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PROJECT PLAN
TOWER AUTOMATED GROUND SURVEILLANCE SYSTEM

DEVELOPMENT PROGRAM

Introduct ion

The Tower Automated Groun d Surveillance System (TAGS)
re p resents an important ste p in p rov iding au toma ti on su pp ort
for air traff ic controllers In the tower cab. In recent
y e a r s , many changes In ATC proc’edures , re quirements an d
technolo gy have evolved , ne cessitating a very careful
analys is and definition of TAGS and its development program.

• The purpose of this project plan is , therefore , to describe the
analyses and feasi bility tes ts  necessa ry  to def ine the TAGS

• development activity.

Ob.iect ive

T h e object ive of the TAGS develo pment p rogram Is t o develo p
automat ion and surveillance aids for the Airport Surface

• Traff ic Control (ASTC) System to increase surface traffic’
han dling capac ity,  m inimize delays , an d provide all—weather
control and gu idance.

Dur ing FY—7 8 the objective of the TAGS activity is to
per fo rm the necessary  analyses and feas ibility tests  to
define the TAGS development program. This project plan
describes the FY—78 activity. At the end of this effort , a
TAGS Eng ineering and Development Program Plan (EDPP) will be
com pleted.

Need

The provision of ’ the Airport Surface Detection Equipment
(ASDE—3 ) to major airports will satisfy many ASTC system
requ irements. However , stu di es have shown that at the
largest air carrier airports , ASDE—3 sat isfies only part of
the system nee d s an d s ignif icant delays w ill cont inue to
occur. The “Delay Task Force Stu dy for Chicago O’Hare
Internat ional Airport” (Ref. 1) is one of’ the most recent
an d important of these studies citing the continuing ASTC
pro blem.

The primary ASTC capac ity bottleneck expected to remain
• after Im plementation of ASDE— 3 is saturation of ground ~~ite Sect oit

