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PREFACE 
-

This report was prepared unde r Project Plan Agreement FA-744 ,
“Major Systems Development Programs Integration Analysis”,
sponsored by the Federal Aviation Administration (FAA), Office

of Systems Engineering Management (OSEM). It documents the first

phase of a three phase effort to study the impact on the tower cab
environment of introducing Major Systems elements (UG3RD Systems)
into the CONUS ATC System .

The authors wish to acknowledge the cooperation of many FAA
personnel , and in particular the helpful comments and suggestions

of Messrs . T. Kolankiewicz (SRDS), H. Wachsman (SRDS), and
F. Hierbaum (NAFEC).
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1. I NTRO D UCTION

This is the first of a ser ies of three inter im reports which
will be combined into a final report on the subject of tower-

re la ted  systems i n t e g r a t i o n  a n a l y s i s .  The tower sys tem s ana lys is
is part of a joint study team activity whose purpose it is to

examine the planned implementation of Upgraded Third Generation

(UG3RD) Air Traffic Control system elemen ts in the CONUS ATC
system for the 1985 - 1990 time frame . The objectives of the joint

team are to carry out a study and produce a document that will:

1) des cr ibe and h ighl ight techn ical and operational interface
between UG3RD system elements and 2) identify interface and time

phasing issues to be addressed by FAA management .
The study team consists of members from FAA (OSEM, SRDS , and

NAFEC) , TSC , and MITRE METREK. FAA ’s Off ice of Systems Engineer-
ing Management (OSEM) is leading and coordinating the joint study

team . TSC’s responsibility on this team is the tower-related

systems area.
— 

. The current ATC systems must be examin ed and described in
order to form a baseline for the integration analysis. This

report  forms the base l ine  desc r ip t ion  of the  tower sys tems and
the tower cab environment as they exist today. An effort was made

to touch upo n all sys tems and f unc ti ons wh ich rela te to tow er
operations and which mi ght be affected in the future by the inte-

grat ion of UG3RD systems such as Wake Vortex Advisory (WVAS) , Wind

Shear Detec t ion  (WSD) , ARTS I I I  and ARTS I I  E n h a n c e m e n t s , A i r p o r t
Surface  T r a f f i c  Control  - Tower Airport Ground Surveillance (ASTC-

TAGS) , and Term inal Interface Processing System (TIPS).
This  report  w i l l  be followed by a second report which will

descr ibe the tower-related UG3RD systems , the ir devel opment and
deployment  sta tus , equ ipment , and planned interfaces. The third

and m a j o r  report  w i l l  p o s t u l a t e  tower cab c o n f i g u r a t i o n s  and
operations in the 1985-1990 t i m e - f r a m e , a f t e r  i n t e g r a t i o n  of
appropr iate UG 3RD elements , and analyze the resul ti ng tower cab
s i t u a t i o n  r e l a t i v e  to opera t ions , human factors , d i sp l ays , and
au tomat ion  cons ide ra t ions .  General  i n t e r f a c e  problems and t ime-
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phasing issues will be hig hli ghted.

Abbreviations and acronyms used in this report may be found

- in the Glossary .

*
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2. TOWER CAB EVOLUTION

.l BACKGROUND

A i r  T r a f f i c  Con t ro l  to towers  has been es tab l i shed  to provide
for a safe , orderly and expeditious flow of traffic on and in the

v i c i n i t y  of an a i r p o r t .  When the r e s p o n s i b i l i t y  has been so dele-
g a t e d , towers  also provide for the separation of IFR aircraft in

the terminal areas (Approach Control).

The first radio equipped tower cab was i n s t a l l e d  at C leve land
M u n i c i p a l  A i r p o r t  in 1930. The f i r s t  towers  were not f e d e r a l l y

- funded but were owned privately or by local gove rnmen t s .
The cab responsibilities were to sequence arrivals for landing and

to regulate runway utilization (i.e., arrivals and departures).

Separation was maintained by the pilots on a see and be seen basis.

Guidance and navigation between airports was performed by the

pilots through the use of radio or light beacons and somewhat later

by four-course radio range stations . The only control exercised

was at the airports by the cab controllers. The control was VFR

in nature , and the majority of today ’s over 400 tower cabs still

operate in much the same way.

In the early 1930’s, aircraft began flying between airports

using radio range stations , compass , etc., (IFR flight) when visual

conditions did not permit the use of visual ground references.

Several airports became quite congested even in IFR conditions.

To permit sequencing and separation of IFR aircraft , the airlines

established three Airway Traffic Control Centers , wh ich cover ed
the airspace within 50 miles of three airports: Chicago , Clev ela nd ,
and Newark. Communication with the pilots in the airspace was

carried out over voice radio by airline dispatchers and/or airline

ground communication stations. The ATC Centers in turn communicated

with the stations/dispatchers by ground line interphone. Surveil-

lance of the IFR traffic was accomplished through pilots reporting
their positions by radio to the ground stations to be relayed to
the Centers. Reports were required every 15 minutes , and the
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location of each aircraft was tracked using markers on an area
map.  F l i g h t  d a t a  on each t a r g e t  was maintained at first on a

b1ack~’oard and later on flight progress strips.

In 193~ the Federal government took over the operat ion of the

ARTCC ’s (first generation ATC system). Through 1941 the government

expanded the number of Centers and their coverage until in 1942

there were 23 Centers giving 100 percent airway coverage. The

Air Route Traffic Control Centers were establis hed primarily to

provide air traffic service to aircraft operating on IFR fli ght

plans within controlled airspace , and principally during the en-

route phase of flight. Teletype systems were installed between

Centers and the ground Aeronautical Communications Stations to

facilitate the message relay function.

In 1941, the government extended its jurisdiction to Airport

Traffic Control , i.e., tower cabs. For the first time , conven-

tional non-radar approach control was delegated from the Center

to the cab. By 1946 there were 146 tower cabs although only a

few had approach control authority.

In the late 1940’s the second generation ATC system began to

evolve with direc t pilot to controller communication and the intro-

duction of radar. Radar was first used in the airport terminal

area for approach control. Initiall y it was installed in the cab
with a viewing hood but soon after was installed in a special low-

ambient-light-level room , known as the TRACON , for Terminal Radar

Control. The radar for TRACON use was called Airport Surveillance
Radar (ASR). That used b y the center was Air Route Surveillance
Rad ar (AR SR ) .

In the 1960’s,the third generation ATC system began with the

introduction of the Air Traffic Control Radar Beacon System (ATCRBS)

and Flight Data Entry and Printout (FDEP) equi pment. ATCRBS pro-

vided an enhanced radar target with which to identify each equipped

target. FDEP facilitated the exchange of flight plan information

and flight progress strips between centers and major towers w h i c h
was previously accomplished by means of teletype equipment. Also
in the 1960’s , airport ground surveillance rddar (ASDE-2) was
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developed and deployed as a low visibility surveillance aid to
cab controllers. The TV video-scan-converted brig ht d i sp l ay  was
introduced permitting a bright ASDE-2 and ASR display for use in
the cab.

2 . 2  TOWER CLASSI F I C A T I ON

Towers have had a number of different types of classifications

over the years and have come a long way since the first radio

equipped tower. It operated on low and medium frequency radio

equipment and , with the exception of air carriers , many of its

patrons had no radio , or had only a receiver. It and similar

towers that followed in the next few years were strictly VFR towers.

Their only responsibility relative to IFR traffic was to insure

that IFR arrivals and departures were adequately protected from

other traffic . These towers were connected to the ARTCC by inter-

phone. They received and delivered IFR clearances , and als o
provided the Center with IFR arrival and departure times. Figure

2.2-1 shows the basic ATC data distribution system .

Operational necessity forced the growth of air traffic

management and its associated facilities which included classifi-

cation , size , manning , and equipment. Using Boston ’s Logan Tower
as an example , we can trace the evolution of a tower cab to the
present day .

2.2.1 VFR Tower (Boston)

Boston Tower started as a municipally owned and opera ted VFR
tower .  I t  guarded and t r an smi t t ed  on two or th ree  radio f requen-
cies and was manned by one or two cont ro l le rs  per shift . One man

• handled the t r a f f i c  and h is  a s s i s t an t  or supervisor  handled the
other de ta i l s .  As t r a f f i c  increased , add i t i ona l  personnel  were
added to busy shifts. Their duties were broken down into classifi-

cations similar to those of today , namely a local con tro l l e r , a
ground cont ro l le r , and a f l i g h t  data pos i t ion .  VHF f requenc ies
were i n s t a l l ed  for  civil  av i a t i on  and UHF for military operations.
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~.2.2 Non-radar Approach Control (Boston Tower)

In  the earls ’ 1940 ’ s due to additional traffic , ARTCC ’S were

forced to delegate approach control authority to busy terminals.

The tower still retained VFR responsibility, and for the approach

control function , it was given additional horizontal and vertical

airspace , additional manning , and one or more redio frequencies

f o r  the arrival and departure IFR traffic. As IFR traffic in-

creased in the terminal area , additional altitudes were authorized ,

and horizontal airspace was increased to accommodate VFR towered

or untowered satellite fields. The tower ’s responsibility at -:
satellite fields was only for the IFR traffic in the designated

airspace.

2.2.3 Radar Approach Cont ro l

Some a t t empt s  were made in la te  40’s and ear ly  50 ’ s to bring
radar information in to tower cab s from nearby military radars.

This arrangement did provide additional capability for approach
cont rol .  However , it was not completely satisfactory because the
radar scan rate was slow , and i t  ~as necessary to hood the scopes
in order to compensate for the high ambient light during the day-

time. A precision approach radar (PAR) was installed in some

towers , for monitoring ILS approaches. Once again its utility

was limited by the need to use hooded scopes.

2 . 2 .4 Tower/ RAPCON / TRACON - Bo ston Approach Control

Rada r Appro ach Con trol (RA PCON) was developed in the ea rly
1950’s by the United States Air force and was the forerunner of

the curren t FAA TRACON. I t used the IFR room conc ept ( a separa te
room for radar displays) and clearly demonstrated its operational

e f f e c tiveness and paved the way for the current TRACON operation.
It is mentioned here to show the transition of the radar approach

control function out of the tower cab to a separate facility , —

usua l ly  located in the same bu i ld ing .

As t ime  went  on , the question was raised as to the value of
remoting radar presentations in the IFR room to the tower cab
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for use by the local controller. The BRITE* display concept was

developed , and today busy terminals have one or more BRITE displays

in the tower cab.

Also during this evolutionary period , Airport Surface Detec-

tion Equipment (ASDE) was developed. At first it was used to

survey portions of the ramp area that could not be seen from the

tower cab since most early towers were placed on two - or three-

story airport administration buildings. Now , most busy airports

have high-elevation towers so that much of the ramp visibility

problem is eliminated. However , as landing visibility minima were

reduced , ASDE became a valuable tool for low-visibility approaches ,

runway crossings , and taxiway traffic operations.

Many of the busy terminals have ASDE-2 type equipment and

despite some limitations it is valuable in increasing airport

capacity as well as in improving operational safety. A new ,

improved ASDE-3 is scheduled for procurement by 1980. Further

details on both BRITE displays and ASDE appear in Section 5 of

this report.

Currently the Boston Tower Cab has reverted to a VFR tower

with some limited approach control authority for the local control-

lers becaus e of its BRITE display capability . This completes the

description of the Boston Tower.

2 . 2. 5 TRACAB

The so-c alled TRACAB is relatively new concept , with 39 in-

stallations in the U.S. Many towers having non-radar approach

control authority and responsibility for a number of towered and

untowered  s a t e l l i t e  f i e lds  do not c u r r e n t l y  have the traffic to

w a r r a n t  a f u l l  TRACON i n s t a l l a t i o n .  At a TRACAB site, an ASR is
installed near the tower and using the BRITE display concept , the

radar information is relayed to the tower. There are usually
U

Bright Radar Indicator Tower Equipment. See Section 5 for Dis-
cuss ion.
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three BRITE displays; one for radar arrival , one for radar depar-

ture , and one for Local Control. Usually two additional radio

frequencies are added and the number of personnel is increased to

handle the radar positions.

2.2.6 Flight Service Stations

Flight Service Stations are the Air Traffic Service facilities

within the National Airspace System, which have the prime responsi-

bility for preflight pilot briefi ng , en route communications with

VFR flights , assisting lost VFR aircraft , or ig ina ting NOTAM S,
broadcasting aviation weather info rmation , accepting - and closing

flight plans , monitoring radio NAVAIDS , participating with search

and rescue units in locating missing VFR aircraft , and opera ting
the national weather teletypewriter systems. In addition , at

selected locations , FSS’s take weather observations , issue airport

advisories , administer airman written examinations , and adv ise
Customs and Immigration of transborder flight.

The modern Flight Service Stations (FSS) were created in the

early 1950’s t o s a t i s f y Genera l  A v i a t i o n  r e q u i r e m e n t s .  Many were
in quarters that included pilo t briefing rooms with U.S. Weather
Bureau personnel available. At other locations, one ATC spec ial ist
with appropriate training carried out the FSS function in the tower

cab . This individual provided all the services of a FSS except

face-to-face pilot briefings. Although this arrangement was

operationally suitable , the pre sence of the FSS with its tele-

printers introduced a disruptive noise factor into the tower.

Currently the FAA is phasing out Flight Service Stations in tower

cab s.

2.2.7 Towers - General

There are approximately 12 ,000 landing areas in the United

States; in 1976 , 4 13 had FAA towe rs . The FAA ha s con tin u a l l y
modified the original criteria for tower installation and staffing

in order to accommodate changing operational requirements. There

are some older towers which would not qualify for theit present
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classification under the latest criteria. Some towers that do

not qualif y under the to~ er activity criteria quali f y for economic

or other special reasons.

There are still towers which are FAA certificated , but are

not FAA operated. Most towers operate from early morning to late

evening , i.e., 12 , I~~, or 18 hours a day depending on the nature

of the traffic . Furthermore , there are seasonal towers that operate

onl y in the summer , and , of course , there are military towers.

In conclusion , where there is a need for a tower it is usually

sat isfied , and the nature of the need dictates the tower qualifi-

cation level as well as its staffing, equipment , and number of

radio frequencies.

Table 2 .2-1 shows typ ical levels of air traffic operations

for which particular tower configurations , services , and equipment

have been provided.
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3. CAB STAFFING LEVELS

There are five levels of o p e r a t i o n  used in determinin g tower

staffing . They are as f o l l o w s :

Level Type Staffing Example

1 VFR 8 Controllers Hyannis , MA
1 Chief

2 Heavy VF R 12 C o n t r o l l e r s  Po r t l and , HF.
or/Conventional 2 Ass ’t Chiefs TRACAB
Appr. Control 1 Chief
or TRACAB

3 Tower/TRACON Variable according Bradley Int .
to Special Factors Windsor Locks ,

CT

4 U s u a l l y  TCA ’ s V a r i a b l e  according Logan Int.
(Terminal Control to Special Factors Boston , MA
Areas)

5 Heavy Volume Variable according Atlanta , (‘,A
TCA ’ s to Special Factors O’Hare ,

Chicago , IL

One can see tha t  s t a f f i n g  for  level one and level two is well-

def ined. Level 3, 4, and 5 towers are u sua l ly  Tower /TRACON instal-
l a t ions  whose manning is dictated by operational requirements.

Level 4 and 5 i n s t a l l a t i o n s  are  TCA ’s for which  there is no standard .

