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SIMULATION TESTS OF THE
WNORTEROP SKEY SCREEN AS AN ATR TRAFFIC CONTRCL DISFLAY

SUMARY

This report describes the testing of ihe Northrop Sky Screen to
determine 1ts applicabilaity to ithe present air route tralfic control aystem.
The teats were condvcted uging the dynemic air traffic s'milator at the
CAA Technical Developmens Center; Indranaplelts, Indiana.

The Worthrop SLy Screen i1s e pictorial display origmnally developed
for air defense us=. It combives a ¥adar plan-position indicator, a mirrored
plotting surface, and & projestion unlt to provide a lerge, bright, filtered
dispicsy oFf panually-tracked and idertified reder targe.s.

The testa indicaced that the dispiay could not always show the
actual spacing between aircreft tarpets. This was due to the large size of
the iarget merkers in relatien to the scale of the display, and glso to the
fact that the markers were moved intermititently i1 relatively large Jumps.
When target markers wore cloze together, -t was a>t safe to employ radar
separstion based on the information dlzpl:oyed on the Sky Screen. A large
encunt of coordination waa reguirsed teczuse ihe trackers were located in &
positicn remoce from the reat of che control crew,

Tegbz showed that a single tracker could track efficiently ebout
13 targets, under aideel conditions. It was imposgible for trackers to main-
tain positive identity on Instrument Flight Rules flights when large numbers
of non-Instrument Flight Rules aircraft were also flying the airways.

For these reasons, 1t was concluded that the Northrop Sky Screen
is not suitable for integration into the present air traffic control system.

INTRODUCTION

Northrop Anaheim, a division of Northrop Aircraft, Inc.,
manufactures tne Sky Screen from prototypes developed by the United States
Air Force Rome Ailr Development Center. Sky Screen was developed as & high-
speed filtering end pletting system for tracking sircraft end missiles, and
has applicalions in Air Defenge Command {ADC) missions,.

In December 1956, Northrop Ansheim provided the Technical Development
Center with a Sky Screen display on a loan basis Ffor test and evaluation under
Air Navigation Development Boerd (ANDB) Project No, 6.7. The objective of
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this test program was to determine the desirabilaty of integrating the Sky
Sereen into the present air traffic control system, Tests were begun on
Jeqwary 18, 1957.

Tig report describes cesis of various nethoda of liovegrating the
Sky Szcreen wzth the flight progress boards of tha type preseacly used ia the
a1y rouvce ira’fig contrel ceaters n Th.a counivy,

EQUIPMENT

The heart of ihne Sky Screen displey 15 the plottirng-projector wt
which 18 shova 1n J.ig. L. Fisure 2 shows lae onvical syslem of this unit.
Norwally a plen~posiiio: ndacator (PPT) scope 18 located at the top of the
pregecblon unlt, end ~ho wage 19 reflected from a beam-splitier plate to the
operai:r, while the meraer chip 1s seen through the beam-gplitter pilate. The
marger chip can be pogititacd menusily 8o as to grpear superlaposed on the
radars bizp. Lighs reflecied frou the ccleved suviace of tne marker chap is
piojected thecugh a variable magnificat.on and focusing lens 8y: S0 0Lto 2
tranglucent gcveen. The screen 18 vieved from the side opposisz the projec-
tion unic as shown in Fig. 3. A standard slide progector 18 used to proje:
a ma) of the erea on the translucer s gcrezn.

Ag showa in Fig. k, the marker chip hes an arrow patiern a:d a
nurber on each of four sides, each side reflecting a differen colo+, The
numnre eye engraved and Culled wlith a finwreocent pigment having the same
color as the reflecting muzror on e opposile side, Thus, che color that
Fluoresces on the —op of Jhe chip ind:cates the crlor being projected coco
the screen.

For the smmulatlon tests, the Sky Screer display wes supplemented
by two £fligh? progress boards.