control during bad visibilit y con ditions. The limiting ~~
u1
~~~~tb0fl 0

factor in ground control capacity has been determined to be CED 0
saturation of the controller ’s VHF commun ication channel.
Refe rences  2 , 3, and Z( discuss this problem in detail , and ____

conc lude that a major contributor to voice channel 
___

saturation Is simply aircraft position reporting. TAGS ,
Dist •r~AL . and,”or SPEC
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with a clear uncluttered presentation of each target and its
ident ity, will eliminate the voice channel saturation
problem and thus perm it ground control capacity in bad
visibility to equal that in good visibility. Reference 14
shows that th is benefit at Chicago O’Hare alone justifies
the develo pment and implementation costs of TAGS.

Ad ditional safety and workload benefits will accrue to TAGS.
It will also become the baseline automation system to
increase ASTC system capacity in the future ATC system.

TAGS History

A number of tests and analyses have been performed which
have contri buted to the TAGS requirements and system
definition to date . They include references 2—ID discussed

• previously. Others are described below.

1. Operational Requirements Analyses

A number of activities have been undertaken by TSC
since 1971 in an attem pt to formulate operational

• requ irements for the ASTC system. These activities
include d site surveys , simulations , display
ana ly se s , etc. Some of the conclus ions pertinent
to TAGS are listed below. A bibliogr aphy of these
studies is available and will be included in the
TAGS EDPP.

• 1) It is feasible to display alpha—numeric
identifiers for surface targets without
excessive display clutter.

2 )  S y n t h e t i c  d i s p l a y s  are p r e f e r r e d by
controllers , but ASDE is required for backup ,
due to the  c o n t r o l l e r s ’ pe r c e p t i o n  of r e l i a b i li t y

• of the computer—base d TAGS system.

• 3) Each controller should see identity tags for
only his traffic.

ID) Small alphanumeric character sizes (1/ID”) are
a c c e p t a b l e  w i t h i n  v i ewing  d i s t a n c e s  n o r m a l  to
ground  c o n t ro l l e r s .

5)  D e s i r a b i l i t y  of ramp coverage , observation of
non—beacon equipped veh icles , and need for aircraft
extent (size and shape) information is a matter of
individual airport procedures and layout an d differs

• from airport to airport .

2
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6)  The re  is n o a pp a r e n t  re qu i r e m e n t  f o r  a
Lo cal Control TAGS display of A SR—type
information such as distance and time to
threshol d of the next arrival.

2. ATCRBS Tr ilateration Testing

A brassboard model of the Bendix GEOSCAN system was
purchased by TSC during FY—75 , and was  t e s t e d at
NAFEC. The results showed that:

1) ATC RBS trilaterat ion was indeed technically
feasible;

2) it was very accurate — the standard deviation
of error in position measurement was less that
13 feet;

3) it was not vulnerable to interference from
other beacon interrogators.

T he b r a s s b oar d s y s t e m  is c u r r e n t l y  un d er t e s t  at
Boston Logan. The tests are not yet complete ,
but preliminary results show that:

1) mul t ip a t h  has  no t  ye t  been a p ro b lem — a c c u r a c y
measurement errors have been less than 20 feet ,
one sigma;

2) the system has not caused interference to the
ARTS in the Logan TRACON , or NAS at Bos ton  A R T C C ,
even when operated at higher than normal power and PRF.

In s um m a r y ,  ATCRBS trilateration is an excellent
surve illance system from a technical viewpoint.

3. A S D E — 3

The ASDE— 3 development deserves mention here. The
specification has evolved over several years and
is designed as a highly accurate radar system ,
even dur ing periods of heavy rainfall. The radar V
is bein g built to be compatible with the later
addition of a digital scan converter and/or a
radar digitizer. Neither of these additions ,
however , is under procurement currently, although
specifications are available. The digital scan

• converter is currently programmed as an ASDE
enhancement in FY—79 . The develo pment of the
ASDE di g i t i z e r  d epen d s u p on its  u t i l ity  in the
TAGS development . 3

• ~~~ • ••• •~~~~~~~~~~~~~~~~~~~~ t~~ :Z •~~ •--



Issues.

The functional requirements for TAGS have thus been defined.
The primary requirement is the provision of alpha—numeric
target identifiers on the ground controller ’s display.

Certain ground ru les  have  been a d o p t e d  d u r i n g  the  course  of
d e v e l o p i n g  TAGS r e q u i r e m e n t s .  The mos t  im po r t a n t  is t h a t  no
new avionics requirements will be levied on the user. The
reason for th is Is the limited number of airports (14—9 ) at
wh ich TAGS might be implemented (Ref. ID).

Ma jor s y s t e m  issues rema in , however. The first is
determination of’ the TAGS surveillance subsystem. Many
alternatives exist and are descri bed below. The second
issue is display type. Two major alternatives exist: a
purely synthetic display and a hybrid display, analo g radar
with digital symbols an d alpha—numerics. Many mechanization
options exist for these two display types , and t h e y  are
discussed below. Also at issue (if the display type is
hybri d) is the method of achieving a BRITE presentation —

op t i ca l  ve r sus  d i g i t a l  scan  c o n v e r s i o n .