For each level of operation there is a defined set of tower —

p o s i t i o n s  as fo l l ows :

Level Positions Number of VHF Example
Frequencies

• 1 Shift Supervisor 2/3 Hyannis , MA
Loc al Control
Ground Control

2 Shift Supervisor 3/4 P o r t l a n d , HF
Loca l Control TRACAB
Ground Control
Radar Arriva l*
Rada r Depar ture *
Flight Data

*TRA CABS on ly
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Level P o s i t i o n s  Number  of VHF Exam ple
F r e q u e n c i e s

3 Shift Supervisor 4/5 Bradley m t .
Local Control Windsor Locks ,
Ground Contro l CT
F l i g h t D a ta
Clearance Delivery

4 Shift Supervisor 5/6 Logan Int.
F l i g h t  Data Boston , MA

• Clearance Delivery
Ground Control
Local C o n t r o l  ( 2 )
Skyway Control*

5 Shift Supervisor As Required Atlanta , GA
Flight Data

• Clearance Delivery
Ground Control (2)
Local Control (3)
Gatehold

There are few problems in s t a f f i n g  Level 1, 2 , and 3 types of
tower cabs. Levels 4 and S in many ins tances  do have problems due
to the apparent stress involved in handling the air traffic associ-

ated with these towers. The ground control position is often very

demanding. Relief can be obtained through utilization of two

ground control positions . However , at some airports , geogra phy
and ground t r a f f i c  pa t te rns  make th i s  imposs ib le .  In Denver ,
Colorado , fo r exa mple , Stapleton Airport ’s runway and taxiway lay-

out combined with a narrow congested ramp area containing a number
of in tersec t ions , requires that  a s ingle person handle the ground
traffic , since coordination between two controllers would be

ex t remely  d i f f i c u l t .  During busy per iods  of the day,  the ground
controller carries on nearly continuous radio communica t ion .

Skyway Control  is a special factors position. At Logan , i t
oper ates 5 days a week dur ing commuting rush hours to handle
hel icop ters and ligh t aircraft repor ting on the ground traffic
in the Boston m e t r o p o l i t a n  area.
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‘!. CAB OPERATION S ANA LY SIS

4 .1 INTRODUCTION

In establish jni~ t h e  ha -s e line •i~~ i i  r i - ’ t ~h i~~I, I - es t i T - I  e the

impact of the introduction of new eqUipment m I T  t hI tower cab

under the UG3RD program , it would he d e sirabl e to de scribe a stan-

dard , or average , or typical cab of today. tlnf ortunatel y , suc h a

standard cab does not exist. Alternatively, it is necessar y to

identify the elements common to many cabs and to develop the logic

for the assignment of these elements to various cab positions and

locations as a function of the total operational situation. The

relationships of elements to cab locations are illustrated in this

section through examples of various cab layouts.

The approach used is to d e f i n e  the  f u n c t i o n s  t h a t  ATC
s p e c i a l i s t s  mus t  car ry  out in cabs and to i d e n t i f y  the equipment

- 
now used to support these functions. The allocation of functions

to duty positions is then addressed , and some basic and special

• equipment packages usually found at these positions are defined .

The specific way in which positions are located in various cabs is

illustrated for several towers. Finally, some current perceived

problems related to cab operations are identified

Th is anal ys is is based on de ta i led descr i p t ions  of con t ro l
tower operations developed in support of a system simulation

project 1 and an improved airport surface traffic control system .2

These desc r ip t ions  were supplemented  w i t h  popular  a r t i c l e s  on
control towers 3’4 and visits to control towers in Boston , MA;
Ph i ladel phia , PA; Balt imore , MD; Washington (National) DC;

Por t la nd , ME; and Bedford , MA. D e t a i l e d  da ta  on tower equipment

and lay ou ts were ob ta ined from the series: “Terminal Facilities

C o n f i g u r a t i o n  and Data Survey , ” pub l i shed  by the FAA ’ s N a t i o n a l

• Aviation Facilities Experimental Center (NAFEC).5 Information

on tower procedures was taken from the DOT “Air Traffic Control”

manua l . 6
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4 . 2  FUNCTIONS PERFOR I~1ED BY TOWER PERSONNEL

4.2.1 Types of Functions

Although positions , layouts , and duty assi gnments may differ
significantly from tower to tower , there are certain functions

tha t  must  be performed by the personnel  in any tower wherever  i t
may be and however its contents may be a r ranged . These f u n c t i o n s  •

provide  a conven ien t  starting point for the analysis of tower
opera t ions .

Very generally, tower personnel perform two major functions;
1) they issue in s t ruc t ions  to the  p i l o t s  of a i r c r a f t  to m a i n t a i n
safe separa t ion  bo th , on the ground and in the  a i r , and 2) they
relay information to help the pilots manage their aircraft safely

and efficiently. In addition , they record certain information.

Some kinds of recorded information serve as reminders to help the

controllers perform their major functions (operational information) ;

other informa tion is recorded to fulfill FAA and local requirements
for  record keeping ( admins t r a t i ve  information) . Finally, there
are general housekeeping functions that support operat ions , making
it possible to perform the primary tasks.

4.2.2 Functions Involving the Control of Aircraft

Control functions include issuing various clearances , issuing

specific commands , and asking questions. These all involve direct

communication between a controller and a pilot.

Clearances include permission to start a pushback f rom a
gate , to s t a r t  t a x i i n g  to a runway , to take o f f , to land , and to
tax i across a runway or taxiway . Each clearance includes the

bas ic information requ ired by the p ilot to perform the function
s a f e l y .

Commands include order s , such as to hold at a given position ,
to resum e t a x i i n g , to y i e l d  to other traffic , to report back to a
c o n t r o l l e r  on a r r i v i n g  at a s p e c i f i e d  poin t , to change radio  fre-
quency , to contact another controller , to execute a missed ap-

proach , to t ranspond (“ squawk”)  a spec i f i c  beacon code , to fo l low
a spec i f i ed  tax i route , to execute a spec i f ied  heading  or t u rn , to - -
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m a i n t a i n  a s p e c i f i e d  a l t i t u d e , to m a i n t a i n  a specified speed , and
to execute  emergency i n s t r u c t i o n s .

Queries may include questions as to an aircraft ’s location ,

i d e n t i f i c a t i o n , or d e s t i n a t i o n ;  the p il o t ’ s i n t e n t i o n s ;  the traffic
observable from the aircraft; the weather conditions in the vicinity

of the aircraft; and the status of the aircraft or occupants in

an emergency .

4.2.3 Functions Involving Relaying Information

Tower personnel may relay information to pilots , to other
tower personnel , to other ATC personnel or to other people outside

the ATC system. The principal kinds of information they relay to

pilots include data about flight clearances and information on
local conditions that can affect the safe movement of aircraft.
They also report the occurrence of various events to appropriate
agents , receive such notifications from these agents , and pass on

notifications to other tower personnel .

Flight clearance data transmitted to pilots may simply verify
tha t  a c learance is approved as filed. Otten , controllers must
inform pilots of changes in clearance , beacon code assignments ,
radio frequencies to monitor or use , runway and taxiway assignments ,
and var ious  r e st r i c t i ons  on opera t ions .

Local conditions relayed from tower to aircraft include
weather information (routing plus such specialized data as RVR,RVV ,
vortex warning s and wind shear hazards), SIGMETS , NOTAMS , altimeter
setting , runway information , specialized restrictions , and location
of other aircraft (on the ground and airborne). Sometimes much of
th is  in fo rma t ion  is voice taped for ATIS broadcast. In this case ,
the letter designating the current ATIS in effect is routinely

— re layed from the tower to the a i r c r a f t .

Often , such information is relayed from person to person in
the tower , or between the tower and other ATC facilities (TRACON ,
ARTCC , FSS) or other interested agencies (NWS, airport management ,
a i r l ines , emergency services , e t c . ) .  Such communica t ions  may also
entail notification of the occurrence of events , such as , a take-
o f f , a land ing , a handof f , a ga te hold , and the l ike.
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4.2.4 Functions Involving Recording Information

Information regularly recorded in towers includes the t ime

tha t  s i g n i f i c a n t  events  occurred , the simple fact that certain

events  occu r red , and various items of data relevant to the opera-

t ions.

Times recorded r e g u l a r l y  i nc lude  the  t i m e  of t a k e o f f  or land-
ing of each a i r c r a f t , the t ime  a missed  approach was i n i t i a t e d ,
the t ime  of d e l i v e r y  of each c learance , an d the t i me ga t e  holds

were initiated or removed.

The f ac t  tha t  an event occurred is recorded generally by

p u t t i n g  a check mark  in a des igna ted  l oca t i on  or drawing a line

th rough a recorded i tem on the f l i g h t  s t r i p .  I tems  r e g u l a r l y
checked o f f  include the d e l i v e r y  of a c learance , the  n o t i f i c a t i o n
to a p i lo t  of beacon code assignment , the completion of a handoff ,

and the fac t  tha t  a clearance has been val ida ted by the ARTCC .

I tems of da ta  regularly recorded include the beacon code

ass igned , the ga te  for  depar ture  or a r r i v a l , changes  in previously
recorded data , and additional items locally required for entry on

flight progress strips. It should be noted that local facility

d i r e c t i v e s  may also require the emphasis of some data on flight
strips by c i r c l i n g  or u n d e r l i n i ng , o f t e n  in red. Records of

traffic counts are regularly made on special forms , sometimes

i n i t i a l l y  recorded on mechan ica l  counters . Taped voice recordings
are made p e r i o d i c a l l y  in towers equipped with the ATIS system for
broadcasting local weather and operational conditions.

4.2.5 ~up_port Functions

In order to pe r fo rm the r equ i r ed  co n t r o l , i n f o r m a t i o n  relay ,
and information recording functions , tower personnel must be able ‘

to exerc ise  some control over many items of supporting equipment.
Equ ipmen t  con t ro l  devices  t h e r ef o r e  m u s t  be ope ra t ed  in the tower .
All towers have the capability for controlling runway , approach ,
and tax iway l ights. In some towers , the occupan t s  can cont ro l
radar equipment. Every BRITE display must be adjusted for
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brightness , contrast , and other paramete rs . There is also provi-

sion for monitoring and controlling such landing aids as DME , VOR

and ILS .

4 . 3  EQUIPMENT USED TO PERFOR M F U N C T I O N S

Each f u n c t i o n  to be p e r f o r m e d  requires certain equipment.

C o m m u n i c a t i o n s  f u n c t i o n s  r equ i r e  t e l e p h o n e , i n t e r p hone , and radio

equipment. Monitoring of air and ground situations requires

windows. When visibility is restricted , radar and television

equ ipment  may be used , with associated disp lays and controls in

the cab . To relay information , one must receive it; thus printers ,

electrowriters , weather instruments , and the like are required.

Like~ ise , switch and control panels are needed for turning lights

on and off , selecting and tuning radio equipment , etc.

For each function described in Section 4.2 , the information

and action requirements associated with the function have been

identified , together with the equipment or aids currentl y in

general use for meeting these needs. This information is summar-
i zed in Table 4.4~ l.

4.4 ALLOCATI ON OF FUNCTIONS TO TOWER POSITIONS

4.4.1 ~~pes of Positions

The United States Civil Service Commission Position-Classi-
fication Standards describe towe r positions in this way : “Work
in terminals is divided into functions or ‘positions of operation. ’
One function may consist of controlling aircraft on the ground: a
second function may consist of assigning runways to arriving and
departing aircraft and sequencing their movements; a third function
may consist of controlling arriving and departin g traffic through
the use of radar , etc. Controllers rotate through the functions
for relief from the continuous stress and pressure that are char-
acteristic of the most diffic ult ‘positions of operation. ’ Normal-
ly during an average day, controllers perform several of these
functi ons.
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The number and names of positions vary somewhat from tower to

tower. However , ever~ tower has a Local C o n t r o l , a Ground Control ,

and either a Clearance Delivery or a Flight Data position , often

both. In addition , some kind of supervisory position is manned.

Additiona l positions may he found at large airports. The exact

allocation of functions to the positions will vary with the work-

load and airport configuration. However , the generalizations of

the following sections are adequatel y representative for the pur-

poses of this analysis.

4.4.2 Local Control (LC)

This position controls all airborne operations in the terminal

area (generally within a radius of five miles and below 3 ,000 feet

altitude). The position controls takeoffs and landings and the

movement of arriving aircraft on the ground until clear of active

runways. LC issues clearances to takeoff and land , issues commands

for maintaining safe separation of aircraft airborne and  on the

ground near active runways , relays pertinent information on ~.eather

and local conditions using V/UHF radio facilities. At appropriate

times , LC hands-off aircraft to other controllers. LC also deter -

mines , selects and controls approach , runway , and taxiwav 1 ights ,
operates controls for special equipment (such as BRITE displays),

monitors the status of landing aids , and marks flighc stri ps as
required . In emergencies , LC must ascertain the condition of

equipment and personnel in an aircraft experiencing an emergenc y ,
determine the pilots ’s intentions , and issue appropriate commands
to other aircraft.

4.4.3 Ground Control (CG)

This position controls the movement of aircraft on t he g r o u n d
between the runways and the term inal gates and of emergency and
service vehicles on taxiways and inactive runways. (C must coor-
dinate with LC when a taxiing aircraft must cross an  active runway .
GC selects taxiing routes , issues appropriate commands to taxiing
aircraft , and relays weather and field conditions to the aircraft
via V/UHF radio . GC may clear itinerant aircraft for takeoff when

4-9
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no con fli c t w ith LU would occur. CC marks flight progress strips

as requir ed. CC receives the handoffs of arriving aircraft from

LU and  receives departing aircra ft from Clearance Delivery (CD) or

1: 1 i ght D a t a  (Fl)), handing-off to LC .

4.4.4 C l e a r a n c e  D e l i v e r s ’  ( C D )

Th i s position delivers instrument clearances and related data

to departing airc raft by V/UHF radio , and max ’ relay local and route

info rmation as  r e q u i r e d .  CO receives clearance info rmation from

Fl) a n d  marks flig ht progress strips as required. CD hands of~
departing aim — craft to CC. Cl) assumes the duties of Fr) ~3hen t h a t

position is no t  manned.

4.4.~ Flig ht Data (I.Pi
T h i F  position generally acquires and prepares the data needed

a t  the other positions. FD receives flight plan data from the ARTCC

v i a  intercom or ( (lCD , prepa res and/or marks flight progress strips

as required , records ATIS information on voice tapes , posts and

disseminates other operational data as required , relays p ilot

reports to appropriate agencies , and maintains required records.

In some towers , FD is responsible for making , recording , and dis-
seminating hourly weather observations. FD may operate approach ,

runway , and taxi wav lig hts on order of LC. FD assumes the duties

of CD when that position is not manned.

4.1.6 Supervisor

Respon sibilit y for the entir2 operation of the tower cab must
be assi gned to a single person. Such a supervisor may bear one of

a number of titles , such as Tower Supervisor , Team Supervisor , or
Cab Coordinator. In the absence of a Supervisor , one of the con-
trol lers is desi gnated Controller in Charge. Regardless of the

title , a supervisor y function is recogni:ed , and a supervisor ’s
position is identified in every tower . The Supervisor oversees all
activities of the cab , provides the necessary assistance and decisions

in operational situations , maintains proper disci p line and conduct ,
and assures that offi cial procedures and po licies are carried out .
The supe rvis or assigns team personnel to the various positions
and manages their rotation through positions. The Supervisor

4-10
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(hith LU) selects the run ~ ays to be used , dete rmines when lig hts
a re  required , monitors and  controls the status of equipment and

supplies , and maintains coordination of cab operations w i t h  the
I R .\C ON or  .-\RTCC. I h i s  position monitors weather data and local

c o n d i t i o n s  and assures that the AIlS tape is prepared and the new

A IlS letter is disseminated . In emergencies , the Supervisor coordi-

nates with appropriate agencies (such as fire , rescue , police , and

other services). The Supervisor may stand in as temporary relief

a t  a ny  of the controller positions.

4.4. ’ Other Positions and Consolidated Positions

Depending on the nature of operations and workload , individual

towers max - provide additi c ti positions to assist the basic func-

tions. Operation of a position nay he divided between two con-

trollers , based on airport layout (North Local Control and South

Loc-il Control) or operational factors (Arrival Ground Control and

Departure Ground Control). Sometimes , the duties of a position

are shared with an assistant (Assistant Local Control. Local

Control Coordinator . Local Sequencer). Sometimes , special posi-

tions are established for operational conditions that place too

great a burden on the Local Controller (Helicopter Control , Satel-

lite Control , Skyway Control) or Clearance Delivery (Gate Hold) .

The number and nature of authori:ed positions varies from

towe r to tower , a l t hou g h t h e  fu n dame n t a l  p o s i t i on s ( L o c a l  Co n t r ol ,
Ground Control , and Clearance Delivery /Fli ght Data) are always

represented. Table 4.4-2 shows the authorized positions for 21

towers on which data were available. Obviously, there is no
“typical” tower.