TEST FROCEDULES

Traffic Samples.

Three traffic gemples of various densities and lengths were used for
the simulation {esta. These samples ware made up of filghis cperating in ihe
Indiznapolis and Terre Foute seccors of “he Iadianapelis Air Rcute Traffic
Conlrol Center.

Semple I had a density of 30 arrcraft per howr and was 2 hours in
length. Semple IT had & density of L0 aircraft per hour and was 3 hours in
lergui. Sample III had a density of 40 aircraft per hoix asnd was 2 hours in
length. Im Sample IIT alreraft were confined del_ berately to gix altrtude
levels only, 1n order %o provide many more situa.icas requiring the use of
radar separation,



Use of Color.

The target marker chaps were colored red, white, yellow, or green.
In the magority of the tests, red was ueed whenever tne trackers lost posative
wdentity o a lmown Instrument Flight Bules (IFR) target which previously had
been 1dentified, white was used to indicate a flight lending within the sec-
tor, yellow was used to indicate a denarting or ciumbang flight, and green
wag uged to :andicate an en route flight., In soue of the later tesis, yellow
was used to indicate aircrafh in potentielly conflicting situations.

STMULATICN TESTS

Byzs.m A,

The physical lazyout of System A 1s shovm in Pig. 5. System A was
desirmed Lo uoe che fligns progress boards 25 the primary display oand to use
the Sky Sereen to resolve such provleme ac were delegated by the sector con-
trollers wo a radas ccntroller al the viewing scicen., DProblems such as
deparcicy flights climbing to assigned alzivwides, arriviag flighbs descend-
ing to assirned sltibudes. and flights on crossing courses at the sane
altitude vere handled in this manner.

The *rackers obtalned ideatily of targets by monitoring the
air/ground (4A/G) frequencies, and on assisiant at the tracking position
used an interphone tu psss the chip number and the aiccraft 1dentity number
(redio call sxgn’ to the essistant controller at the viewing screen. This
gystew ucilized tro tracksrs, two in.zrphowr: men, and one controlier at tie
viewing screern in addision to tne iegular complement needed to operate wnz
flight progresc boards. Thie sysien reguired threc sets of radio frequen-
cies, one gct for each flignt progleas boa:xd and cne set for the radar
controller at the secreern,

It was found thal the trackers were unable to do en mdesguate job
of obtaining target idernlity by monitoring the A/G radio chennels, and
approwimately five per cenc of the flighits wers never identified by the
trackers. This was, 1in part, because the ailrcraft was too far past the
radio fix over which 1t reported to be considered as positively identsiried.
Also, the {rackers missed the aircraft's identity many cimes because tney
had no advance informaiion of the flisht and were preocccupled with their
tracking and chip moving duties. During some portions of this test, sume
aircraft had nearly pasaed througn the eutire sector before tne trazkers
realized that they had missed a radio call entirsly and had no track for
the flignt on the screen,

The controller ac the viewing screen was Juranished with a separate
set of A/ frequencies. 1t has Found that he could conirol & maximum of three
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or four problems at one time, depending upon *he types of problems and the
locations of the flights, and assuming thet the trackers were able to track
the Tlights involved, adequately. One of the limiting foctors affecting the
nunhe » of problems *he controller at the viewing screen was eble to ccnirol
was3 the length coordination necessary between himself and the sector control-
ler. This coordination requived the seckor controller 1o "drew'" a verbel
piclure of the comirol problem 1o +the ac¢rzen controller, Because tae acreen
controller was simvltaneousiy working A/G radio, this reguirement limited
the enlire operation.

Tn many ¢azges 1t was found that the trackers needed route informatior
t0 meintain o» re-ecatablish identification when iracks crossed. Woen the ter-
get maik~ve were cloze .opether, coatrellers needed to check the actual
pusitions of sprcific tarrets before radar separation could be employed between
guch aircraft., TFor tais re.scn 1% was soon determined that a monitoring scope
shoald be added to the sysi-n.

