, March 1959.
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determine the difference, if any, between the time required for radar
handoffe using purely verbsl coordinetion and those using the marker. Four
groups, A, B, C, and D, each composed of one Indianspolis ARTC Center con-
troller and one Indienapolis Tower controller, made 10 to 12 simulated
rader handoffs from tower to Center under each of four different conditioms.
Condition I was a verbal handoff accepted by the Center controller on the
ARSR-1 horizontel displey; condition II, a2lso verbal, was accepted on the
Center's ASR-2 monitor; condition III was the same as condition II except
that the TV handoff merker was used in lieu of verbal coordinetion; and
condition IV was the same as condition III, except that the Center control=-
ler was required to transpose the aircreft target from the Center's ASR-2
monitor, on which the marker was displayed, to the herlzontsal ARSR-1 scope.

The results of these time teste are presented graphically in
Figs. 3A and 3B. Individual group averages showing the time necesesary per
handeff are listed in Table I
TABLE I

TIME REQUIRED T0 COMPLETE HANDOFF PROCEINURES

Group Condition I Condition II Condition III Condition TV
(sec.) {sec.) (sec.) (sec.)
A 25.5 23.7 8.9 6.9
B 16.8 16.1 139 1.7
c 15.7 4.2 10.2 12.0
D 18.8 17.6 7.7 k.6

Average of all groups under each condition:

Condition I - 19.2 peconds
Condition II - 17.9 seconds
Condition III - 10.1 seconds
Condition IV - 11.3 seconds

These figures indicate that, in every instence, less time was required to
aeccomplish a radar handoff when the TV handoff marker was utilized.

QUESTICNNAIRE STUDY

Approximately three months after the TV handoff merker hed been
insgtalled, a questionnaire was prepared and distributed to those tower and
Center controllers who were gualified to use radar in the control of air
traffic. A total of Uk completed questionnaires {21 Center, 23 tower) was
returned, revealing the following information-
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l. The marker was a fagter and more positive method of radar trensfer.

2. In general, the marker operating controls were found to be adequste
and satisfactory. Most controllers felt that marker Inteneity should be
adjustable by operating personnel.

3. Controller attitude toward the flashlng festure of the marker was
somevwhat divided; however, the majority felt that a selection of elther
steady or flashing mode was & desireble feature.

4. The marker is sbout the correct size.

5. Controllers feel thet one marker is satisfactory, in genersal, and
that the present circular configuration 1s preferable to other shepes.

6. Center personnel felt that it would be highly desirable to display
the marker simultaneocusly on the horizontel ARSR-1 monitor, thus elimineting
the necessity of transposing each handoff from the ASR-2 monitor.

T. The location of the ASR-2 monitor at the Ceater was controversial.
Some controllers felt that the monitor was satisfactorily located; however,
a alight majority would heve preferred that the monitor be locaied closer
to the horizontal ARSR-1 scope.

8. The majority of controllers felt that one or more intra-facility
markers would be highly desirable. A few stated that =dditional markers
might tend to be confusing.

9. Operating personnel agreed almost unanimously that the TV handoff
merker system was relatively trouble-free.

Written comments, in general, were confined to marker shape in
the event 'thet multiple markers were incorporated into the system. Several
controllers suggested that different colors be used to identify markers;
others suggested different shapes, rectengulasr, triangular, polygonel, and
so forth.

A detelled summery of the results of the questiocnnaire study is
included in the Appendix I.

CORCLUSIONS
I{ 18 congluded that:
1. The TV handoff marker expedites the transfer of aircraft targets
between scopes conslderably end reduces the poseibility of traffic
conflictlons due to errors in identification.

2. The necessity of trensposing e transferred target from one monitor
to another reduces the effectiveness of the system.
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3. Preferred marker intensity varies from controller to controller.

4. Portability is not a desirable feature of the marker operating
controls.

RECOMMENDATIONS
It l1ls recommended that:

1. The TV hendoff marker be inaugurated as a standard radar coordination
device.

2, Marker operating controls be permanently mounted i1n close proximity
1o the departure radar scope.

3. A marker intensity control be made aveilable to operations personnel.

L. Circultry be developed to translate the msrker from one TV system to
another with ecceptable accuracy.

5. Intra-facility potentisals of the marker be evaluated.



APPERDIX 1

FEDERAL AVIATION AGENCY
TECHNICAL DEVELOPMENT CENTER
P. 0. Box 5767
Indianapolis 21, Indians

DATE
QUESTTONNAIRE
TV MARKER
Center Controller Tower Controller

The fellowlng questions are ell mulitiple choice; however, 1n some 1lnstences
space 1s left for individual comments. Check as many blocks opposlte each
question as you feel necessary to adequately express your opinion of the TV
merker. If you wish to make additionsl comments, use the reverse side of
this questionnaire.

A "T" in the left margin indicates that the question is aeppliceble to tower
Personnel only, and a "C" indicates that the question spplies to center per-
sonnel. Both tower and center personnel answer questions indicated by "T.C.".