APP R 0 A CR

The FY—78 TAGS program consists of a four—part effort to
choose the most via ble set of alternatives and to generate
an EDPP wh ich describes a well—structured , a c h i e v a b l e  and
affor dable TAGS development program for future years. The
FY—78 efforts are shown in Figure 1 and descri bed below.

Task j
~ 

TAGS Alternat ives Analysis

The goal of the alternatives analysis is to explore the
t e c h n i c a l  f eas i bi l i t y ,  o p e r a t i o n a l  acce p t a n c e  and costs  fo r
each alternative mechanization of TAGS . The study will
organize existing data , conduct brief analyses to generate
unavailable data , and will identify R&D issues to ad dress
remaining unanswered questions.

The products of the study are:

a. A system description of each alternative
mechanization includ ing discussions of
hardware , software and controller interface;

b. A preliminary design for Chicago O’Hare
International Airport (ORD) includ ing system
layout on the field and in the tower ca b ;

• 4
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_______________________ •

c. Discussion of feasibility (risk) of both the
techn ical approach and operational acceptance ;

d. F&E and O&M cost estimates ;

e. R&D issues rema ining.

F igure  2 is an i l l u s t r a tion of t h e  bas ic TAGS s y s t e m
mechanizat ion alternatives. The surveillance and display
alternat ives shown can be combined into the more than twenty
alternat ive mechanizations to be considered. Each of these
su bsystem alternatives are briefly discussed below. The
com plexity of the twenty— odd alternative mechanizations
precludes more detailed treatment in this document.

A. TAGS Surve illance Alternatives

R e f e r r in g to  Fi gure  2, a l t e r n a t ive Si is a b eacon base d
syste m wh ic h is f u n c t iona l ly  descr ib e d by a sp at ia l V
interrogation mode and a multilateration receive technique.
This system is better known as ATCRBS Trilateration and has
been fabricated by Bendix as their GEOSCAN system. The
spatial interrogation technique attempts to isolate each
trans ponder for individual interrogation (see Figure 3 ) .  It
does this by transmitting a transponder suppression signal
on a difference pattern with a small null beam (.25 ). A
secon d antenna transmits a similar signal such that the null
beams cross. The area thus isolated is then interrogated ,
and the reply is received at three receive sites. The
locat ion of the target can then be accurately determined by
a simple time— difference— of— arrival calculation. (This
system of reply receipt and processing is known as
mult ilateration receive) This is a very accurate system in
al l  opera t in g con di t ions an d coul d b e u se d with a s y n t h e t ic
d isplay and without ASDE. If used as part of a hybrid
s y s t e m  w i t h  ASDE , its accuracy requirements would be
reduce d. When being used alone with a synthetic display it
is blind to non—beacon equipped vehicles and does not
provide aircraft extent (size and shape) information ,
there by possibly compromising runway safety.

Alternative S2 augments Si by adding magnetic loop detectors
at critical points on the airport surface to detect the
presence of obstacles such as aircraft wingtips or tails and
unequip ped vehicles.

Alternat ive 53 attempts to simplify the spatial
interrogation system by having only one interrogator site
centrally locate d. Al]. aircraft in the beam will now be
interrogated introducing synchronous garble as a possible

6
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problem. Also , since one site must survey the entire
s u r f a ce , it would have to be elevated (anywhere from 100 to
300 feet above the airport surface), and the feasibility and
acc ur acy lim it at i o n s  of an e l e v a t e d  a n t e n n a  in te r ro gat in g
an d receiving replies from surface aircraft with belly—
mounte d transponder antennas is not known. The interrogator
antenna could either be rotating or a syst .m of phased
arrays. It is presumed that this system , if technically
viable , woul d be less costly than the spatial interrogation
tec hnique.

A f u r t h e r  re du c t i o n  in c o m p l e x ity  ( an d cos t ) is a t t e m p te d in
alternat ive SID by eliminating the multilateration receive
mo de. This single antenna system suffers from a significant
loss of a c c u r a c y  an d coul d on ly be use d w i t h a h y b r id
display if at all.

Al terna ti ve S5 el imin a tes  t he beacon  s y s t e m  a l to get her an d
rel ies on tracking of digitized ASDE— 3 data to determine
identity. This would require an ARTS— Ill interface and
m a n u a l  in put to  c o r r e l a t e  a ir c r a f t  id en t if ic at ion an d t a r get
returns. Major technical feasibility questions and
in c rea se d c o n t r o l l e r  w o r k l o a d are t h e  ma jor d raw ba ck s to
this alternative.

B. TAGS Processor

The processor requirements vary with both the surveillance
an d display alternatives used. Very sophisticated
processin g is required for surveillance alternative Si ,
whereas SLD requirements are rela~~~;~~.v simple. The demands
for display output formatting ant. ‘In g vary greatly also.

C. TAGS Display Signal Integration

D isp lay  s igna l  in t e g r a t ion is ne ces sa ry  o n l y  f o r  t h e  Hy br id
display opti -’n. The synthetic display could be driven
directly from the TAGS processor. The alternatives (Ii