Syetem E.

The physical layout of System B is shown in Fig. 6. This eysten
was aa altempt 1o provide the trackers with a more positive means of Ildent:{fy-
1nhg she radar targets. The trackers were equapped with direct A/G rad:o
frequencies which were uwtilized by zarcr.fh 1m reporling at enlry f.oxzea.

Afcer the traciers had marked the target with a marker chip, che fliphs
charged Tc the radio freguengy of the sector assistant and ropeated the
PO31+ Lo repors,

Controi. instructions were iritiaied by the sector controller, aad
were igsued by tne sector assistant who used a monitor scope for fiile-grain
control, An assistant at the {racker'’s position used interphone to adviee
the secbor contvollers of the target numbers assigned to the verious flights.
The target nurber of the ch-p marker was prominently displayed on the flight
progregs strip in red peacil.

This system used itwo treckers and cne assgistant in addition to the
regular complement reguiced to opevale the flight progress boerds. TFour sets
of ralio freguencies were required, ole set for each of the flight progress
boards and one sct {or each tracker., Re-i1dentaity of any targets lost by
trackers was a difficult coordinalion problem. A tracker was reguared to
have his assistant call tle sector controller, who 1a most cases had to ask
the secior acsuistant to vector fhe aircraft i1n question Tor identity. This
information was then pazsed back via the same communicasion route wo the
tracker,

Syatem C.
The physical layout of System C 18 shown in Fig. 7. This systen
was an attempt to reduce the number of personnel required. The two trackers
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at the tracking scope were the only personnel needed 1n this system over the
normal controller complement reguired to operate the flizht progress boards,

"he pilots made their :nitial progrese report directly to the
trackers, who assigned each flisht the code number of the chip being used
to mark that flight's redar blip. The pilot wasa Llaen requared to change
to the sector assistant and to repeat the code number and the posaition report.

The lack of communications between the trackers and the controllers
made the Job of re-idem.ificalion an impossibility, a fact which led to the
abandonment of this system. This system required one set of radio fre-
quencies for each of the Plight progress boards and one set for each
tracrer,

System I,

The physical lays.t of System D 18 shown in Fig. 8. This system
was an astempt to combine the best festures of li2 previous systems aud to
correct the faults that bezame apparent during earlier tesgis., This system
required two trackers at ilae tracking scope and one screen cont.oller, in
addition fto the normal ccomplement reguired to operate the flight progress
boards,

The pilors made their initiel progress report to the screen
coatrolisex. By use of a redar monitor scope and Interphone line to the
traockers, this controller establisned tarseb i1dentity and laswructed the
trackers to mark tae target with a chip macker. A sector coordinator wrote
the target code numbevs on the flight progress slraps. The sector con-
trollers were regpongible for the over-all control of the traffic. Rouline
position reporwa were handled by the sector asgistant who also 1ssued control
ingcructions as required by the sector controiler.

Re-identifacation of targets which merged or became gueslionable
was siill time-consuming but possible, as trackers were assisted by the
gcreen controller using the monitor scope and the flight progress data.
The tracking Job was simplified further by eliminating the A/G cormmunications
werkload.

Systen E.

The physical leyout of System E 1s shown in Fig. 9. This systenm
combined most of the area into one 41r Route Traffic Control (ART() sector,
producing a heavier treffic load, This required a three-man conirol tesm
at the viewing acreen and two trackers at the radar scope,

