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S~~KLATICIN !iZSTS OF TE3 
NOFiTBROP SKY SCRFEN PS AN LIB !lZWKF'IC CONTRCL DISPLAY 

this repcrt descr;:xs the testing of tie Northra~ Sky Screen to 
determine Ita applicability to the present air route +zs_'flc control system. 
The tests were condxte? ucm;: the dynernlc ax? traffic s~m'jl~attor at the 
CAA Teclmical Develope?', Center, IndlanaploEls, cldldlm. 

The Northrop SLy Screen 19 a pictorial display orlgmally developed 
for ax? defense US?. It ~oYdnmes a2V3dar plasm-position LtdlCator, a mirrOrad 
plotting surface, md a projestlon unit to provide a large, bright, flltered 
dlspl~y 09 manually-tracked ax3 ldeflttlfled rader %arge:ea. 

The tests indicated that the dxplay could not always show the 
actual sparing b2tween axc~eft targets. This was due to the lszge size of 
the target ma-lcrs m relation to the scale of the d:sp?ay, and also to tie 
fact that the markers were moved mtermll,tently m relatively large jmps. 
I&an target markers were close together, z t was at safe to employ radar 
separation based on the information Siaplqed on tile Slry Screen. A large 
amcILzlf, of Coordlnatlon w&s repuued because tie trackers were located In a 
posltlcn remme from the rest of be control crew. 

Tests showed that a single tracker could track efficiently about 
15 targets, mder Ideal cordltlons. It was Impossible for trackers to mam- 
tah posltrve ldentlty on Ios"flument Flight Rules flights when large numbers 
Of non-Instrument Flight Rules alrcraft were also flymg the au-ways. 

For -&ese reasons, It w&6 concluded that the Northrop Sky Screen 
is nOt sutable for Integration into the present air traffic control system. 

IXPRODUCTION 

Northrop Anaheim, a dlvlsion of Northrop Aircraft, Inc., 
manufactures tr.e. Sky Screen from protot-ypes developed by We United S+uates 
Air Force Rome Air Development Center. Sky Screen wa.s developed as a high- 
speed filtering and alottrng system for tracking alrcraft and missiles, and 
has applicauonn in Air Defense C zammand (ABC) m~.ss~na. 

In December 1956, Northrop Anaheim provided the Technical Development 
Center mth a Sky Screen dlsplay on a loan basis for test and evsluatlon tier 
Au Navigation Development Board (AKDB) Project No. 6.7. Tne objective of 
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tixs test program wan to determme the desirabxllty of lnte@atinE; the Sky 
Screen Into the present air traffic control system. Teats were be&= on 
~a-uary 18, 1957. 

The heart of &e Sky Screen dlsplsy IS the plottxg-pro jector unit 
which ~8 eho?i m :;c;~ 1. F1g~?e 2 sllo’~s the oy-xcal s&em of th18 unit. 
NorxJ2 y a ,?I ci-p% l’,lo I xd~cator (WI) scope 18 loccted 8% the top of the 
pxpc tlon unit, and 7,ho ZSP 18 refiscted from a beam-splitter plate to the 
opz-at>?-, while the merrier chip IS seen through tbo bezm-epli<ter plate, The 
maxer chip can be potrxtlsxd manually 80 83 to zizz~ear suporl~posed on the 
radv bkp. Llgh1; reflcc+,e:. from the colored su-iace of tne marker chip 13 
&‘OJ?Cted thrcu@ & Variable ma@-&lcatron and focusmg lens By:& :rMl o,>to a 
translucent Bcreen; 13e .w?xen LB slewed from the side oppoe;:e the projec- 
tion uxc as Ehmn in Flgo 3. A standard ol_lde projector ~.a uoed to pro,‘?-t 
a ma-~ of the ared 03 the transluce:,b acxen. 

AS shoxe in FQ. 4, the marker chip has an arrow pattern a ml a 
mrrber 02 eat?; of ioui- alea, each eide reflecting a dlffelex color. The 
nm5co are enppved and fJled v;th a fiwreocent pigment ha?inS the same 
color as the rcfl~tlnS ~lror on xe oppo81l.e s1d.e. Thus, the co102 that 
fluoresces on the xp 19 he chip ind:cates the color being projected ooco 
the screen. 

For :,he simulation tesix, the Sky Screen dlsplay k’es supplemented 
by tiio fll&r: ;rogress box&. 

Traffic Samples. 
Three traffic samples of varlou8 densities and lengths were used for 

the simulation teota. These samples r:se mnde up of f;L&ts cperatlng m the 
Indlanapolls and Terre Iicute aeccor8 of <he Indianapolis Air lit-ute Traffic 
Control Center. 