Often , in quiet periods , some authorized postions are not
manned. All functions are accomplished b y consolidating positions ,
that is , by assigning the functions of two or more positions to a
single controller. The most common consolidations are Local Control

with Ground Control and Clearance Delivery with Flight Data; how-

ever , numerous other combinations are used depending on the demands

of the particular operations.
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In many towers , extra locations (in the sense of work spaces

in the tower) are set up to accommodate changes in the area of in-

terest. For example , LC may occupy Location No. I when arrivals

are mostl y from the west. On another day , with different t’.inds and

arrivals from the east , LC will work from location No. 2.

4.4.8 TRACAB Positions

A step in the cab growth cycle from the VFR tower to the

TRACON/Tower Cab involves installation of airport surveillance radar

(ASR) but not a radar room in the tower (see Section 2.2.5). In

these so-called TRACABS , two radar control positions have been

added to the tower cab: Approach Control (AC) and Departure Con-

trol (DC). These controllers are responsible for IFR aircraft and

special traffic between the area of Local Control and that of un-

route Control at the ARTCC (generally between 5 miles and 30 miles

from the airport ). Approach Control receives handoffs from the

ARTCC or adjacent Termina l Facility , issues air traffic control

instructions , clearances and radar vectors to separate inbound air-

craft , contacts DC to coordinate sequencing of inbound and outbound

traffic , relays information on weather and local conditions as nec-

essary, marks flight progress strips as required , and hands off to

LC.  The DC p o s i t i o n  per forms e s s e n t i a l l y  the same functions for

outbound aircraft.

4 . 4 . 9  Summary

With the excepticn of TRACABS , airport control tower positions

are alike in that all ahve Local Control , Ground Control , and

Clearance Delivery Flight Data positions. They differ in the exact

- - number and types of authorized positions , special variations on the

basic positions , and the ways that positions are consolidated to

meet varying operational demands.

Although no “typical” operation can he described , the fol lot%-
ing general description (derived from observations at three air-

ports) is offered as representative of many tot— er operations.

Despite differences in job titles , there is little difference

in the way operations are performed , and these differences are
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larg e l y a func t i o n  o f  the i -un t ~ay  configuration. For  example , in

t e r m s  o f  d u t i e s , the loc a l Sequencer po sit ion is equivalent to

\ s s i s t a n t  I,ocal (:ontrol or Local Coordinator in that the” organize

an d  a r r a n g e  f l i g h t  s t r i p s  f o r  t h e  Loca l  C o n t r o l l e r .  S i m i l a r l y ,

t h e  Cab  C o o r d i n a t o r  i s  e q u i v a  l e n t  to  ‘lean S u p e r v  i sor  a n d  to T o w e r

S u p e m - v i  sor  , a l t h o u g h  t h e r e  n ay  be some d i f f e r e n c e  in  g r a d e  l e v e l

f o r  t h e s e  v a r i o u s  p o s i t i o n s .

The Flight Data position i s  r e s p o n s i b l e  f o r  t e a r i n g  o f f  f l i g h t

strips as they are print e d , inserting them in plastic holders and

d e l i v e r i n g  t h e m  to  the Clearance Delivery position (CD). In the

absence of a letter of agreement authori:ing clearance on receipt

of t h e  fli ght stri p, t h e  CD ~‘a1ls the \RTCC for clearance. Upon

p ilot request , CD reads the clearance and  the pilot repeats it to

confirm correct recei pt. Cl) then initials the strip and passes

it along to Ground Control ((‘C). Upon receipt of a request from

an aircraft for pushback , CC issues taxi instruction , checking with

L o c a l  C o n t r o l  ( C C )  if there is a need to cross an active runway.

Control is passed over to 1.C for clearance to enter to the runway

to be used for takeoff and the fli ght stri p is passed along to the
I_C position t\here it is arranged in the takeoff flight strip holder.

\ s s i s t a n t  LC a l s o  c o m m un i c a L c s  w i t h  TRACON f o r  i n f o r m a t i o n  on

arrivals; these flight s t r ip s  are prepared by hand and include

only the aircra ft ID and assi gned runway and are arranged in land-

ing sequence for use by LC and later GC.

( v e r y  hour , the Cab Supervisor collects all used flight strips

a n d  r e c o r d s  t h e  t r a f f i c  count by aircraft category. He also directs

rotation of positions , mealtime schedules , and exchange of person-

nel between Cal) and TRACON. Cab duty is normally limited to four

hours , hut since there are usually more TRACON than cab personnel ,
n o t  a l l  p e r s o n n e l  man  a cab position on eve)” day.

These descri ptions of the major functions performed at posi-

tion s permit the correlation of the detailed functions of Section
4.2 with the basic tower positions. This has been done in Table
4.4-3 In the table , for each function an ‘N’ h~ls been entered under

each tower position w h e r e  that function is usually performed.

Entries in two or more positions may mean the function is perfo rmed
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a t  all indicated positions or t h a t  it is performed at one position

in some towers , a t  a n o t h e r  posit ion in other towers. In either

case , design of a working position should allow for access to a l l

equipment necessar y to perform the checked functions.

4 . 5  A L L O C A T I O N  OF E Q U I P M E N T  TO TO WE R P O S I T I O N S

4. 5. 1 Some Basic Equipment Packages

In Section 4.3, the equipment required and currently used was

identified for each function that has to be performed in a control

tower (Table 4-1). In Section 4.4 , the allocation of functions to

c o n t r o l  t o w e r  p o s i t i o n s  was  exp l a i n e d  and s u m m a r i z e d  in Table 4-3.

Bo’ c o m b i n i n g  t h i s  i n f o r m a t i o n , it is possible to deduce what kinds

of  e q u i p m e n t  s h o u l d  he at each tower position. However , because

there is great inter-tower variability both in the authorization

of positions and in the assignment of functions to positions .
there is no standard equipment package for each position.

Some basic generalities can be established. Every position

m u s t  c o m m u n i c a t e  freely with other facilities and organizations ,

so practically every position has a telephone (telco) package , ‘

including a handset , a dial , a keypack for selecting frequently

called extensions , and a speaker. Similarly, for intercommunica-

tions within the ATC system , every position has the FAA keypack and

speaker. Every position also has a microphone and a microphone

switch . The requirement for recording the exact time of many trans-

a c t i o n s  r e q u i r e s  a digita l clock at nearly every position. This

package of equipment is so basic that , to save repetition , it will
be referred to as Basic 1.

Positions requiring direct contact with aircraft (LC , GC , CD)

must have V/UHF~ radio equi pment - a transmitter selector panel , a
receiver selector panel , radio controls , and a speaker. These

positions also require fli ght strips , strip holders and a rack.

T h e r e  is enough generalit y here to warrant labeling this package
as Basic 2.

Positions which control aircraft movement are generally re-
quir ed to rela y weather info rmation and local conditions , generat-
l u g  a need for an altimeter setting indicator , wind speed and wind

4-18
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direction indicators , and indicators and controls for RVR , RVV , and

other v isihi l it o- instruments when available. These p o s i t i o n s  some-
times , although rarely, use the signal light gun. In some towers ,

aircraft operational activity is recorded by pressing a mechanical

counter for each transaction; so , when used , counters would be at

the positions controlling aircraft movement. This package of equip-

ment has been designated Basic 3.

There are some additional contro l and monitoring devices that

are generally grouped together for use by the supervisor or one of

the controllers , usually between designated position locations.

These include the switches for control of runway, approach , taxiway,

VASE , R E I L , cab , and any other lights requiring centralized control.
(there available , monitoring and control equipment for DM1 , ~‘OR and

ILS systems are generally located near the light switch panels.

This package of controls and indicators will be referred to as

Basic 4.

4.5.2 Types of Towers

Specialized equipment in tower cabs reflects the type of -~~er-

ations delegated to the tower. So a breakdown of operational tower

tYpes  is useful for categorizing tower equi pment. For th C s p u r p o s e
we will consider the following types: \‘FR tower , towe l’ with .* r-
proach control but no radar , tower with radar approach control
(TRAC AB) , and the cab/TRACON combination with ARTS I l l  or AR 4S
III facilities.

4.5.3 VFR Tower

Thc VFR tower generally will contain the Basic 1 package at
all positions; n addition , Basic 2 and 3 a t  LC , CC , a nd CI) , and
Basic 4 near the LC position , possibly between LC and CC. When
available , FD w i l l  also have the FDEP printer and keyboard , the

• equipment for making ATIS tape recordings , and an lilectrowriter or

Telautograph for weather and information on local conditions. Some
VFR towers are responsible for taking limited weather observations
(I..-\WRS); in these towers , the re  may be a c e i l o m e t e r  i n d i c a t o r  a t
the FD position. The supervisor , in addition to Basic 1 , may have
special telephones to fire , search and res cue , Coast Guard , and
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similar operations. Controls for cab heating , ventilation and air

conditioning mae also be located near the supervisor.

4.5.4 Tower-No Radar , A p p r o a c h  C o n t r o l

Where a 4-ower has an approach control function but no radar ,

an Approach Control position m a y  he added , h u t the  equ ip m en t is the

same as in Secti an 4.5.3 , since control is exercised via VHF radio.

4.5.5 Tower W ith Radar Approach Con trol - TRACAB and Cab/TRACON

With ASR added , the Radar Approach Control and Departure Con-

tro l positions may be established in the tower cab , constituting a

TRACAB (see Section 4.4.8). E ach of these positions , which may be

consolidated when operations are li ght , will require the Basic 1

and 2 packages. In addition , each position will have a panel of

switches for selecting those sets of beacon codes which will be
displayed to that position , and a BRITE radar displa y with its

info rmation is also made available to the LC and CC via BRITE equip-
ment. At this level of operation , LC or GC may also have a small

television monitor as backup for the BRITE , and sometimes special

closed-circuit low-light-level television (LLLTV ) to fill in

v i s ual cov e r age of a r e a s  not clearly visible from the windows.

I f t h e  po s i t i o n s  of AC an d DC a r e l o c a t e d  i n a sepa r a t e  r ada r
room (TRACON), the cab equipment of this cab/TRACON combination is

the same as the TRACAB less AC and DC.

4.5.6 C a b / T R A C O N -  ARTS I I  a n d  AR’I ’S I l l

W i t h  t he  •-~RTS I I  o r  I I I  sy s t e m s , t h e  p r i n c i p a l  d i f f e r e n c e  in
cab operations is that the BRITE displays now show a data tag giv-

i ng a i r c r a f t  i d e n t i f i c a t i o n  fo r  each t r a n s p o n d e r - e q u i pp ed a i r c r a f t
under c o n t r o l  and a l t i t u d e  foi’ those aircraft equipped to transmit
a l t i t u d e  d a t a .  Cab equipment includes that described in Section

4 . 5 . 5  p l u s  an ARTS k e y p a c k  w i t h  PEM or trackball at the FD posi-

tion , used primaril y for acquiring beacon code assignments from

the ARTS computer. PD may also use the keypack to enter the latest

•-\TIS letter and altimeter setting for display on the BRITE moni tors

and will sometimes have a small commercial television monitor to

preview these entries.
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A few airports are now equipped with ground surveillance radar

(ASDE) to assist LC and GC in the control of aircraft on the ground

when visibility is poor. The ASDE p icture is displayed on BRITL H
equi pment. The ASDE-BR ITE may constitute additional equi pment at ‘ 1
the CC or LC positions. In some towers , a selector switch permit s

either ASDE or ASR data to be displayed on the same BRITE.

4.5.7 Summary

Four basic packages of equipment can be used to describe much

of the equipment allocated to the various tower positions . The

addition of aids for the various controllers results in additional

controls and displays at their positions. These allocations are
summarized in Table 4.4-4. Table 4.4-4 summarizes the basic packages ,

and shows the allocation of equipment to tower position for various

operational types of towers.

4 . 6  LAYOUT OF E Q U I P M E N T  I N  TOWER CABS

4.6.1 2~~ 
Characteristics of the Towe r Environment

Control towers as a class differ basically from other ATC

facilities in a number of ways ‘-hat have si gnificance for the

desi gn and layout of equi pment for the occupants. Unlike ATC

personnel  w o r k i n g  in other facilities , control tower operators are

usually in visual contact with the aircarft under their control.

They w o r k  s u r r o u n d e d  by w i n d o w s  t h r o u g h  w h i c h  t h e y  can see as m u c h
of the ramps , taxiways , runways , and approach zones over which
aircraft will move as the airport configuration will permit. Con-

ditions adversely affecting visibility create the requirements for

some of the u p g r a d i n g  s u b s y st e m s  under  c o n s i d e r a t i o n . In these

cases the aim is to augment or supplement visual contact — not to

replace it. This is an important point to keep in mind when

evaluating the impact of proposed system s — direct visual contact
will be retained and, when suitable , will very likely he the pri-

mary mode for receiving the information used in making control
judgements.
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‘I ’AB LE 4 .  4 - 4  AL LOC A ’I ’ION OF EQU I PM EN T TO P O S I T I O N S  IN FAA
C O N I R O L  ‘I ’O (VE 

~S

a.  BASIC ALLOCAT IONS

Basic 1

C l  ock
Telco Dial
T e l c o  K e y p a c k
Telco Handset
Telco Speakers
FAA K e y p a c k
FAA Speake r s
He ads et
Mic r oph on e
Microp hone Switch

Basic 2

F l i ght S t r i p s , s t r i p  Holders and Rack
Radio Transmitter Selector Panel
Radio Receiver Selector Panel
Radio Controls
Radio Speakers

B a s i c  3

W i n d  Speed I n d i c a t o r
Wind Direction Indicator
Altimeter Setting Indicator
RVR Indicators and Controls
RV V Indicators and Controls
Si g n a l  L i g h t  Gun
M e c h a n i c a l  C o u n t er

Basic 4

Runway Li g h t s  Panel
A p p r o ach Li gh t s  Panel
Taxiway Li ghts Panel
VASI , R E I L , Spec ia l  Lights
DM12 , VaR , ILS Monitor and Control Equi pment
Tower Cab Li ghts
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Tower controllers generally have a wide area of activities to

cover. In order to see clearly, they frequently will walk to the

window nearest an area of concern . This need for mobility is main-

l v  characteristic of tower operators; in radar rooms each control-

le r  is more closely locked into a fixed position . Thus , in the
tower , the term , “position ”, often does not imply a fixed duty lo-

cation but rather a set of duties-- an important point to keep in

mind in analyzing the location and arrangement of equipment .

To permit mobility and to increase the area of ground in view ,

tower controllers frequently work standing up. Thus basic displays

and controls must be compatible with standing operation.

Because of the windows , the level of ambient illumination can

vary considerably with external illumination and is often much

higher than in windowless radar rooms . Thus glare on instrument

faces and the leve l of adaptation of controllers ’ vision pose

special problems for the design of tower equipment. The need to

leave windows unobscured  l i m i t s  the area w i t h i n  which equipment
can be mounted.

4.6.2 Factors Affecting Layout

The a r r angemen t  of e q u i p m e n t  in con t ro l  tower  cabs is a f f e c t e d
by the following factors: operational positions authorized , size

and shap e of cab , amount and type of equipment , layout of airport ,
flow of information , orientation of tower , and local preferences.

Generally a set of the equipment shown in Table 4 . 4 - 4  w i l l  be
installed at or near the location in the cab designated for each

authorized position. However , the total amount of equipment can

be less if two adjacent positions share some equipment (such as a

BRITE display , or a Basic 2 package) . On the other hand , we have

already noted that some towers equip two positions but man only

one , resulting in more equipment than would be predicted from

Table 4.4-4 Moreover , the nature of operations will dictate dif-

ferent pieces of equipment for the same position in different

towers. For example , a tower where weather observations are made

( LAWRS) mi ght add a ceilometer indicator at FD; a tower having
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ASDE mi ght have an extra BRITh display at CC , or a tower respon-

sible for numerous satellite airports mi ght have several electro-

writers at FD to receive their weather observations.

The authori:ed equipment must he fitted into the space avail-

able. Control towers have vario u s shapes (square , rectangular ,

pentagonal , hexagonal , octagonal , ~,r circular) and sizes. Floor

areas range from 200 to over 500 square feet. Although bigger

towers are generally made available for larger operations , there

is no standard ratio of equipment to space. Generally, if equip-

ment is installed along the walls of a tower , about half of the

floor space is used. Often , equipment islands occupy additional

space. Nearly always an entry stairway uses floor space. The

remaining “movement space ” can be as little as 90 square feet

(Phoenix ’s hexagonal tower) .