TOWER CENTER AVERAGE
(Percentage of Replies)

T.C. 1. The TV merker, when used for tower-center
redar handoffs, is:
(a) A faster method then pure verbal co- 100 86 93
ordination.

(v) Slower than verbel coordination. - - -

(c) Less apt to introduce traffic con- 87 76 82
flicticns through errors in identifi-
catlon.

(d) More ept to produce errors in identi- - - -
ficetion.

(e) Some other method of radar hendoff 4 5 5
would be better than the TV marker
(explain).

T. 2. The operating controls for the TV marker are:
(a) Adequate and satisfactory. 83

(b) Awioverd to use. -



T.C.

T.c.

T.C.

T.C.

b,

5.

6.

TOWER CENTER

(c) Need improving (explain).

Regarding the flashing feature of the
TV merker:

(a) The fleshing mode is prefersble to
the steady mode of operation.

{(b) The fleshing mode is not necessary-

{¢) Both modes are desirable, for use in
different clircumstances.

(4) The flashing rate should be changed
(explein).

Regarding marker brightness:

(a) The TV marker should be less bright
than the radar target.

(b) The marker should be brighter than
the target.

(c) The marker should be epproximately
the same brightness as the target.

(d4) Marker brightnesz should be adjuste-
ble by operating personnel.

Marker size:

{a) The merker is too large.

{(b) The merker 1s sbout the right size.
(¢) The marker is too smell.

Number of markers:

(2) One marker is sufficient.

(b) There should be several tower-to-
center markere.

(¢) There should be one or more center-
tower markers.

AVERAGE

{Percentage of Replies)

39

65

13

35

22

48

96

70
13

22

38

38
2L

29
1k

14

57

100

76
ik

10

20

34
L5

20

25

18

54

98

73
14

16



TOWER CENTER AVERAGE
(Percentage of Replies)

T.C. 7. Marker shepe:

(a) The circulesr merker ies satisfactory. 8T 86 86

(b) Some other shape would be prefersble 10 5
{explain).

(¢) If several markers were used, a marker 9 10 9

in the form of & letter of the =lphebet
would be desirable.

() If several markers were used, the cir- L8 14 31
cular form should be retained;, and scme
other form of ldentifying each marker
used.

C. 8. Regarding the necessity of transposing radar
tergets from the tower (ASR) to the center
(ARSR) monitors during radar handoffs
utilizing the TV marker {before answering this
question, reread question 1.):

(a) Transposing targets from one scope to 5
another 1g extremely time.consuming, and
geriously reduces the effectiveness of the
TV marker as a hapndoff device. Purely
verbal coordination 1s preferable.

(b) The necessliy of transposing targets 1s 33
undesirable, but 1t does not reduce
materielly the effectivenese of the TV
merker.

(e¢) It would be highly desirable to displsy .76
the TV merker simmlteneously on the center
radar (ARSR) monitor, thus eliminating the
necespglty of transposing targets from one
scope to another.

(d4) Trensposing tergete from one scope to 19
another presents no problem whetsocever.

C. 9. Regarding the device vhereby the tower radar
(ASR) displey mey be superimposed on the center
rader monitor:

(a) ™ie device is highly desirable, and will 19
solve any of the problems mentioned in
question 8, mbove.



¢. 10.

T.C.11.

Tl 12.

TOWER  CENTER

AVERAGE

(Percentage of Replies)

(b) A superimposed display is confusing,
and tends to complicate transposing
targets.

(¢) Will neither expedite nor hinder the
operation of the TV marker during
radar handoffs.

{d) Have not used the device.

Regarding the tower radar (ASR) monitor
in the center-

(a) The monitor 1s satisfactorily located.

(b) The monitor is too far from the center
radar display.

(c) The size of the monitor could be re-
duced without altering the effeective-
ness of the TV marker handoff system.

(d) The monitor should be mounted (explain).

Regarding additlonal TV merkers for use
within each facllity:

(a) One or more markers would be desir-
able for use between different
pesitions within the facility; for
exemple, tower to IFR room; center
gector-to-sector.

(b) Such markers would be likely to create
confusion.

‘Malntenence of the TV marker:

(a) Maintenance.wise, the TV marker itaself
has been no problem. It has operated
as rellably es any octher comparable
plece of electronic gear.

(b) The TV marker hes required a lerge
amount of work by malintenance
Personnel.

78

17

96

1

33

29

52
19

10

52

24

73

20
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FIG, 1 TV HANDOFF MARKER AND POSITIONING CONTROLS
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CONDITION I - VERBAL, TOWER ASR-2 TO CENTER ARSR-1

CONDITION II - VERBAL, TOWER ASR-2 TO CENTER ASR-2.

CONDITION III - MARKER, TOWER ASR-2 TO CENTER ASR-2,

CONDITION IV - MARKER, TOWER ASR-2 TO CENTER ASR-2, THEN TO CENTER ARSR-1
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FIG. 3A AVERAGE HANDOFF TIME BY GROUPS
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FIG, 3B AVERAGE HANDOFF TIME (ALL GROUPS)