Semple I had a density of 30 aircraft per hour and w&o 2 hours m 
1enSth. Sample II had a densltg of 40 aircraft per hour and was 3 hour0 in 
lergL3. Sample III had a density of 40 alrcraft per hole and was 2 hours In 
lenSi I I% Sample III aircraft were confined del-berately to a~ altitude 
levels only, 3n order to provide many more sltuablo,ls req&rlng the u8e of 
radar separation. 
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Use of Color. 
The target marker chips were colored red, white, yellow, or @?een. 

In the majority of bhe tests, red was ueed whenever tne "flackera lost positive 
identity on a lsno%n Instrument Pl.i&t Rulefl (IFR) target which previously had 
been identified, white was used to mdxate a. flight landing within the WC- 
tar, yellow wa8 used to indicate a departing or cilmbmg flight, and green 
was used to zndicate an en route fl@t. in sod.8 of the later tests, yellow 
was used to indicate aircrafb in potentially conflictzig situations. 

SDYJLATION TESTS 

Sya:-m A. 
The phvolcal layout of System A 1s ShoVn in Fig. 5. System A was 

designed (LO u-e bhe fl!~+~t prog-eas boards es the primary display and to -use 
the Sky Screen to resolve such prob'.emr as were delegated by the sec5or con- 
t#rollerc 50 a radar ccntroller at the viecing screen. Problems such at2 
deparcxg flight8 clmmhmg to assigned ai:Lxldcs, arrive-% flights descend- 
mg to assiGned aLtltudes, an? fil@ltB on crssulng coume.3 at the 8ame 
altitude were handled in this manner. 

The trackers obtained identity of tarSets by monitormS the 
air/g?ound (A/G) frequencies, and an assistant at the tracking poeitaon 
used an interphone to pass the chip number and the aircraft identity number 
(radio call "LS~) to the a~sista& controller at the viewing screen. ThlS 
agatem uiil~~ed Dro trackers, tTJ0 3n,3p!lor2 men, and one controller at the 
vieTJing acreen in addixon to tne regular complement needed to operate ~3 
fli&ht proS:ress boarde. This system requixd three sets of radio frequen- 
cle8, one set for each flignt progress board and one set for the radar 
controller at the BcreeL. 

It wa8 found that the trackers v;ere unable to do en adequate job 
of obtaining target identity by monitoring the A/G radio chaixela, and 
approximately five per cent of the flights were never identified by the 
trackers. This was, in part, because the aircraft wa8 too far past the 
radio fix over which it reported to be considered a8 positively identified. 
Aino, the Crackers missed the aIrcraft's identity many c-flee because taey 
htld no advance information of the flight and were ;xceoccupied wLth +heir 
tracking and chip moving dutien. During Borne portions of this test, Borne 
aircraft had nearly pasfled thr@uSn the entire sector before tne trackers 
realized that they had missed a radio call entirely and had no track for 
the flignt on the screen. 

The controller a,c the viewinS screen wa8 Puraxhed with a separate 
set of A/G frequencies. it has found that he could control a maximum of three 
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or four problems at one time, dependu~g upon the types of problems and the 
locations of the flights, and assrm~ng that the trackers were able to track 
C’-e fllghte mvolvd, adequately. one of the llmltlng fxtors affecting the 
nLm3e: of problems the controller at the viewing screen was able to Control 
Wa;: the length coordlnatlon necessary between himself and the sector control- 
ler. Ths coordlnatlon roqux-ed the sector controller LO “draw” a verbs1 
picture of the control problem to the sc~cn controller. Because tne screen 
controller was simvltaneousiy workmg A/G rad;o, this requirement llmlted 
the entire operation. 

In many case- It was fomd that the trackers needed route informatlor 
to nsintal? o- re-establish ldentiflcatzon wh?a tracks crossed. when the tar - 
get IW:JC+TB were clo:e #.oy, ether, coL?trollers needed to check the actual 
posltloos of sp~lf~c tar,;e!x before radar sepsratlon could be employed between 
such axcraft, i?or tnls re,son 1~ was soon determined that a monitoring Woi)e 
should be added to the systm. 

system B. 
The ghysicai layout of System B is shcwn III Fig. 6. Thus system 

was an attempt 4-0 provide the trackers wizh a more po~ltive means of identify- 
~ng the radar tal’ge ts, The trackers were equipped with dlrert A/G radio 
frequenc~s which were utrlxzed by alrcrZt 13 re~ortmg at emtry f,xea. 
After the trecaers had marked the target %i+h a marker chip, the f:LC’~:“,“, 
changed to the radio fi’equenzy of the sector assIstant and roaeated the 
posli eon report. 