Changes in operational equ ipmen t  at an a i r p o r t  w i l l  g e n e r a l l y
result in the addition of equipment in the tower cab . If ASR is

installed , the tower will add BRITE displays and contro l panels for

LC positions , possibly for CC. In the case of conversion to a

TRACAB , two additional control positions are added , with associated

consoles and display s . if the TRACAB is later changed to a TRACON ,

these positions and equipment will , of course , be removed to

another location.

The principal determinant of the location of operational

positions within the tower cab is the layout of the airport. LC’s
must be able to see all runways ; CC ’s must be able to see taxiways
and ramps. If runways lie on opposite sides of the tower , multiple
LC positions may be required . Extensive terminal areas and taxi-
ways may require multiple CC positions . Once the LC and CC posi-
tions are established , there are more options for locating the
other positions , but stairways and special equipment still pose
additional constraints.

If other conditions permit , the orientation of the tower can
influence equipment layout. It is desirable to mount visual dis-
plays , particularly CRT scopes (such as BRITE) so that they do not
receive direct sunlight with the consequent glare on faceplates.
This means avoiding placement of scopes facing the southern windows .

4 - 2 5



The flow of info rmation in the cab , particularly the routing

of flight progress strips , is another major influence on the loca-

tion of operating positions. The sequence of pos itions FD-CD-CC-

LC is often found in tower layouts.

Finally, since the layout of the cab is at the discretion of

local officials , the personal preferences of the people who happen

to take part in the design process will add such considerations

(often irrelevant) as symmetry , esthetics , and familiarity with

some particular layout .

The arrangement of individual pieces , modules , and b lock s of
equi pment within panels is nearly as variable as the  l o c a t i o n  of
positions. Two adjacent panels , containing the same basic equip-

ment , may have very different arrangements. Sometimes there is a

good operational reason (such as the need for one person to

operate two panels in consolidated operations); sometimes the

aesign results from a personal whim .

4.6.3 Examples of Cab Layouts

It is evident from the preceding discussion that assignment

of equipment to positions , allocation of space for positions , and

arrangement of equipment within positions all vary considerably

from tower-to-tower. Standard layouts do not exist , and , in view

of the dependence of equipment layout on airport layout , they are

probably undesirable (see Section 4.7.1). In describing a “base-
line ” tower , then , we shall proceed as follows : a) describe two

pairs of towers of similar operational workload , b) describe two

special towers (the world’ s busiest and a small TRACAB), and c)
describe a proposed layout for a hi gh-activity level tower based

on the combined judgements of hum an factors specialists and ex-

perienced controllers. General conclusions may be drawn f rom
these illustrations.

4.6.3.1 Pittsburg h and Miam i - In 1975 Greater Pittsburgh Inter-
national Airport handled 285 ,165 aircraft operations; Miam i Inter-
national Airport , 265 ,463. Figure 4.6-1 shows the relationship of
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the towers to the runways a t  each airport. Figures 4.6-2 and 4.6.-3
s hotc , t lie t ok’. e r cab 1 avout s as 0! 1 9 5

1)esp it e the s i m i l a r i t y  in operational load , these two towers

differ consid erabl y in layout. P i t t s b u r g h has a rectangular cab

t’,i th a floor area of 288 square feet. .- \ l l control positions are

arranged in  a row along one eig hteen-foot side , facing south. This

configuration puts runway lOL/28R at everyone ’s back.

M i a m i ha s an octagonal cab  w i t h  a l i t t l e  over  300 squa re  f e e t ,
permitting an i s l a n d  l o c a t i o n  for  PD / CD.  The Cab C o o r d i n a t o r  po-
s i t i o n  f a c e s  w e s t , w i t h  LC-South and LC-North flanking it and fa-

c ing  t h e  main r u n -h a  co m p l e x

4.b .3 .2 Kansas City and h o u st o n  - The 1975 statistics for air-

craft opera tions ~.cre l~
’b ,218 for Kansas City International .-\ir-

port , lF2 ,953 for Houston Intercontinental Airport. Figure 4.6-4

shows the airport confi gurations for both locations ; Figure 4.6-5

and 4.6-6 show the tower cab layouts for Kansas City and h ouston

r e sp e c t

•-\ g a i n  we  see different cab confi gurations for similar opera-

tional loads. Kansas Cit ’ has a square cab , twenty feet to a side.

The runways lie to the west and south of the tower. Here the CD

and FD positions have been located centrally at the southwest

corner flanked directl y by a south GC and a west CC , with a south

LC and a west LC beyond the CC posit ions .

Houston has a pentagonal cab with an estimated 420 square feet

of area. I’he controller positions face the apex of the angle

formed by the two runways. The two LC positions are side-by-side ,

with EC to the left on the same side , FD to the ri ght on the ad-

jacent side .
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4 .o .3 .5 O’Har e and Port land (Ma m e )  - The t o w e r s  a t  Chicago ’s

O ’hhar e international A irport and Portland International Jetport

a re  t h e  same  s h a p e  ( p e n t a g o n s )  , h u t  d i f f e r g r e a t l y  i n l a y o u t  be -

c a u s e  of  o p e r a t i o n a l  d i f f e r e n c e s .  O’Hare , one of the world’ s

busiest airports ,hand led 668 ,368 aircraft operations in 1975.

Portland , a \‘FR airport with a TRACAB , handled 104 ,900 operations.

F i g u r e  4 .b- ’ s h o w s  t h e  a i r po r t l a y o u ts , and Figures 4.6-8 and 4.6-9

show the O’hha re and Portland cabs respectively.

O ’ H a r e  tower , with about 420 square feet of area , is centrally

located amid seven runwa~’s that essentially comprise two separate

a i r p o r t s .  The c a b  has four LC positions , only two of which are

m a n n e d  a t  a n y g i v e n t i n e , d e p e n d i n g  on the  runway  c o n f i g u r a t i o n  in
use. The two LC’ s divide their control between the north and south

h a l ves of the  a i r p o r t . Two s i d e - b y - s i d e  CC’ s divide their control

between a r r i v i n g  and departing aircraft . CD and FD are to the left

of the CC’ s on the same side of the cab.

Portland tower , a TRACAB , must accommodate two radar positions

(AC and D C) in addition to LC , CC , and FD in its 350 square feet.

The radar positions , with FD between them , are in an island backed

against the stairway in the north half of the cab . LC and CC

occupy the southwest and southeast sides , overlooking the two
r u n w a y s  .

4.6.3.4 NAFEC Experimental Cab - Another approach to a model lay-

out is an experimental cab studied at NAFEC .8 Two air traffic

control specialists (ATCS’ s) , a research psycholog ist , and a desi gn

tean composed of ATCS’ s from nine of the eleven FAA Reg ions de-
si gned an “ideal” cab and evaluated it by performing mock opera-

tions in it. The layout of the 525 square-foot irregular octagon

is shown in Fi gures 4.6-10 and 4.6-11. Two CC positions occupy one

side , with an LC position at each adjacent corner. CD an d FD a re
on a central island. (It is interesting to note the similarity to
the Miam i layout.) This layout was found generall y satisfactor y
hr t h e  ei gh teen experienced controllers who evaluated it. One

conclusion of t h e  stud y, howeve r , was : “Loca tion of specific
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equipments in  t h e  c o n s o l e  and the relationshi p of respective oper-

a t ing  pos i t ions  v a r y  in acco rdance with individual f a c i l i t y  re-

(hEl i 1-ement 5 •

4.C.3.5 Arrangement of Instruments in Panels - The assi gnment of

ins t rumen t groups  to pos i t ions  wa s a d d r e s s e d  in  Sec t ion 4.5. The
p r e c e d i n g  f i gu r-es have illustrated some of the variet y of ways in

which ins truments and controls common to various positions have

been arranged on the instrument panels. Panel layouts must not
only be convenien t for the position operator; they must be com-

pa tible with consClidated operations. So the local pattern of

posi tion layout and the consolidation conventions act together to

force unique layouts for individual cabs. The NAFEC experiments

in c luded a loca l  con t rol  pane l  des i gn (Figure 4.6-12) and a modifi ed

des i gn (Figure 4.6-13) tha t permits the sharing of some instruments

with ground  con t ro l . I f  one seeks  a model  l ayou t , these arrange-

men ts are as good as any available. However , even he re  we f i n d
differences in panel groupings of telco and radio controls between

two adjacent positions (Figure 4.6-12).

4.7 CURRENT PERCEIVED PROBLEMS

4.7.1 Standardization vs. Flexihi 1it~

The t r a d e o f f  b e t w e e n  s t a n d a r d i z a t i o n  and flexibilit y in t he
a r r a n g e m e n t  of con t rol tower  cab equi pmen t is  essen t i a l l y  one of
economic vs . operational advantages. The economic advantages of

standardiza tion derive from lower prices for equi pment , c o n s o l e s ,

and p a n e l s  des i gned once and boug h t in quan t i t y . h o w e v e r , the

n e c e s s i ty to a r r a n g e  cab equ i pmen t in a c o n f i gura tion that relates

to the individual layout of the airport and the operational con-

straints associated with position consolidation would seem to out-

w e i gh the advantages of standardization. At the level of layout of

instruments on panels , perhaps a standard pattern could be adopted
for what we have called the Basic 1 , 2 , and 3 equipment packages.

The recommenda tions of the NAFEC study are the best g u i d e l i n e s  we

have found for such a standard. Nevertheless , we mus t an t i c i p a te
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that the placenient of f lC W equi pmen t in  cabs resulting from adop-

tion of UGSRD systems will require planning based on each cab’ s

unique configuration.

4 . T~~2 Opera tional vs. Administrative Duties

‘l’he princi pal area where adminis trative duties are imposed on

con t r o l l e r s  is in record keep ing, particularly in marking fli ght

progress stri ps. There is a danger that , because of the adminis-

tra t ive  c o n v e n i e n c e , such requiremen ts can gradually proliferate.

In principle , i t is undesirable to require the LC and CC positions

to maintain records beyond those they need to maintain control of

the aircraft under their jurisdiction . Additional record keeping

can be a burden and a d is t rac tion f rom the p r i m a r y  func t ions when
traffic is heav~- and operating conditions are unfavorable. In

l ine w i th th i s  p r i n c i ple , upg raded tower equi pmen t r e l a ted to da ta
managemen t should have as an objective the capability to assume

those  da ta r e c o r d i n g  du ties now assi gned to controllers . Also ,

when new sys tems (such as UG3RD systems) bring da ta into the cab

that should be relayed to other locations (such as the weather

ne t) , care mus t be taken to au toma te this  r e l ay  func t ion r a the r
than to add it to a controller ’s du t ies .

4 .7. 3 Need f o r  Integration of Equipment

There is a possibility that each UC3RD system will develop

an independen t set of displays for tower use and the selection and

tuning controls associated with them. Often , these new devices

will augmen t rather than replace the older equipment. Such pro-

liferation of equi pment can become a burden to control tower

operators and take up valuable space. An area worth y of special
concentration , then , is the study of ways to integrate the outputs
of some of  these sys tems on to  common display surfaces.

A second consideration is the compatibility of information

presentation as new displays are introduced. Two modes of pre-
sentation of data may be equally good , but when both must be used
interchangeab ly, there may be conflict and confusion . During
transition periods , new equipment will be used together with the
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old , creating an even greater need for compatibility. For example ,

a controller cycling between an old P P I  in the radar room and a

new d i s p l a y  in the tower should be able to estimate aircraft sep-

aration and arrival rates at a glance from both displays , necessi-

tating compatibility in orientation and conventions of disp lay

symbols.

4.7.4 Controller Workload

Workload varies considerably from tower to tower and from
time-to-time in a given tower. When workload is li ght , economy
can be effected b y consolidating working positions . When workload

is heavy , however , it can not be relieved simp ly by adding man-
power , because the additional requirements for coordination between

controllers become a burden in themselves . It has been shown that

sys tems operated by people do not suddenly break down at a pre-

dictable saturation load. Rather , the peop le adapt to the load b y
s i m p l i f y i ng  p r o c e d u r e s , especially b y dropp ing  low priori ty tasks .9

A hidden consequence of this process is an increase in risk of

accidents. If accidents are a low frequency phenomenon (as in
ATC) , then this risk does not become apparent until an accident
occurs . For example , it was concluded that a principal cause of

a serious accident at O’ h are 10 was the failure of CC to add one

letter to the desi gnation of a holding area , resulting in confu-

sion as to the location of a taxiing aircraft and collision with

another aircraft taking off. In the six minutes preceding the ab-

bre v i a t e d  mes sage , the  c o n t r o l l e r  se rved  seven fli ghts , involving

29 radio transmissions - an average of one transmission eve ry 12

seconds. Transcri ptions of othe r transmissions show that such

message abbreviation is not uncommon in busy periods.

Simple counts of aircraft served or transmissions made are
not adequate measures f o r  p r e d i c t in g  when an i n c r e a s e  in workload
will create enough stress to force streamlinin g of procedures , nor
when the streamlinin g reaches a dangerous level. A more detailed
analysis of the factors relating workload to operational safety is
desirable as a basis for estimating realistically the impact of

— new equi pment on tower procedures and the safc t~- of operations.
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S.  CURRENT TOWE R— RELAT ED SYSTEMS AND PROCEDURES

5. 1 , \ I R S P , - \ C E SU R V E I L L A NCE DAT A I N TI l E TOI~ER

:~.l .1 Sy s t e m _ O v e r v i e w

The prim al- v responsibilities of Local Control in the cab are

as f o l l ows

a.  A s s u r i n g  s a f e  runway  utilization by clearing successive

arrivals and intermixed arrivals and departures . Opera-

tions can extend to combinations of runways . Responsi-

bility can  extend to initial departure vectoring.

h . Sequencing VFR arrivals and VFR arrivals with IFR arrivals

which are making a visual approach and have been handed

o f f  b y approach control.

c. P r o v i d i n g  i n i t i a l  sep a r a t i o n o f I F R  departure from IFR

arrivals and IFR departures .

d. Providing separation advisories to VUR traffic once

t r a f f i c  has been v i s u a l l y  a c q u i r e d .

e.  Coo r d i n a t i n g  the above f u n c t i o n s  w i t h  the rest of the

terminal/airport control elements during runway config-

uration changes.

I n a VF R cab t h i s  is the only responsibility of the cab with

r e g a r d  to airspace control. Surveillance is entirely visual. IER

d e p a r t u r e sepa r a t i on is ass ur ed by controllin g interdeparture

timing and initial heading vectors . If the cab is responsible for
p r o v i d i n g  n o n - r a d a r  approach  con t ro l , t h e  approach  and d e p a r t u r e
controllers w i l l  use pilot pos ition reports from IFR traffi c to
seq u ence and separate the traffic.

lVhen non-radar approach control was extended to radar

approach con trol in the cab , the d i sp lay sys tem used was based on

the standard Plan Position Indicator (PPI).
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Due to  t h e  n a t u re o f a P PI , t h e im age of a ta r ge t  i s b r i g h t  on I~-
while illuminated by the antenna. Once the antenna beam has passed

beyond the target , the image begins to fade until swept the next

time around. PPI’s , therefore , tend to he of non-unifo rm brightness

and generall y dim. The original PPI displays in the cab were

installed with a hood into which the controller had to look. The

use of the hood made other approach control functions (e.g., record
keep ing) difficult , and eventuall y the approach control function

w a s  moved to a separate low ambient light level room , the TRACON .

While the PPI was in the cab the hood could he removed at

night so that Local Control could share the disp lay, the hood ,
however ,precluded his use of the disp lay during the day when

traffic was busiest. Therefore , the loss of the PPI had a minor

effect on Local Control. IVithout radar information , Local Control
frequently has visibility problems. In haze and at night Local

Control can have difficulty visually acquiring aircraft even in
VFR conditior~;, since V FR c o n d i t i o n s are based upon the p ilot’ s
visibilit y not the controller ’s visibility.

Lack of visibilit y impacts on separation advisories. The

visibilit y problem is compounded during hand-off from .-\pproach
Contro l to Local Control since at that time there can be a mix
of to~ er controlled and approach controlled aircraft in close

proximit y . Detection of a potential collision may he difficult.
On the one hand , Local Control may have trouble seeing any of the
aircraft , and on the other hand , Approach Control does not have
contact with the V FR a i r c r a f t .  In a d d i t i o n , t h e  \ F R  radar targets

max- he weak on the Approach Control disp lay .