through 114) shown in Figure 2 are not separable
a l t e r n a t ives , but rather are devices used in various
combinations to produce output for the hybrid display. Four
possible alternative combinations are shown in Figure IV.

An opt ical scan converter (Ii) is an analog device
• consisting basically of a TV camera and associated

electron ics. The radar PPI display is used as input . It is
“photographed” by the TV camera and the high update rate
f r o m t h e  TV s y s t e m  can  b e u sed  to  ge n e r a t e  t h e  B R I T E  tower
display. This is the system used in the field today for all
tower BRITEs. Opti cal scan converters are difficult to
bu i l d in p r o d u c t i o n , repeatabil ity of performance is more an

9
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art than a s ci en c e , and the device is therefore d iff icult to
set up and maintain in the field.

The digital scan converter (12) is a device designed to
el iminate the shortcomings of optical scan conversion. The
a n a l o g  r a d a r  v i d e o  is c o n v e r t e d  to  digital , store d in
m e m o r y ,  and read  out  and c o n v e r t e d  ba ck  to a n a l o g  in a
s y n c h r o n o u s  m a n n e r  to  g e n e r a t e  a TV s i g n a l .  N o t e  t h a t  t h e
final mechanization shown in Figure 14 requires a more
sophisticated design than the mechanization immediately
preceding it. This is a development item and has potential
in 0&M cost reduction for both ASTC and ASR BRITE displays
in the tower cab.

The alpha—numeric display generator (13) is a device which
generates alpha—numeric characters and symbols in a TV
format. A video m ixer (114) simply superimposes two TV
inputs into one TV output signal.

D. TAGS DISPLAY

The hy brid display (Dl) is a BRITE TV display . It shows the
ASDE vi deo and would superimpose target identifiers
correlate d with the target position . Note that this

• correlat ion is relative , based on the absolute target
location as determined by two indepen dent (ASDE and TAGS)
sensor systems.

The sy nthetic display would be an all—digital , stroke—
wr it ten , BRITE display similar to the MAGNAVOX Tower Cab
Digital Display being used in the ARTS III Tampa—Sarasota

• project . This display has the advantage of a crisp, clean ,
uncluttered presentation .

TASK 2 — TAGS Reauirements Analysis

As can be seen from the discuss ion of Task 1 , the TAGS
alternatives are many and com plex . The analysis of these
alternat ives is , however , a necessi ty  not only to simplify
the TAGS development p rogram , but also because it will
become an integral part of the requirements analysis.

The purpose of the requirements analysis is to provide a
veh icle for agency approval of the TAGS progra~u. The
product of the requirements analysis will be - TAGS
requirements statement. The analysis and resulting
requirements statement will be in accordance with FAA Order
181 0.1 “System Acquisition Management .”

This task is being carrie d out as a joint effort with OSEM
(AEM— 1 00).

11
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T A S K  .3 — Feasibility Experiment: Beacon Centralized
Interrogation

As discussed under Task 1 , t he  t e c h n i c a l  f e a s ibi li ty  of t h e
Beacon Centralized Interrogation technique (surveillance

• alternatives , S3 and SID , Figure 2) has not been proven. The
ATCRBS Trilateration system tests bein g conducted at Boston
Logan Internatinal Airport can conveniently be extended to
perform the required feasibility experiments. The approach
would be to move one of the electronically scanne d antennas V
from its present location to the roof of the old tower
building. Only a portion of the Logan surface could be
s u r v e y e d , b u t  c o v e r a g e  w o u l d  be s u f f i c i e n t  f o r  t h e
feasibility experiment . The p resent  availability of
resources , bot h man power and e quipment , p lus the poten tial
for cost sav ings , makes the feasibility investigation of
central ized beacon interrogation a logical portion of the
FY—7 8 TAGS program.

TASK ~ — Generat ion of the TAGS EDPP

This final task of the FY—78 TAGS program is the generation
of an Eng ineering and Development Program Plan for TAGS in

• accor dance with SRDS Order RD 9500.6. The plan will
document the TAGS program objective and define a

• com prehensive effort to achieve that objective . The EDPP is
• the final product of the FY—78 TAGS program.

12
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~1RESOURCES /SCHEDULES

The TAGS subprogram (1143— 103) is a part of the Airport
Surface Traffic Control program element (1143). M. Perie ,
ARD— 1 02 , is the ASTC program manager.

Port ions of tasks i, 2, 3 and 14 will be accomplished by TSC.
Suffic ient in—house resources have been allocated by TSC to
su pport these tasks an d to com p lete ATCRBS Tr ilaterat ion
tests.

The rema inder of tasks 1 and 2 is to b e accom plished throu gh
OSEM by TSC and MITRE analysts. These resources have been
secured by AEM— iO0.

• The TAGS EDPP will be written by the ASTC program manager.

The only contractual resource re quired is $50 ,000 to
accom plish the beacon central ized interrogat ion fea s ibil ity
ex periment . This was not in the FY—78 R&D program , but has
been covered by reallocation within ARD — iO0 resources.

The schedule for the FY—7 8 TAGS develo pment is shown in
Figure 5.

13
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