Control ~r.st~‘uct~ons were xltloted by the sector controller, o.ld 
were l&sued by tne sector assistant who used a monitor scope for fls1e-gr%n 
control D An assistant at the tracker’s posltlon used mterphone to advise 
the sector controllers of the target numbera assigned to the various flights. 
Tne tarpt n-~~bar of the ~h?p marker was pramlnently displayed on the flight 
progrcsa strip in red pencL, 

Thus system used two trackers and one ass18 tant m edditlon to the 
regular complement required to operate the flight. progress boards. Four sets 
of rc.llo frequenclea were required, one set for each of the flight progress 
boards and one set for each tracker. Re-ldentlty of any targets lost by 
trackers was a difficult coordlnatlon problem. A tracker was reiulred to 
have hrs assistant call t:le sector controller, who III most cases had to ask 
the sector acsistsnt to vector the an-zrofs m question for ldent3ty. This 
information was then passed ba2k VI.& the 8ar.e communlea’lon route to the 
tracker. 

System C. 
The physical layout of System C 1s shown m Fig. 7. This system 

was an attempt to reduce the number of personnel required. Tire two trawers 
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et the tracking scope were the only personnel needed UI this system over the 
normal controller complement required to operate the fl@t progress boards. 

?he pllots made their lnitlal progress report directly to the 
trackers, wno asnlgned each fllaht the code number of +&e chip being used 
to mark that flight’s radar blip. The pllot was tnen required to change 
to the sector asslstant and to repeat the code number and +he posstlon report. 

The lack of communxatlons between the trackers and the controllers 
made the Job of re-id.en’,lfxatlon an lmpoeslbllity, a fact whxh led to the 
abandonment of t111s sgs te:a. ‘Ths system required one set of ratno fre- 
quencles for each of tbe f1~gh-c progress boards and one set for each 
trdcirer. 

Sys tern D. 
The physical layTLt of System D 1s S?WVII In Fig. 8. Tflls system 

was an a:tempt to combine the best feetures of L!E preflous systems and to 
correct the faults that became apparent dying eorller tests. This system 
required two trackers at tne tracking scope and one screen contLoller, in 
addltlon to the normal compleaeat required to operate the flight progress 
boards. 

The p-~Lot:s made their lnltlal progress report to the screen 
co;ltroller r By use of a radar monitor scope and interphone line to the 
trackers, thx controller establlsned target ldentlty and instructed the 
trackers to mark tae target wilth a chip ms-4.ser. A sector coordxator wrote 
the target code numbers on the flight progress strips. me sector con- 
trollers were responsible for tne over-all control of the traffic. Routlne 
posltlon repor% were handled by the sector assistant who also Issued control 
lnstructlons as required by the sector controller. 

Re-ldentrfxatlon of tarbets which merged or became questionaXe 
was still tune-consuming but poselble, as trackers were asslated by the 
screen controller using the monitor scope and the fllpht progress data. 
The tracking Job was slmpllfled father by ellml.natxG the A/G CO~UnlCat10ns 
workload. 

System E. 
The physical layout of System E is shown in Fig. 9. ‘l.3~~ system 

combbmed most of the area Into one Air Route Traffic Control (ARK) sector, 
producmg a heavrler traffic load, This required a three-man control team 
at the vlewlng screen and two trackers at the radar scope. 

To simplify the strip dxsplay and place more emphasis on the 
pictorial dieplay for control Turposes, a multi-fix postx~g system was used 
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mls consisted of a modlfled ARTS center strip-postFng using onU one strip 
per aircraft. several boxes on ihe strip Were desl@ated as geographical 
pomta v*tlnn the sector where it was considered desirable to post astmsted 
tims . Fl,-e 10 mdicetes this type of poatL?g. The strips were sequenced 
by altitude to provide the strip controller with a&Vance information 01: 

pcssible trafi"lc cor9lict;ons at the seme aL*,, - ++ude over the mme geographical 

pomt or radio fix. 

A rsdlo controller at the screen Controlled the traffic from 
information available on the multi-fix posteng an6 on the screen, Another 
controller kept the multr-fix postmge current, alerted the radio controller 
of potential conflictioL3, a-d received and t-so&erred data to other eectors 
end cenwrs. One assztant controller used sn mterPhone to maintain close 
coordination with the trackers at the plotttmg surface. Ee IIas responsible 
for placmg the target track number on the multi-fix etr~ps. When crosaing- 
Co-zse confllctlons were noted, the screen controller -as alerted sn& the 
radar 1ntUmstion on the screen was then osed to work out the problems with 
radar separaticn wherever possible, Since this type of posting does not 
p:ov-Lde a controller w,th information sultahly d'Lsplayed to solve clmbtilg 
end r',cscendi?g problems, the ratiar mformation, as shown on the Sky Screen, 
Was usefi to separate all rjluabmg and &escendjng alrcrsft from other traffic. 