The controller ’s visibility problem becomes further afgravated
as ceiling and pilot’ s v i s i h i 1 i t v  are reduced. \pproach Control
must retain control (and radio contact) until the pilot can see the

airport or preceding traffic. As conditions deteriorate , IFR

arrivals must approach closer to the airpo i- t before he ing seen f rom
the cab. They can en t e r  a co n f i ne d V I R  a i r s p a c e  rather ah run t l v ,

adversely affecting the cab ’s separation advisories .
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The TV video scan-converted bright display system was developed

in 1967 , to alleviate t he  p r oble m s o f poor visibilit y for Local

Control.

System deployment began in 1968 , and the first installations

were in tower cabs located close to their associated approach

control facility. Virtually all cabs -co-located with a TRACON are
now equi pped with a bright disp lay system .

The Bright Radar Indicator Tower Equi pment (BRITE) consists

of a small PPI , a TV camera focused on the PPI , and a high bright-

ness and contrast TV display . The TV camera is furnished with a
silicon coating on which the image decays slowly (i .e . ,  the image

“sticks ’). The image does not fully decay during the time the

antenna makes one rotation and hence the camera is left with a
stored image which it can write repeatedl~- at a standard TV rate

of 30 frames/second. This techni que greatl y increases the bright-
ness of the display and permits its use in the hi gh ambient light
of the cab. The PPI and TV camera (contained in one rack of equi p-
ment) are generall y located in the TRACON equi pment room ; the TV
video is cabled (up to 300 feet) to the tower cab.

Local Control can use the radar information made available on

the BRITE disp lay as a VFR aid and , if radar qualified , can provide

limited radar approach control for aircraft on final approach ,

initial departures , missed approaches (until handed off) and local

traffic such as helicopters . The BRITE unit greatl y enhances Local

Control’ s effectiveness , especially at the outer reaches of his con-

trol respons ibility and in dealing with hand-offs.

The advent of ARTS III with its provis ion for alphanumeric data

blocks , motivated extension of the BRITE system to include Bri ght

Alp hanumeric Equipment which prov ided the cab with data blocks and

an interface with the ARTS III system. The A / N  equi p ment d i s p l a y s
fli ght identity, barometric altitude , ground speed , and a variet y of

other optional information from the ART S proce ssor (some of which

is site dependent). It also provides a key for cab interaction

with the ARTS system.
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,\ second e x t e n s i o n  of the basic BRITE system is the TV micro-

h a v e  L i n k  ), T M I . )  used to remote the B R I T E  d i s p l ay  to  s a t e l l i t e  a i r -

~e r t  s l o ca t e d  a~~a~- f r o m  t h e  a p p r o a c h  c o n t r o l  f a c i l i t y .  The basic

s i n g le ch an n e l  (c l a s s  Al  ‘I~ 1L co n s i s t s  of a I ’P I , ‘l’\’ camera with

‘stick y” vidicon ) , a m i c r o ~-. a v e  transmitter/antenna , provisions for

a r e p e a t e r , a m i c r o w a v e  r e c e i  v e r , and a BRITE disp lay. This system

provides only radar t a r g e t s  ( p r i m a r y  and s e c o n d a r y )  and does not
p r o v i d e  a l p h a n u m e r i c s .  I f  al phanumeric data blocks were written

on t he  [‘P 1 , t h e  “ s t i c k y ” v i d i c o n w o u l d  smea r t h e m  m a k i n g the m
illeg ible. For alp hanumeric remoting from an ARTS site , a dual

channel h c la ss B) TML is r e q u i r e d  w i t h  a second PPI  d i s p l a y i n g the

alp h a n u m e r i c  data , a second ‘IV camera with a commerical (non-

stick y ) vidicon , and a video mixer for combining the radar and

alp hanumeric data video prior to transmission. The primary pur-
pose of the remote BRITE is to aid the satellite airports in VFR

sequencing and separation advisories. Radar separation of IFR

traffic is not normally provided , since this is alread y provided

by the TRACON. However , if the VF R t o w e r ope r a to r s a re  rada r
qualified and I C R  t r a f f i c  i s  h e a vy , limited radar approach control

a u t h o r i t y  can he d e l e g a t e d  f r o m  the TR-\CON as it is with the co-

located cab. The establishment criteria for a remote BRITE in a

V F R  t o w e r a r e  now;a) more than 55 ,000 annual itinerant operations

and b) tower within 20 miles of  the associated TRACON . Under

these criteria , approximately 10(1 satellite airports have or soon

w i l l  have  a r e m o t e  B R I T E  d i s p l ay  sy s t e m .

W i t h  t h e  ad vent  of the  B R I T E  sy s t e m , i t  was no l o n g e r  n e c e s s a r y
for radar approach control to he located in a low am b i e n t l i g h t
le vel  room ( I F R  room) . ,-\t s m a l l , low I F R  v o l u m e  a i r p o r t s  i t  h e -  —

ca me p o s s i b l e  to i n s t a l l  A S R / R B S  and s imp ly p e r f o r m  r a d a r  app roach
control from the cab . The control authority was termed TRACAB (as

opposed to T R A ( ’,O\ )  a nd r e s u l t e d  in a less  e x p e n s i v e  means  fo r
p r o v i d i n g  r a d a r  app roach  c o n t r o l  at  t o w e r s  newl y qualified for IFR

cont r o l .  A p p r o x i m a t e l y  39 T R , - \ C A B ’ s have  been e s t a b l i s h e d  s i n c e
1968 p r o v i d i n g  radar service where it otherwise mi ght not have been
cost effective.
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5.1 .2 BRITE System

5.1.2.1 Background - Several series of BRITE systems have been

developed and dep loyed since 1967 . The first series (BRl’f~ -l)

involved the purchase of approximately 80 units. The system was

primarily solid state and provided a small 12-inch diameter display.

There are still some BRIT F-l units in operation although they are

slowly being rep laced with newer models. The second series (BRITE-

2) of about 40 units was dep loyed in 1970. The unit was all solid

state for increased reliability, had improved processing of the
beacon video (secondary returns), and provided a 16-inch diameter

d i s p l a y ,  t he  1 2 - i n c h  ha v ing  been found to he too small. The most

recent series is the BRITE-4 (there is no BRITE-3). The first

purchase was made in 1972 for 91 units. Subsequently an additional

186 units were ordered. The BRITE-4 has improved reliability,

better resolution , and a digital azimuth interface for compatibility

with the latest ASR’ s. Since the BRITE-2 is physically similar to

BRITE-4 , only the BRITE-4 will be described further in this section.

5.1.2.2 BRITE-4 Descri p t ion * - The BRITE is comprised of a TV dis-

play and remote control unit located in the cab and a small PPI

TV camera and auxiliary equipment located in the radar equi pment

room . The components are shown in Figure 5.1-1 . Contrast and

brightness controls are available on the disp lay and can also be

remotely controlled. The disp lay may be mounted overhead (hung

from the cab ceiling) or in the controller console (see Fi gure

5.1-2).

The PPI on which the basic presentation is made is 5 inches

in diameter with a sweep rate corresponding to that of the local

ASR site (approximately 15 r p m ) .  The PPI will operate on five

discrete ranges * selectable from the remote control head. Each

range will disp lay calibrated range marks . The sweep can be

decentered by twice the selected range; 60 m i les  is t h e  sw eep r a n ge

limit .

*See Appendix A
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I n  add i t i on  to r ange  ma i-ks , t h e  u n i t  can  be f u rn  i s h e d  w i t h a

~
- i deo mapper. T h i s  pe m i t  s t h e  d r a w i n g  of  a m a p  of the a i rport

and  p rim ai-y a i r  r o u t e s  to  t h e  v a r i o u s  r u n ~- a v s to aid in tracking

ta rge t s and  mon it o r i n g  ap p r o a c h e s .

The r e m o t e  c o n t r o l  head  i s  des i gned to he operated either on

a desk top or f rom a r ecess i n  a c o n t i o l  c o n s o l e .  ‘I he  head  is
shown in F i - ~ure 5.1-3. The  p a n e l  is illuminated (hack light) b r

ight use. The u n i t  p e r m i t s  t h e  i n d e p e n d e n t  b r i g h t n e s s  c o n t  ro l

of the v i d e o  map ( i f  p r e s e n t ) , t h e  r a n g e  m a r k s , t he b e a c o n  t a r g e t
return , and the p r i m a r y  target return. In addition , o v e r a l l
hi’i ghtness and contrast can be remote ly controlled. Also

con trolled from this panel are range and decentering (East-West

a nd N o r t h - S o u t h ) .

5. 1. 3 B R I T E  Al p h a n u m e r i c  E q u i pmen t flc~ ci- ip t i’)n

The BRITIi alp h a n u m e r i c  e q u i pmen t (A/N equi pmen t ) is I n t ende i
for use with BRITE disp lay s at cabs which are co-located with an

ARTS III ‘ l ’R\CON . The purposes of the equipment are (I ’) to accept

BRITE ‘IV v ideo , (2) to interface w ith ARTS I l l to receive

al p h a n u m e r i c  d a t a  fo r t he  a p j ’ ro p l - i a t e  t a r g e t s , (3) to t r a n s m i t
r e q u i r e d  i n f o r m a t ion to ,\RTS I I I f o r  fo rma tt ing  the da ta ,(-4) to

c o n v e r t the al phanume i-ic data to ‘IV v i d e o  f o r m a t , (5 )  to m i x  the
alphanumeric i’V i ’ i~~ o and BRITC TV video ,and (6) to transmit the

m i x e d  v i d e o  • ‘~ - . - Fi ~I TI ~ displ ay . The equi pmen t is composed of an

ARTS III i n t_ . i-f:i c~, , a 5- inch di ametet - CRT for a l p h a n u m e r i c  d i sp l a y

a ‘IV camera wi th a low memor y commercial vidicon svnchroni:ed with

t h e  BRI’l [ camera for conversion to ‘IV video , a v i d e o  m i x e r , and
sever al data entry devices.

The da t a en t ry devices are an al ph a n u m e r i c  d i s p lay con trol

p a n e l  w i t h  t h e  B R I T E  remo te con t ro l  head , a keyb oard ,and p o s i t i o n
e n t r y  m o d u l e  (PE \ T ) - The  e q u i p m e n t is  sh own in  Fi gure 5.14

‘Ihe al ph a n u m e r i c  da ta to be d i s p la yed coi~s ist  o f : l )  d a t a  b locks
(f l i gh t identit y , barome tric altitude , g r o u n d  speed , etc.)

assoc h i t e d  w i t h  each  t a r g e t  by a l e a d e r , 2) tah ulai ’ lists of data

on f l i g h t s  of  s p e c i a l  s i g n i f i c a n c e  to  t h e  c o n t m o l l e i - , 3) a p r e v i e w
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ar ea i i i  w h i c h  recen t ly  keyed-in data is disp l ayed  p r i o r  to en te r i n g
into the systen ,and (4 )  a sy s t em da ta a rea  used to d i s p lay util-

i-t x- data such as time of day, barometric reading ,and the current
A’l’IS identification letter. The preview area can also he used to

display requested information from ARTS such as beacon code for a

V l:R aircraft at a TCA facility. A B R I T E  d i s p lay wi th alphanumeric

equipment at O’Hare is shown in Figure 5.1-5.

The common BRITE and A/N control panel , shown in Figure 5.1-6 ,
has 5 toggle switches to permit selection of alphanumeric data

f rom any of 5 presentations (i.e., take a “quick-look” at another

controller ’s target data). This includes a presentation display-

ing data blocks on all beacon equipped targets. The unit has 6

field inhibit toggle switches permitting the controller to blank

any or all fields within the data block (e.g., blank all fields

such as ground speed l e a v i n g  onl y fligh t identity) . Also included

is an alphanumeric video gain pot , an eight-position rotary

switch for selecting the length of the leader to the data block

and a three position rotary switch for selecting the size of the

alphanumeric to be displayed. The size selected at most major

airports is approximately 0.25 inches in height.

The keyboard assembl y is an array of keyboard switches mounted

in a console . The keyboard and PE~I are shown in Figure 5 .1-7 .

In using the keyboard , the controller can enter numerals 0 throug h

9, the 26 capital letters of the alphabet (set in al phabetical
order),and five special symbols. In addition , several function

keys are provided (e.g., to drop a track/data block , to initiate
or accept handoff , to disp lay track file in preview area , to re-
locate the preview area , etc.).

The PPM is a small uni t attached to the keyboard. It contains
a small joy stick and an enter button. The j o y  stick is used to

slew a cursor to a point on toe disp lay (e.g., for locating the

preview area , for locating targets for which information is

requested or entered). Its use is similar to the track ball in

the ARTS III ‘l’R,-\CON consoles.
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FIGURE 5.1-7 . A/N KEYBOARD AND PEM
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5.1 .4 Op,~~-a tion a1 Consideration s

‘I’he A /N k e v h o a i - d / P E ’-l con f i g u r a t i o n  was  based  upon t h e  ARTS
I l l  l RACO\ controller consoles. It provides an effective ARTS

in terface w h i c h  c o u l d  even permit full utilization of ARTS II!

capabili ty in a TRACAB.

The exac t mature of the use  of BRI~fE d i s p l a y s  in a pa r t i c u l a r
t o w e r  depends  on the r a d a r  s e r v i c e  p r o v i d e d  by t h e  ‘[‘R, -\ CON , t h e

runway configura tions used , the v o lume and m i x  of t r a f f i c  ( j e t ,

air-ca rrier , ge n e r a l  a v i a t ion , etc.) and the current weather condi-

tions. At the busiest airports , where most of the Upgraded Third

Cenera tion elements may be installed , the TRACON is likely to be

a Tet-minal Con trol Area with an ARTS III system . For these air-

por ts the BRITIi A/N equi pmen t w i l l  p r o v i d e  the cab’ s in te r f a c e
w i t h  ARTS III , w i t h  Local  Control being the primary disp lay user

and Clearance Delivery being the primary key board user . At a TCA ,

all arrivals will approach under control of the TRACON , virtuall y

elimina ting the sequencing role from the cab . In addition , since

the aircraft are radar separated and sequenced prior to visual

app roac h , the  l o n g i t u d i n a l  s e p a r a t i o n  func t ion of Local  Con t rol
for arriv als is also minor. Once on final approach , a i r c r a f t
which have been sequenced by radar will rarel y overtake one another

prior to touchdown . Therefore , Local Control is primaril y con-

cerned wi th runwa\’ utilization by arrivals and departures.

In  the s imp les t runway configurations , arrivals and depar-

tures operate on separate and independent runways. New York-JFK

opera tes in this manner most of the time. In this case the local

con troller monitors the arrivals to assure that the first aircraft

wil l  be clear of the runway before the second touches down. Of

course , this is to preclude a collision if the first aircraft

mis ses the proper exit or for some reason cannot clear the r inwav .

If the co n t r o l l e r  estimates that the second arrival will  la’~d be-

fore the first will clear , he will direc t the second to go around.

In V FR conditions , the controller can see the aircraft and

~
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the p ilots can aid in maintaining safe operation during landings.

I n I F R  c o n d i t i o n s , t h e  c o n t r o l l e r  c a n n o t  see t h e  air c raft and iuu ’ t

use the BRITL system without p ilot assistance until the p i l o t can
see the runway . The ex tent of the local controller ’ s ta sk  i n
handling arrivals is dep ic ted in Fi gure 5 .1-8 w h i c h  c o n s i s t s  o f ’

plo ts of the distribution of arrival runway occupanc y time (from

threshold to committing to turn-off hut not including turnoff) and

inter-arrival spacing versus time in 10 second bins (e.g., 1 - 2

percent of in ter-arrival spaces were between 100 and 11 0 seconds

in dura tion). The data was taken at O’Hare for dry runways with

fog. The average inter -arrival time is 13 (1 seconds representing

a typ ical IFR capaci ty of 28 arrivals /hour. The leading ed ge of
the distribution is just below 65 seconds which repres ent 3

nautical miles (the minimum separation standard) at a typ ical

approach speed of 160 knots. The inter-arrival distrihution re-

presents a combination of (I) the abilit y of approach control to

separa te arrivals uniformly , ( 2 )  the mix of heavy aircraft re-

q u i r i n g  5 nau tical miles of separation , (3) the ability of approach

control to draw orrivals from their stacks uniforml y spaced , and
(4) the ability of en route control to accept the scheduled traffic

and feed it to approach control with a large degree of regularity.