To simplify the gtrip display and plece more emphasis on the
pactorial display for control »urposes, a multi-fix posiing system was used
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This consisted of a modified ARTC center strip-posting using only one strip
per alrcraft. Several boxes on ihe atrip were designated as geographical
points withan the sector where 1t was considered deasirable to post estimated
times. TFigure 10 indicstes this type of posting. The strips were sequenced
by altitude to provide the strip controller walh advance intormation on
pcesible traffic conflictions at the same alti‘ude over the same geographical

point or radio fix,

A radio controller at the screen controlled the traffic from
information available on the mul*i-Tix posting and on the screen, Ancther
controller kept the multi-fix postings current, alerted the radlo controller
of potential conflictiosns, and received and transferred dete to otier sectors
end centers. One assietant controller used aen interphone to meintain close
coordinetion with the trackers at the plotting surface. He Was respcnslble
for placing the target track rnumker on the multi-fix strmips. When crosaing-
cowwse conflictions were noted, the screen conircliler was alerted end the
racdar information on the screen was then used to work out the problems with
radar separaticn wherever nossible, Since this type of posting does not
t2ovide a controller with information suitably distlayed to solve climbiag
and descending problems, the radar information, aa shown on the Sky Screen,
vas used to separaie sll climbing spnd descending aircraft from other traffic,

Only one set of A/C frequencies was used in this system. Testis
indicaled that a larger flight progress strip than the type now In use would
have been desirable when more than four fixes were posted on the seme strip.

CONCLUSIONS

The following conclusions are hesed cn the data obtained and
observations made during the simulation tests described In this report.

1. The Sky Screen precents a large, bright, filtered display which
rrovides the controller with a picture of the general =zir traffic situation.
However, inherent limitations of the system make it unsuitable for use 1in
providing minimum redar separation between aircraft. These include; (e) the
relatively large geogravhic area covered by each targe® marker, and (b) the
fact that the final display does not show exact aircraft position because
the target markers are moved in steps by the trackers.

2. Terget markers comprised only two digits and an arrow, It was not
pecsaible t reverse the heading of the arrow in relation to the digrts;
therefore, about half the markers had to be read In the inverted poaition,
Target numbers could not duplicate aircraft identifications dus to the small
number of aymbols available. The controller workload invelved in associating
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a specfic target number with its identification, and vice versa,caused
conriderable difficulty in handling traffic problems. This lowered the
effectivernsss of the display as & control tool.

3, TFifteen targets was the maximum number which a single tracker could
keep 1dentified in the systems tested, The pvesence of unreported aircraft
in the syctem complicated the identification functicn btremendously. Without
access to flight plan data, the irackers were wmable to correct eccidenial
mixups of the target warking chips. The tracking position was rhysically
tiring becavse of postuwre end vision requirementa. Pesrtioning of the
mayker chips was an exacting task due to the small scale of the displey
surface and the need for precise movewent of a desired chip withoui nudging
ery other chip out of position. The remote location of the trackera in
relation to the rest of the control crew created coordination difficulties.

L, The most affective cracking techmijue was to reposition the chip
go that the reex of the chip wes aligneld with the radar target. This min-
1mized the nmumber ¢f chip mivements necessary to keep 1t superimposed on
tha radar target.

A two-man tracking team funccioned best when one man did most of the
chip moving, and the other man communicated with the contrellers and sided
ibe tracker vhen necesssary,

The trangfer of flight rian rcoute Information to the trackers assisted
them in maintaining targst 1dentity when the targets merged and subsequenily
iverged. However, the transfer of this information to the trackers greatly
increased the commumications workload.

5. Altitude coding by color was not effective because only a Pew colors
were evailable,

6. Changing the scale of the radar display from 12 miles per inch to
17 miles per inch did not increase the efficiency of the system. When She
larger scale was used, the radar targets moved fester, and were more diffi-
cult to track., When the smeller seale wae used, the target chip m:rkers
occupied a larger area and increased po3itioning »naccuracies.

T« These tests showed that although ATC end ADC both utilize the same
general type data, that is, flight plan and aircraft position date, the

essential differences of therr functions make the display requirements of
each guite different,
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REC OMMENDATIONS

As a result of the limilations which became apparent during the
teats, 1t 18 recommended Llhat no attempt be made to integrate the Sky Screen
nto the preaent ATC system.
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