Dnly one set of A/C frequencies was used 1n this system. Te6ts 
1ndlCntcld that a laser fli*t prcgrss strip +ha;l the type now b use would 
have bee? demrable whelen more tisn four flxea were posted on the ssme strip. 

c0XcLIIs10NS 

The follmg conclusions are based ou the data obtained and 
observations made during the simulation tests described in this report. 

1. The Sky Screen pi-ecents a large, bright, filtered drsplay which 
provices the controller with a picture of the general air traffic situation. 
However, inherent limit&long of the s-y&em make it unsuitable for use LIP 
provid3ng minimmum radar separation between aircraft. These include; (a) the 
relatively large geographic area covered by each target marker, and (b) the 
fact thet the final display does not show exact aircraft; Posltlon because 
the target markers are moved in steps by the trackers. 

2. Target markers comprised only two dlgits and an &prow, It was not 
pcsslble t-1 reverse the headlnu b 3f the arrow in relation to the diglts; 
therefore, about half the markers had to be read in the inverted poaitlon. 
Target numbers could not duplicate aircraft identifications due to the small 
nmber of symbols available. The controller workload involved m associating 
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a specflc target number with its identlficatlon, and Vice versa,caused 
conr;derable drfficulty in handling traffic problems. This lowered the 

effect:veness of the d;splay as a control tool. 

3. Pflteen targets was the maximum nuf&er vhhlch a single tracker could 
keep ldentlfled m the systems tested. The p-osence of unreported aircraft 
m the system complicated the ldentlfxatlon function tremendously. Without 
access to flight plan data, the trackers were mble to correct accidental 
m,xups of the target marking chips. The tracking position was physxally 
tlrz.ng because of pootlue snd VJslon requirementa. Pceltlonlng of the 
marker chips was an exactulg task due to the small scale of the dxplay 
surface and the need for precise movament of a desired chip without nudging 
f&y other chip out of po3lt;on. The remote locetion of the trackers in 
relation to the rest of t??e control crew created coordlnatlon dlffxultles. 

‘Lo The most effective cracking technique was to renoeltlon the chip 
so that the rear of the chop was allgpe3 Mth the radar target, This mtn- 
xmlzed the number cjf chip movements necessary to keep It superunposed on 
the radw target, 

A two-man tracking tesm funct~oneed best when one msn dr?l most of the 
chip moving, snd the other man communlcatc3 wltb the controllers an?. aided 
I.&e tracker when necessary. 

The tmzofer of fl&t plan route information to the trackers asslated 
them in maintaining target ldentlty when the targets merged and subsequenlly 
kverged. However, the trsnsfer of thx information to the trackers grea+Jy 
increased the communications workload. 

5. Altitude coding by coLor was not effective because only a fev colors 
were avai.lable. 

6. Changing the scale of the radar display from 12 miles per inch to 
17 miles per Inch did not Inorease the efficiency of the system. When the 
larger scale was ueed, the radar targets moved fester, and. were more dlffi- 
cult to track. When the smaller scale wrls aed, the target chip markers 
occupied a larger area and mcreased positlonlng :naocurss:es. 

7. These tests showed that although An: and AE both utilize the same 
general type aata, that ~s,flight plan and aircraft posltlon data, the 
esaentlai differences of the?r functions make the &splay requirements of 
each quite different, 
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F?XO?@03NDATIONS 

As a result of the llmltztlons which became apparent during the 
tests, It 18 recommended Lhat no attempt be made to integrate the Sky Screen 
u-to the present ATC system. 

The assistance of Northrop Anaheim, a dlvxia of Northrop Alrcraft, 
Inc., in loening the pqLl.psent and supolglng the trained te&xclans to set 
up, adJust, and ltatier 'a d?smantle this equipment 1s greatly appreciated. 

The authrs also wish to acknowledge the valuable aasxtance 
fuxlshed by Messrs. Vxux- A. Crawford, Robe3 D. Collmg, Claybourne Waldrop, 
end Durward M. PFzl:i~a of tne Indlaxpolls ARTC Center, a;ld by Roger 5. Miller 
of the F"-anklln Irstltute L-bor;~ories. 
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IDENTlTY FIX IDENTIFIERS TARGET 
AND ROUTE ALTITUDE 

TYPE 1 SCJ t 1 MAX 
MARKER 

IN0 1 HUF 1 KOK i NUMBER 
L 

T IO STL VI2 I50 1028 1035 1017 

9 PIT 42 

A5 CHI VII I50 1002 1014 1026 

6 MIA 18 

u329 LOU VI71 150 0940 0951 

C CHI 25 

FIG IO MULTI- FIX STRIP POSTINGS 