The shaded overlap in the figure , grap hicall y portrays the
controllers ’ task. If there were no overlap , then the longest

roll-out would still be quick enough to clear the runway in the

shortest inter-arrival space. The shaded overlap represents

those arrivals which were on the runwa\- long enough to have re-

quired a close-spaced following arrival to go around. A ccording
to the  da t a, this would occur for about 2 percent of the operations

or about once per hour. Therefore , the local controller ’s task is

significant and the BRITE display pla ys an impo itant role. The
task becomes even more si gnificant as runways become s li ppers- and

runway occupancy times get longer.

The radar separation restrictions do not have as severe an

impact on departures as they do on arrivals. ,-\rr iva ls are se-

quenced and broug ht together from various directions to a single
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runway and lon g itudinal s e p a r a t i o n  is c r it ica 1 . I ) epa  r t u r e s  a r e

ge n e r a l l y  fanned out in v a r i o u s  directions and long i tudinal sepa-

ra tion is only i m p o r t a n t  u n t i l  1)eparture Control can p i c k  up
the aircraft and perfor m lateral spacing. Therefore , the B R I T E
displa y is not critica l to the control of departures on an m dc-

penden t runway . H o w e v e r , i f  d e p a r t u res become d e p e n d e n t  on a r r i  -

v a l s  (in other runway con ti gurat ions) , the BRITE displa y is used

in clearin g the departures. Th i s can he i l l u s t r a t e d  w i t h  the

mos t d e p e n d e n t c o n f i g u r a t i on , that of arrivals and departures on

the same r u n w a y . In this instance , both an arrival and a depar ture

m u s t  fit into an int e r-ar i - iv al space. Predicting the time-to-

threshold for the second arriva l becomes crit ical to departure

clearance. As configurations become less dependent (e.g., in ter-

sec ting and dual-lane runways) , the t ask  becomes  s i m p l e r ,hut

t i m e - t o - t h r e s h o l d  r e m a i n s  i m p o r t a n t  and  t h e  BRITE disp lay is

c r i t i c a l  in i t s  e s t i m a t i o n .

Normally the tasks of local control are performed without

s ig n i f i c a n t  c o m m u n i c a t i o n  w i t h  t h e  ‘I’ R ,-\CON . A r r i va l s  a r e s e q u e n ced
by the TRACON as tig h tly spaced as possible while satisfying the

m i n i m u m  s e p a r a t i o n  s t a n d a r d s .  E x c e p t i o n s  e x i s t  (1) for runway

confi guration c h a n g e s  d u r i n g  w h i c h  all members cf the TR,ACON and
cab are likel~- to require coordinated strategy changes , (2) to

w iden the inter-a i-rival spaces to permit more departures due to

an u n a c c e p t a b l y long depar ture queue (versus small arrival stacks),

and (3) to widen the inter-arrivals spaces to accommodate long

rollouts without forcing an unacceptabl y large number of directed
go a rounds .

5.1 .5 BRITE System Problems

T he B R I T E  - \ / N  e q u i p m e n t  was o r i g i n a l l y  des i g ned to  he used by
Local Con trol or approach control. J - l ow e v e r , since the A/N equi p-

m en t was des i g n ed , o t h e r  uses  for an interface in the cab with

ARTS have been developed . Some ICA airports have provided the A/N

keyboard to Flig h t Data permitting that position to make requests
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to ~\R’l’S for b e a c o n  code assignments to  V F R  d e p a r t u r e s .  I n
ad-A it ion , El i gh t Oat a uses the ke~~ho a rd to  e n t e r  t h e  c u r r e n t  AT IS
l e t  t e r f o r  d i  sp 1 av in the cab and the ‘l’ R,-\ ( ON . The prey jew area

required for these data entr y operations is located on the BRI’I’[

di sp lay which , w h e r e  c u r r e n t l y  i n s t a l l e d , is d i f f i c u l t  or im-
P o S s i b l e  fo r F l i g h t  Da t a to  use. T h i s  p r o b l e m  i s  d i s c u s s e d  in some
d e t a i l  in Section 5.3.3.

‘l’ owei - cabs which are not co-located with a TRACON have another

p r o b l e m . These  c a b s  lna\ - be p r o v i d e d  w i t h  B R I T E  d i s p l ay s ;  h u t
p r e s e n t equipment does not permit them to have BRITE remote control

heads  o r -\ / N equ i p m e n t  k e \ -hoa rds and control panels , which must

r e m a i n  a t  t h e  p a r e n t  s i t e .  T h e u t i l i t y  of t h e  B R ITE d i s p l a y s  at

remote locations is thereby limited. Further , these sites have

no ARTS in terface for Flight Data useage.

There also exists a problem with the qualit~ of the BRITE

d i s p l a y , p a r t i c u l a r l y  when  d i s p l a y i n g  al p h a n u m e r i c s .  The scan

c o n v e r s i o n  p r o c e s s  tends to compromise the leg ibility of alpha-

numerics b e c a u s e  t h e  c h a r a c t e rs are generated by a set of horizon-

tal lines which cut the alphanumeric randomly . For an alphanumeric

t o he h i g h I ~- leg i b l e  it must be cut by fifteen lines. The B R I T E
disp lay just satisfies this requirement for quarter-inch high

alphanumerics. In addition , the TV video bandwidth must be kept

hig h for a high -resolution p icture; losses between the PPI and TV
disp la~- due to cable runs , ageing equipment , etc., can compromise

p icture q u a l i t \ - . The  lost resolution can result in fuzzy ,
difficult to read al phanumerics (see Fi gure 5.1-5).
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5 . 2  SURFACE SURVEI LLANCE

5. 2 . 1  S> s t e m  O v e r v i e w

For t he  mos t  pa r t s  a i r p o r t  s u r f a c e  s u r v e i l l a n c e  is c o n d u c t e d
visually from thc- tower cab. Where the cab v i ew of t a x i w a v s  i s
obs t ruc t ed by a building , the FAA can refrain from accepting con-

trol responsibility (as at Boston Lu~ behind the [astern terminal

building prior to occupying their mew tow-er) , can install a TV
monitor with a view of the obstructed area remoted to the cab (as
has been used at LaGuardia and Los Angeles ) althoug h past installa-

tions have not met with a great deal of success , or can use p ilot
p o s i t i o n r e p o r t s  made by vo ice  r a d i o .  E x c e p t  fo r  such “ b l i n d
spots ”, visual surveillance is maintained even throug h fairly severe

IFR weather conditions. Most tower cabs are less than 200 feet in

hei ght and so are below the CAT-I ceiling ,and view ing range re-

quirements are normally less than 1.5 miles.

When bad visibility does affect the surface surveillance , it

generally affects Local Control first. The airport is generall y

laid out with the terminal “inside ” the taxiwavs (nearest the
towe r ) , w i t h  the runway furthest from the tower. 2~hen bad
visibility does affect Local Control , he begins to use pilot

position reports in the obscured areas. Such reports are m a d e  whe n
an arrival clears the runway , when an arrival passes the threshold
( r epo r ted b y the  nex t  d e p a r t u r e ) , or when an aircraft crossing the

r u n w a y  has  c l ea red  i t .  Each of these  reports represent critical
t i m i n g  information needed as Local Control clears arrivals to land
and de p a r t u r e s  to t a k e - o f f .

When visibility is quite poor , Ground Control can he affected

as w e l l  a s Loca l  C o n t r o l .  Under  t h e s e  c o n d i t i o n s ,  Ground  C o n t r o l
a l s o uses  p i l o t  position reports to keep track of the location of

each aircraft. This procedure permits the  c o n t r o l l e r  t o  d e t e c t
and avoid major routing blunders and adequat el~- control heavil y
traveled taxiway intersections even though his surveillance is
limited. Pilot reports can severely impact on the voice channel
lo adi n g of bot h cab co nt r ol p os i t i o ns b u t t h e  mo s t  p ro n ounc e d
effect is on that of Ground Control.
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Ground surveillance radar has been installed at twelve air-

ports to aid both controllers during bad visibility (see Table

5.2-1). The unit , Airport Surface Detection Equi pment , ASDE-2 , is

a hi gh resolution ground mapping radar designed in the late 1950’ s

and installed in the earl y 1960’ s. It is the major equi pment

currentl y used for tower-cab surface surveillance.

5 .2.2 A S I ) F - 2  Description

,-\SDE-2 is a primary radar whose antenna is often mounted on

the roof of the tower cab in order to afford the same view (i.e.,
coverage and perspective) as that of the controllers. However ,
installation is possible on a remote tower up to a mile from the
cab  w i t h  t r a n s m i s s i on of t h e s i g nal  back to  the  cab v ia  land l i n e s .
As ori g inally installed , the radar returns were processed and

d i s p l a y e d  on a s t a naa r d  radar  P P I .  As previously discussed , the
use of the PPI display in the tower is unsatisfactory because of
its low brightness . In the late 1960’s, an ASDE B R I T E  d i s p l a y
based on the ASR BRITE was developed and installed (see Section
5 . 1 . 1 . )  Al l  A S D E - 2  u n i t s  now have  such a br igh t  d i s p l a y  and a
t y p ica l  to wer  cab roof top i n s t a l l a t i o n  is shown in F i g u r e  5 .2 - 1 .

5 . 2 . 2 . 1  Op e r a t i onal  Desc r i p t i on - F i g u r e  5 .2 .2 is a p h o t o g r a p h  of

a n A SDE p la n v iew d i s p l a y  at New Y o r k  JFK a i r p o r t .  The runways  and
t a x i w a y s  are made v i s i b l e  by the ground clutter return . 1-lowever ,
two p rob lems  were  e v i d e n t ;  the backg round  t ends  to be ve r \  m u d d l e d
and , at locations where ground returns are weak , the disp lay fails

to d e t a i l  t he a i r p o r t  su r face  at a l l .

Ta rge t  d e f i n i t i o n  w i t h  A S D E - 2  can he q u i t e  good .  In  F i g u r e
5.2.2, a departure queue can be seen in the upper right-hand
corner of the display . Target extent (wings , tail , nose , etc .)
can be p l a i n ly  seen .  E x t e n t  is very v a l u ab l e  to t h e  c o n t r o l l e r
in a s c e r t a i n i n g  runway c l ea rance  ( e . g . ,  of an a i r c r a f t  h o l d i n g  n e ar

to a runway) and in aiding in target detection . As can he seen i-
the photo , slowly moving targets can be c o n f u s e d  w i t h  t h e  h a c k g ~ - ‘

clutter hut the shape of the target can aid in resolving -~uc~
con t ’us ion.
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TABLE 5.2-1 CURRENT ASDE-2 SITES

ACY ~t l anti c City NJ (\\HX)
ADW And rews AFB , Wash i ngton DC

ATL .~tlan ta CA

BOS Boston MA

CLE Cleveland Oil (in process of co issioning)

EWR Newark NJ

lAD Dulles-Wa shington DC

JFK Neh York NY

ORD Chica go IL
PDX Portland OR (in process of comm issionin~~
SEA Seattle WA

SF0 San Francisco CA

5 2 2



____________ 
I NF LATE D RA DOME

I I I I I ASDE

RADAR 
EQUIPMENT

ELECTRONICS 
ROOM

_ _ _ _ _ _ _  

I I I I I 
— 

_ _ _ _ _

\~~~~i1~~~ /
\ BR lIE DISPLAYS 

TOWER

GROUND CONTROL

EQUIPMENT ROOM
BELOW CAB

DISTRIBUTION ,
VIDEO AMPLIFIERS , VIDEO SCAN

POWER SUPPLIES CONVERSION

FIGURE 5.2-1. ASDE-2 EQUIPMENT LAYOUT
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The target trails which occur on a BRITE display do not

occur on a PPI display (see section 5.1.1) and therefore are not

shown in Figure 5.2-2 (a PPI photo) . The trails give an indication

of target speed (long trails for fast moving aircraft) and target

course (fad ing behind the target) both of which are useful to the

controller. The course is part icularl y help ful , permitting the

controller to grasp a picture of the traffic flow at a glance with-

ou t wa it ing for  d isplay updates. In addition , tra ils provide

further assistance in detecting moving targets among ground clutter.

Each independent ASDE channel in the cab has a single control

head and can drive two BRITE displays . No ai rpor t has more than
two independen t ASDE channels because of cost and space l im it ations ,
which means that frequently controllers must share an ASDE channel.

For example , at Chicago-O’Hare two ground controllers and southside

local cont ro l  sha re one d isplay . Therefore , the display presen-

ta t ion must be adjus ted w ith ran ge and o f f s e t setti ngs wh ich tend
to compro mi se its uti li ty to each ind iv idual  cont r o l l e r .

5.2.2.2 ASDE-2 Charac teristics - A block diagram of the ASDE-2

and BRlTE d isplay systems is shown in Figure 5.2.3* The ASDE-2

is a high-resolution , conventional fixed-frequency radar using

vacuum tube technology (1950’s) which operates at 24 GHz and

rotates at 60 rpm . Refer to Table 5.2.2 for a listing of ASDE-2

componen t characteristics. The major subsystems are : a dual-
channel transmitter/receiver , a horn-fed parabol ic r e f l ec tor
antenna with radome , and a BRITE display sys tem .

In the original design , the antenna/pedes tal assembly was
protected from the weather by a spherica l air inflatable radome
made of rubber ized fabric. Geodes ic space frame radome s were
installed subsequen tly at O’Hare , Logan , and And rews to prov ide
improved rain sheddin g charac ter istics and prolon ged ex ter ior
coating life .

The spec ified radar resolution capability of the ASDE-2 based

on the transm itt ed pulse  width and the az imu th beam w idth is 20

* See ~ x A for a detailed description of ASDE-2
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TABLE 5.2-2. ASDE-2 CHARACTERISTICS

Component General Charac teristic

Transm itter

Frequency 23 ,800 to 24,270 MHz (1.25 cm band)

Pulse width 20 nanoseconds
PRF 14.4 kHz

Peak Power 36 to 50 kW

Receiver

Noise Figure 19 dB (maximum)
Bandwidth IF 100 MHz; Video 50 MHz
Features AFC local osc illator , SIC , FTC

Antenna/Pedestal

Reflector Size 12 by 4 feet

Gain 45 dB
Horizontal Beamwidth 0.25 degree at 3 dB points

Vertical Beamwidth 10 to 3 dB points , cosecant squared

~~ to _ 5 0 , linear
Tilt From -5° to -20°

Polar i za tion Linear or c ircular
Scan 60 rpm

Raddome Spherical 1) Inflatable , 2) Geodesic
Space Frame (Logan , O’Hare),
3) Foam (Andrews)

Rooftop Equipment We ight Approx . 2500 pounds

5-26

- •



-— . _~ ,• • -
~~

—_ -— 

~~~~~~~ 
— ~ -—~—-— — - ~~~~

- _________ 
~~~~~~~~~~~~~~ •. • •

TABLE 5.2-2. ASDE-2 CHARACTERISTICS (CONT’D)

Display System Analog Scan Converter (ASDE BRITE)

IV 945 line , 16 in. dia., 14.5 in.

usable viewing surface diame ter
PPI 5 in. mechan ical yoke
Vid icon Optically coupled to PPI , 945 line
Sys tem Bandw idth 20 MHz
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feet in range and 27 feet in azimuth at 4,000 foot range (Table

5.2-3). Field measurements made of eight installed systems

indicate that resolution through the PPI , which includes the
oper ator ’s determination of target separation , is less precise by

a factor of nearly two . Scan conversion results in a further

degradation of resolution; by 2 to 1 midrange , and by 3 to J at

maximum range.

Table 5.2-4 lists the major classes of airport surface targets

and the degree to which the ASDE defines their characteristics.

The ASDE is capable of disp lay ing the shape of heavy and very
heavy aircraf t , essential for aircraft identity-to-target correla-

tion done mentally by the controllers .

The ASDE-2 is capable of disp laying small targets out to a 3-

nautical-mile , range in clea r wea ther. Howeve r, in precipitation ,

coverage is severely restricted due to several effects:
a. RF path attentuation by precipitation is high at 24

(Hz producing “blackout”, i.e., loss of valid targets.

b . RF backscatter radiation from precipitation particles

is high at 24 GHz , causing displayed clutter , or
“whiteout .”

C. Radome rain sheeting and water absorption increases

attenuation loss and echo box effects .

The lack of small-target detection performance margin combined

with the high RF attenuation of the 24 flHz waveguide restricts the

variety of installation configurations available to the ASDE-2.

Tower cab installations where the radar equipment room is not

located immediately below the antenna pedestal cannot be accommo-

dated without serious loss in performance.

The considerable weight and wind-induced overturning moment

of the rooftop equipment also limits its installation to sub-
stantial tower cab roofs .
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TABLE 5.2- 3. SYSTEM RESOLUTION CHARACTERISTICS

Ran ge Azimu th

Radar 20 ft 27 ft at 4000 ft range
(Theoretical) (0.39°)

Through PPI 44 f t 37 f t at 4000
(Measured) (avg . of 8) (0.53°)

Through BRITE 60 ft to 60 ft at 4000 ft range

(Measured) 80 ft (0.85° average of two)

TABLE 5.2-4. TARGET DEFINITION CHARACTERISTICS

Class/Type Length Definition of Image

Light Aircraft up to 50 ft Operator able to

(Cessna 150 , Service classify as
veh icle) “light”

Heavy Aircraft 90 to 160 ft Operator able to
(DC-8) classify as “heavy”

discern shape*

Very Heavy Aircraft 180 ft and above Operator able to

(B-747) classify as “ve ry
heavy”, d isce rn shape *

*See component of wings where area exceeds 900 sq. ft.
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TABLE 5.2-5. BRITE DISPLAY CHARACTERISTICS

COMPONENT NU-BRITE ASDE BRITE

PP I
o Diameter of CRT S in 5 in

o p -B Sweep Solid State mechanically driven yoke

o Video Bandwidth 35 MHz 20 MHz

Vidicon

o Lines 1225 945

o Video Bandwidth 35 MHz 20 MHz

BRITE TV
o Lines l22S 945

o Video Bandwidth 35 MHz 20 MHz

o Diameter of CRT 16 in 16 in
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5.2.3. ASDE-2 System Problems

5.2.3.1 Airports Without ASDE -2 - Poor visibility conditions at

airports without ground surveillance radar leads to use of pilot

position reports for surveillance. Local Control uses tFrese

reports for the timing of runway operations . However , p ilot reports

can be somewhat inaccurate (i.e., late or early) requiring that a

safety buffer be introduced by the controller which reduces the

runway capacity. The extent ot capacity loss depenr~s on the

rur~way configuration (i.e., the combination of arrival and departure

runways in operation .

The impact of the use of position reports by Ground Control

is to dramatically increase his use of the voice radio. Therefore ,

voice channel saturation will occur much sooner under bad visi-

bility conditions , limiting the capacity of the controller to handle

traffic .

5.2.3.2 ~~~ports with ASDE-2 
- ASDE-2 has provided significant

capacity improvements under bad visibility condit ions by restoring

to Local Control the capability to determine and estimat e timing

of critical runway-related events. The runways are readily dis-

cernable on the display (see F igure 5.2-2) and the targets are

easily identified since their sequence is generally known and their

location can be antici pated .

However, ASDE-2 does not improve Ground Control ’s operat ion

to the same extent, identification of targets by Ground Control

is difficult because surface traffic is located over a wide area =

of taxiways; aircraft can be in close proximity to one another ,

either moving or stopped . In addition , the airport map is not

always presented clearly enough on the display to aid in target

detection and to maintain knowledge of target identity . Therefore ,
even with ASDE-2 in operation , Ground Control uses pilot position V

reports.

While ASDE-2 has proved to be a useful operational tool , it

has been the subject of a steady stream of complaints from the

field due to a variety of equipmen t deficiencies , such as :
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a. The ori ginal ASDE BRITE was a modification of the AS~
BRITE-2. However , the bandwidth and resolution requirements for

presenting an ASDE p icture adequately are far more severe than those

for an ASR. As a result , target definition and overall p icture

quality were quite poor on the ASDE disp lay

b . The map produced b y the ground clutter was frequentl y in-

adequate , especially in the taxiways , making it difficult to p ick

out a target in clutter and to determine on which taxiway a detected

target was located.
c. ASDE-2 is currentl y 15 years old. Over the last several

years , the units have developed a variety of maintenance problems

due to age , out-dated vacuum tube technology, and parts unavaila-

bility.

d. The problem most quoted by controllers is that ASDE-2

fails to perform well in heavy rain. The picture tends to show

white clutter in the radar return from the rain cell , thus

obliterating the targets and black areas behind the rain cell from
lack of signal strength getting through the rain. These effects

are due to a com b ination of a high , weather sensitive operating

frequency (24 GHz) and radome characteristics.

5.2.4 ASDE Related Equipment

5.2.4.1 A New ASDE Bright Display (NU-BRITE) - In view of the

problems being experienced with the ASDE BRITE display , a new

high bandwidth and resolution bri ght display was developed in 1973

for special application to ASDE. An eng ineering model was con-

structed and instaLled at New York JFK for operational evaluation

and comparison with the ASDE BRITE V A comparison of the parameters

of the two systems is g iven in Table 5.2-S. ihe primary objectives

of the system were to provide p icture quality, target definition ,
and above all , target detection . Field experiments conducted with

controllers indicated up to a 40 percent improvement in target

detection with the NU-BRITE display . Another objective was to

provide an improved control heid (described below) . Following a

successful evaluation , a production procurement of 3 systems was

initiated for New York JFK , Chicago O’Hare and San Francisco;
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ui~ t a1t a t ion of the e unit s w as c o .pleted in mid CY ~‘b . ~o

dec is ion has been made by ~~F to extend deploy ment to other s~ te-~,

~~~~~~~~~~~~~~~ the l~e ster n Region (AWE ) is considering procurement u~ two

\t J-13 R 1T1: system s for the Los .~ngele s ground sur v e i llan c e radar

Sec t ion 5. 2 .4  .2 ) .

The \ I J -B RITI.  : . ‘ ~ l head is -fl own in I igure : . 2-4 . It has
the same s i z e  and we i :ht c h a r a c t e r i s t i c s  a th e ASIII H R I1 I  con-
tr o l head. It too p ro viJt ~ hri~ h t r a ~ - s . c o n t r a s t , and an e r a —
f un c tion . It d i f f e r s  in it range and offset contro ls . Range

sele c t icn i s  continuous rather than discrete and min imum range
is 3000 ta-c t .  I h is p e r rh i t~ ~~~~ a~~~ur ~ range select i on inc l ud ing
only areas of inter e st on display to ~‘et the t~t’ t  targe t
size and resolution . tJ se of m inimum range per m it ( round Con-
trol to improve his a b i l i t y  to detect target V~ if he has his own
display and centers it on the :ax iwa v huh . ~ also i - ~ con-
tinuous (as with the ASOF B R I TE) hut is independent of the range
selec ted. ~taximum offset is 9000 feet on any range se1e~ t c d .

The independence of range and of f-ct is I n p o r t a n t  to make use
of the minimum range sele ction , c .pecla llv at remo t ely l~ ’a ;ated

ASDE antenna insta llations.

Ex amples of how t h e  dis Ia ;r e - n t a t i V ~~n ~;an he s?t up for

ground and northside local control at Chicago (~‘II are are -h own

in Figures 5.2-5/6. Figure 5.2-5 shows how the minimum rang e

scale enlarges the view of tH critical t a ’ i w a system at o’Hare

for Ground Control. However , use of such a limited v iew in t

area exclude s information on the rest of the a i r r or t which m agE t

occasionally be required. To solve this problem , two presenta-

tions can be set up on the ~ontro l head (see Figure 5 . 2 - 4 ) .
Presentation 1 cou ’d he set up with minimum range and nrrcenta-

tion 2 could be set up w i t h  a large range as shown on F ig ure 5.2-5 ,

selectable by means of a simple switch. Figure 5.2- s shows how

the two presentation feature could be used by northside Local

Control.
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It should be po inted out that the Ground Control option
c ited above cou ld not , in fact , be used at Chicago O’Hare with

the current display configurat ion s ince southside Local Control

shares the ASDE display with Ground Control. There is no room in

the console to install separate BRITE displays .

Physically the NU-BRITE is similar in basic design to

the or iginal ASDE BRITE sys tem (F igure 5.2-7). The most si gnif-

icant difference is the increased bandwidth in the PPI , v id icon
and TV from 20 MHz to 35 MHz . Field measurements indicate that

system resolution through the display , including operator activ-

ity , is improved by 2 to 1 over the ASDE BRITE . Reliability

and adjustment ease are improved by the use of solid state elec-

tronics , the elimination of the mechanically rotating yoke , and
the replacement of the alternator/cam system by a 12-bit optical
encoder for az imuth da ta genera tion .

5.2.4.2 The Los Angeles Ground Surveillanc e Radar - When ASDE-2
was ins ta lled at Los An geles , it was determined that the antenna

s truc ture wou ld be too heavy fo r the cab ; therefore , the antenna
was installed at a remote site. Since that installation the air-

lines have found it necessary to build hangars near the ASDE-2

site resulting in blind spots. To s olv e the probl em the airl ines
acting through the airport authority , funded a new radar with a

lightweight antenna for installation on the cab . The specifi-
cations were supplied by the FAA Western Region (AWE). The

radar was built by Texas Instruments ,Inc. based upon a helicopter
ground mapping radar and was installed in 1973 .

The Los Angeles radar antenna is covered by a plastic shell

shaped like a short helicopter blade with an oval cross section

which serves as its protective radome . The entire assembly

weighs less than 500 pounds. The combination of the antenna

aperture , dictated by the requirements for light weight and

the chosen operating frequency , results in good performance in

fog and haze although not in heavy rainfall. Since bad visibil-
ity at Los Angeles is primarily due to fo g and haze , this com-

prom ise works out quite well there .
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[he radar is furnished with two independent PPI displays
and associated control heads. The display is a direct view PPI
equipped with a bright -phosp hor tube with appropriate filters to
maximize the brightness. The antenna rotation rate and , there-
fore , the display refresh rate are much higher than that for
ASDE-2. Without TV video scan conversion, the targets have no
appreciable trails; however , target detection is enhanced by
the flashing effect imposed by the high update rate , particular-
ly for the small hard-to-detect targets. The Western Region
(AWE) is considering the purchase of two NU-BRITE display sys-
tems , one for each radar channel.

5.2.4.3 Display Enhancement Unit (DEU)* When the Texas Instru-

ments radar was installed at Los Angeles , it was found that a

very poor airport map was generated from the ground clutter.

This was due to a combination of low frequency, antenna beam shape ,

and the lack of good ground clutter producing surfaces (e.g., grass)

• in several critical areas. Texas Instruments installed an exper-

imental Display Enhancement Unit in an attempt to improve the

map generation by suppressing unwanted ground clutter and enhanc-

ing runway and taxiway outlines. A photo of the radar PPI

with and without the DEU is shown in Figure 5.2-8; the improve-

ments are dramatic. Limited testing on target detection indi-

cates as much as a 45 percent fewer undetected targets with de-
tection and location made possible at a glance. Also , the map
outline and target extent could now be used to detect positive

aircraft clearance (e.g., holding clear between two closely

spaced parallel runways).

The DEU , however , is not problem-free . If map registration

is not precise it can actually hide a light aircraft positioned

at the edge of a tax iway or runway . In addition those features

to be supressed for map definition must be chosen carefull y . The
photo in Figure 5.2-8 looks very uncluttered . In order to achieve

this effect , the satellite and ramp area has been suppressed.

This is not an appropriate choice of feature suppression for

Los Angeles , since coverage in that area is required.
*See Appendix A for further discussion .
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The controls on the DEE! permit separate brightness control for

the video within the map , the map itself , and the video outside

the map. This latter feature allows for partial suppression of

background clutter and can be useful in exposing areas of oc-

casional concern.

Since the experimental DEU was quite successful at Los An-

geles , it was decided to examine the unit on ASDE-2. In 1973

the unit was removed from Los Angeles for about a month and in-

stalled on the ASDE-2 at New York JFK. The unit was examined

in operation with the NU-BRITE display engineering model. Tests

results were deemed acceptable by Air Traffic (AAT).Airway Facil-

ities (AAF) is in the process of procuring 13 production DEIJ ’s
for ASDE-2 and replacement of the experimental model at Los

Angeles .

5.3 TOWER CAB FLIGHT DATA SYSTEM

5.3.1 Overview

This system description is divided into three parts; the

nationwide NAS Stage A flig ht data system and the role of the cab

in that system , the fli ght data and fli ght data management system

used by Ground Control and Local Control to handle their traffic ,

and the cab flight data retention system .

5.3 .1.1 Nationwide NAS Stage A Flight Data System - Role of

Tower Cab - The flig ht plan provides the information which is basic

to air traffic management; it identifies the aircraft , its pilot ,
and his fli ght intentions . F igure 5.3-1 shows the standard format

for domestic flight plan filing as well as a sample coded flight

plan message. The repository of all IFR fli ght plans is the 
*

enroute NAS Stage A computer complex (ARTCC computers). Scheduled

airl ines and military flig hts that periodically use the same

flight plan have their flight p lans stored semi-permanently in

the ARTCC computer. All othe r IFR fli ghts submit their fli ght

plans via phone or air-ground rad io either to the local ARTCC ,

Fli ght Service Station , or Air Traffic Control tower. On entry

of a flight plan , the NAS Stage A computer checks it for
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PA D*PI 
—
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IPIO T S ___________________________________________________

• .0*111 OP flI OI*T

• A lIT**I *T~O** IN.*. .1 .k1 * .AV 4*1~ 1 IS , SONAtAS

. I2T NA ’tD V IAl AM lOUtS ‘2. PI~iI 0*4 10*1* 1 3, AI TC IPIA T I 4IIPOATIS) 4 , PIl0T~$ NANI

M I M U T S I •IOUI$ MINIITTS

1. P lOT’S *O*VP *S 4*4* TSIIPWOIAI NO. OS Ii .  NO, OP *7, COb S OP A*ICWT II. Ph ONY WAT CA STATION S
AII CIAP T Il*~..l lASS ‘515041

*10*1*

!/ SPUCI AL SQ UI P ASPIT SU PPIP I — 0*15 * .... , .. 4..—.*. ..4.

CLOSE FLIGHT PlAN UPON ARRIVAL t ~~~~~• I — DNA I —  V~~~~A**1d.*—~ • *.d~

~AA Form 7233—) (1-lAS FOSMULY PAA ‘012 427 1000

ZA U

RF D 1604016 FP N4152 C182/A 130 RFD P 1700 160 -

RFD .V2 55. ML !. V434. . V216. HLC. V4. DEN/0309

DECODED :

To: Chicago Center
Fm: Rockford FSS, ORIGINATED 1604 GMT, 16th message of day

Fligh t Plan Aircraft #N4152 Cessna 182 equipped with 4096 code , transponder and DME ,

atrsp eed 130 ki~ota , depart Rockford 1700 GMT; 16, 000 feet; route of flight : V255 ,

ML !, V434 , V216 , HLC , V4. Destination Denver. 3 hours 9 minute s ETE .

FIGURE 5.3-1. FLIGHT PLAN FORMAT AND TYPICAL SUBMISSION
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reasonableness , such as proposed airspeed versus indicated aircraft

type , and then stores the plan. Then fifteen to thirty minutes

prior to the indicated departure time , the NAS Stage A computer

assigns the flight a beacon code and distributes flight strips ,

contain ing data pert inent to the flight , to the TRACON , tower
cab , and center sector of departure. On receipt ot the stri p in

the tower cab , a controller will typically call the center by

means of the ATC interphone to obtain departure clearance for the

flight before contact is made with the pilot. This call is not

necessary at those busy airports where a letter of agreement

exists stating that the cab receipt of the stri p in itself signals

clearance for the flight to proceed . The reading of the flight

clearance to the p ilot (i.e., clearanc e delivery) by the tower via

the air-ground radio is authorization for the IFR flight .

Upon takeoff , the flight ’s departure time is entered into the

NAS Stage A computer which then commences flight data processing

for the flight. This consists of time-over-fix up-dates , and of

the correlation of the flight plan to the fli ght track. As the

flight proceeds through controlled airspace , the computer causes

a f l i ght progress strip based on the processed flight data to be
printed out at the next enroute center or terminal area to handle

the flig ht 15 to 30 minutes prior to the entry of the flight into —

the ATC facilities airspace. The printed strip is removed from

the printout device , inserted into a holder and placed in a rack

in view of the controller who is to handle the fli ght.

In addition to providing fl ight progress strips to controllers ,
this complex of computers , with its store of submitted fli ght

plans and processed flight data provides the Air Traffic Service

wit h the means to manage t raf f ic on a nationwide scale.  With
this tool , the Air Traffic Service can predict peak demand levels ,
can monitor the system for traffic bottlenecks , and can adjust

traffic flows so as to reduce the impact of demand surges ,
recurring bottlenecks , weather , and ATC equi pment failures.
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From this s impli f ied descr i pt ion of the nationa l NAS Stage A
fli ght data system , two points are ev ident concerning the control

tower cab. 1) The tower cab services the system by providing

c Iearance del iv cry , by prov iding the IFR departure t imes which
in i t ia te  t h e  computer ’ s f l i ght data processing and occasionally
accept ing and relay ing f l ight plan submissions when requested;
but the cab is only partially serv i ced  by the sys tem as evidenced
by the fact that flight progress s t r i ps are not normall y provided
to the cab for IFR arr ivals . 2) The cab receives IFR departure flight
s t r i p s  primarily for clearance delivery, and then only at airports

wi th  suf f ic ient  t r a f f i c .  [his t ra f f i c  level var ies from reg ion

to reg ion, but in the New England Reg ion the required t r a f f i c
level is 100 ,000 annual itinerent operations whi le it is 20 ,000

instrument operat ions per year in the Western  Reg ion.

At airports with less traffic , the controller uses the inter-

phone voice link to the parent TRACON/ARTCC to transmit IFR

departure times and to receive fli ght plan clearances , and

occasionally at some airports to relay fli ght plan submissions .

As a memory aid , the controller will use a scratch pad to record

the information that is to be relayed. ~ith sufficient traffic ,

the cab will qualify for Fli ght Data Entry and Printout (FDEP)

equi pment. The FDEP permits the cab direct access to the

N~\S Stage A computer. Flight Plans and Clearances are received by
means of the printer and fli ght plan submissions and IFR departure

times are entered by means of the keyboard.

5 . 3 . 1 . 2  Ground and Local Control Fli ght Data System - The cab

fli ght data system provides controllers with the nonsurveillance

information on each aircraft that they require to manage the traffic

under their control. The more important data and data management

requirements of cab controllers in carrying out their various

traffic management functions are:

COMMUNICATIONS (controller to pilot ) - In order to communi-

ca te  w i th  a pi lot , the control ler  must know the aircraft
f l i ght number and have a method by which he can readi ly
c o r r e l a t e  the flight number w i th  the actual a i r c r a f t .
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DEPARTURE RUNWAY ASSIGNM E NT - When multi ple departure runways

are in use , the controller uses the departure ’s first fix

and wei ght class in selecting the departure runway.

TAXIWAY ROUTE ASSIGNMENT - To make a route assi gnment for any

aircraft cr other vehicle , the controller needs to know

its identity and destination on the airport. For depart-

ing aircraft this consists of knowing the runway assi gn-

ment and also of knowing if the aircraft requires special

handling , such as a flow control restric tion being in

effect which requires the departure to be delayed before

take-off. For arriving aircraft , this consists of knowing

the aircraft ’s gate assi gnment and whether the aircraft

requires special handling, such as a hold due to its gate

not hav ing yet been cleared by its previous occupant .

These are general data requirements which can vary from

airport to airport or even at the same airport . For

instance , if an airline ’s gates are grouped together in

the terminal area , then it may only be necessary for the

controller to know the name of the airline , which he can

obtain from the fli ght number , instead of the fli ght ’s

gate assignment in order to direct arrival to the

appropriate entry point in the terminal ramp area.

TRAFFIC SEQUENCING - Controllers sequence traffic at normal

merge points in the airport traffic flow pattern in order

to reduce slow-downs and to increase the utili: a tion of

the departure runways. To do this the controller needs

to know each aircraft’ s assi gned route , hold reqi: reme nts ,
and for departures their first fix and wei ght class.

RUNWAY CONTROL - Local Control needs to know aircraft wei ght

class to establish separation requirements and aircr a ft

type to be able to estimate an aircraft ’s performance.

Knowledge of probable aircraft performance allows Local

Control to predict the amount of time the aircraft wil l
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spend on the runway and closing rates between tandem

operat ions on the runway.

MONITOR TRAFFIC - To effectively monitor traffic , the con-
troller needs to know what instructions have been issued

to each aircraft under his control.

In summary , whereas the specific Local Control and Ground

Control requirements for data and data management functions may

vary from site to site , they generall y ioc l ude the following:

Non-Surveillanc e

I)ata Requirements

Fl i ght N u m ber  )
hVei ght C lass  ~ for a r r i v a l s  and departures
\ i r c r a f t  Type I

Gate
Gate De~ av for a r r iva ls  only

F i r s t  Fix
Flow Control  ~ for departures only

Restrictions )

Identit y for non arrivals/departures
Airport Destination su~ h as tow and •

FAA
maintenance vehicle

Data Management Functions

Maintain fli ght data

Correlate fli ght number with actual aircraft

Maintain a log of instructions issued to each aircraft

At the smallest cab facilities , the flight data required for

Local and Ground Control traffic management purposes is obtained

by mean s of the controller -to -pilot voice channel , the interphone

link to the parent ARTCC or i RACON , and the cab window. Table

5.3-1 shows the typ ical equipment used to obtain the fli ght data.
The interphone provides thc fli ght numbers of the arrivals that

are about to be handed off to Local Control and any flow control
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EDEP A /N IiBI1I

IFR •\ RR IV A LS

F l i - ~h r Number I n tt -rphone A /~ BR II ’I

N e i ght C 1a’~-’ Vo i ce Channel ~‘N BR I l l

A i r c r a f t  Type C~ b W indo w A /N K K I T L
Gate V O i c e  Channel

Ga te Del iv Voice Ch-inne I

I F R  DEPARTURE S

Fli g ht .~umber ~oicc Channel IDI P

~e i ght Class 1 1)1 P
.\ i rc raft Type I III P

First Fix ii ~ P
Flow Control
Restrict ions Interphon e

VFR ARR IV-\LS

Fli ght Number Int eT’ H ’’n~ -~/ X  BRI M.
A ircraf t Type Cab Windo w A/ N BRI I I
Airport Destinati on Voice Channel

V FR DEPARTURES

Flight Number Voice Channel
Aircraft Type Cab Windo w

Di rec t i on  of Fl ight  V o i c e  Channel

NON ARR /DEP TRAFFIC

Identit y Voice Channel

Airport Destinati on Voice Channel
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\~~~a i s ; - o i  i s with h ig~ie~ t i t  ic Leve l s , two o th et 1 ig Li d a ta

~ourccs -i Fe ava i lab le t o  the cab , 1- 1)1:1’ an d ARTS BRI I I . . 1-1 ) 1:1’
pr o v ide ’ a 11 -

~ i nent I i gis t d;i • r 1 ER dcp.i r m i  ~~ w i t  t h-

e\c ept ion of  t low out ro l - t r let ion~~, w- h ich .ire oh t -a m e d  by means
ot the : : r - : rphon e. On the \ R I S  B RIT E d i - . p l av  used by Local Co: t ro l ,
each ta rge t  is show n w i t h  a d a t a  b lock  th . s t ‘u t - s ins the rget ‘ S

11 ig ht number - m d  , is -‘ s i t e  ‘ ‘p m  i on , the rgr t  ~ a Ire ra t  ¶ pe.
A los er cab ~l u m l i t 1 c s  t o r t h i s  d i s p l iv  - i -  i t  ii parent I R - ’t( O\

i s  \RTS I l l  equipped , the a l t  hand le~~ 3S , ’00 annua l it inerent
ope ra t i on s  or mo s t- m d  the a i r p o r t  is w i t h  20 m i l e s  of  the parent
T R.-~CON.

Once the f l i g ht d a t a  i s  obta ined by the cab, it ru- v he ma in-
t a m ed and d i s t r i b u t e d  to ‘ he e o i v r s l l c r s  - is  needed . In order to
mana ge the ra ft ic in c r i  tac t w it h the cab , the con roll u s - i
he able to keep t r a L k  of the instr uc t ions th a t have been is —se d
to each a i rc r: m f t  ( ~uch i s  , a ~ si gned runwa y , assigned t i  \ I i~a V I i l l

a s s  i gned holding a r e m , e t c .  ) and he ab le  t is c ’ r rt- I ate i i ra
flight numbers wi t  the i : v i t l  a i r~ ra it t o r commun i e i t i - n  purr 

-
~

The dem and on the interna l cab II igh t d a t m  sv -- t em ~~I r i c —  w i t h

:m i rpor t t ri if ic volume. \t a i rport s w i t h  low t ra ‘ tic I evel s , t

cab conduc t~ single runway oper it i ons , the taxiwa y t r a f f i.  f low
I t t - r n  is simple , mm d the cab seldom handles more than 5 7

5 - 1 9
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a ire ratt at a t l ine . Iii iii uncompi icat ed s it s i t  Ion in v o l v ing so
I ew a i rc s a t  t , t i t  ~ ih cont  i o l 1~ - r s tend to kem p t i - i ~ k of t h e  rm - —

qu i red t l i gh t  dat  a in t he i r head-, at  cli pad is ;iv. m II •ihl m- f o r
not etakin g , and pertinen t information is p i s se d t roi:i one cih

eon t ro ti e r 1 t lie ~~~ t by w o r d  o I niout h . 1J~ i i;m 1 I v t he cont ro I le r

w ill  on 1 v u~~- the scratch pad t i  I a st the 11 i gh t riurhe rs o I I he

i i  re ra t t under his co sit U I  1 . Cont r o ll ers correlat e ft I ght mumbe r
w i t h  the a c t i s i l  a i r c r a f t  by c o m p a r i n g  the  sequence of (I i G h t
numbers on hi is  se ra tchi NitI w it ii the IL t i  t 1 - - t I sence of I r a il i.•

and by remembering or not tu g the eo rre l ;mt i om betw een fli ght number

and the phvs i c m l  ;ippea s ince o I the a i r- ra I

In contra -i , i t the n - m t  i o n ’ s hti ~~iest a irp o rts the cabs oper-

ate mu t t ip i t - runw ay- , the t ;m x iw ~mv t r a f f i c  flow patterns are c o m p l e x ,
and the ca b ~ are rout h i d  

~ 
involved w i t h  50 to bO as rcr m ft m t a

time. Ther e may he , f i r in - t ;mnce 15 taxiing aircraft .8 u i r c s a t t
a c t i v e l y  usin g I operat iona l runways , 10 m i r c r i I t  i n  h u cu e s  a w a i t —
i n~ t a k e -  t I on ~ depart sire runways ,and ~U a i rc t a  I t on which tie-

p .mrture clearances hav e been received and pretaxi contact wit h  the

aircraft has begun. The in t e r n a l  cab ti a g h t  data system must

p rov ide the nonsurve ii lance dat a on each i s rc ra i l  rc qu i red for

traffic management purposes by the -I or 5 cab controllers in direct

contact with these :i ircr a ft. In a d d iti o n , the system must have
the c a p a c i t y  to permit control ler~ to handle traffi c ~ii r g e~ , both

planned and unplanned and must have the f l e x i b i l i t y  to permit
controller s to handle modifications to the estab lished airport
tra t f i c  flow pattern , hoth routine and unusual. For example:

Planned Traffic Surge - li - I idav tr ;m ffic

Ilnp lann c- J Traffic Surge - aircraft that cannot land at their

o r i g ina l des tination airport due to weather.

Rout inc Tr ;m I I ic I low Pat tern Change - change of runway con-

fi gia rat ion

(Jnu sis ;i 1 Tra ff 1 c 1:1 ~w Pa t tern Change - t he sudden c i  os i ng o f
-onie port ion of the air port due I a disabled aircraft

that req u ires the c a b  to inst i tute a uni que traffic flow

p a t tern.
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Ihe use of the scratch pad by controllers to record and
organi ze data on traffic under their control and the use of word

o f  mouth to pass all pertinent informat iom between contr ollers

constitute a flight data system that is limited - b o t h  in c ap a c i ty

and in flexibility. The fli ght data system at the busier cabs is
based on the fli ght strip. The fli ght strip provide s:

a. Fli ght data on a particular a i r c r a f t .
h. A scratch pad for flight data amendments and pert inent

traffic control information.

c. The controller with a means to organize and reorganize

his flight data (i.e., the order of his flight strips

to reflect the on-going traffic situation and its changes).

d. A vehicle for coordination between controllers to replace

direct voice communication.

The FDEP provides the cab with strips on IFR departures. Fi gure

5.3-2 describes the format of these strips and presents two

examples of the information printed on these strips by the FDEP

system. Spaces 1 through 9 are used by the FDEP system and spaces

10 through 18 are reserved for controller notations as specified by
facility directive. Figure 5.3-3 presents the same two IFR
departure strip examples used in the previous figure but includes
all controller handwritten notations . The notations include :

1. Amendments to the original IFR flight plan (e.g., ANE682
- departure altitude changes from 7000 to 3500 ft)

2. Important flight data underlined (e.g., DL959 - a heavy
DC8)

3. Instructions issued to pilots (e.g., ANE682 - make an
intersection takeoff from runway 4R at taxiway Charlie)

4, Pertinent traffic information (e.g., DL959 - departed
airport at 20 minutes after the hour)

5. Marks that indicate that the controller had carried out

some particular action concerning the aircraft , such as
issuing the IFR clearance or forwarding information on
the flight to Departure Control .

s -si
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1 5 8 9 10 11 12
2 2A 6 13 14 15
3 

________ 
____________________

7 16 17 18

TYPE OF INFO RMATION EXAMPLES OF STRIPS

1 Aircraft identification ANE682 DL959

2 Revis ion number bla nk b lank

2A Strip request originator blank blank
3 Number of aircraft , heavy DH6/A H/DC 8/A

aircraft indicator! type of
aircraft/ special equipment

4 Cormuter ID number 600 508

5 Beacon code assigned 4674 4651

6 Proposed departure time P1335 P2305

7 Requested altitude 70 120

8 Depar ture airpor t BOS BOS
9 Route , destination , and BOS COMM 1 BOS COMM 1

remar ks PSM V3 AUG BOSOX V205
7WQ BDL

10
Enter data as specified

- 
by facility direct ive

18

FIGURE 5.3-2. IFR DEPARTURE FLIGHT STRIP
EXAMPLES OF DATA PRINTOUT

5 — 5 2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



— 4 )-

_ _  
_ _  

r

I
. i:,

~ -

5-53

~

— - --- ---

~

- - - - --

~

.-- —-- .-

~

V. . .



~~~~~~~~~~~~~~~~~~~~~~~~~ _
~~~ _ _

Similarly Figure 5.3-4 shows examples of handwritten stri ps for

\‘FR departures and IFR/VFR arrivals.

Preprinted IFR arrival strips are usually not available to

tower cabs. Exceptions to this generality include :

a. Those cabs colocated with the TRACON and which obtain the

TRACON ’ s FDEP arriva l stri ps at handoff by some means

suc h as a pneumatic tube system.

b. Those cabs that have a second FDEP unit which l)rovides

IFR arrival strips directly to the cab . Due to space

l im i ta tions , tower cabs equipped with a second FDEP unit

are few in number and tend to be located at the less

busy airports.

In conclusion , the current internal cab fli ght data system

based on the fli ght strip, is a system of organized paper handling

that is directl y managed by the controllers. Thus effort is

required on the part of the controllers to operate and maintain

it , but it results in an interna l cab fli ght data system that:

o Can be hi ghly sensitive to the needs of individual con-

trollers and to the needs of the cab

o Can not fail as a system - at worst the FDEP could fail;

in which case controllers would handwri te all of the stri ps

including the preprinted FDEP stri ps

5.3.1.3 Cab F~J~jit Data Retent i on System - This element of the

cab fli ght data system is maintaired for legal recording and da t a

collection purposes. The legal recording system documents the
da -to-day operation of an -\TC facility in order to enable the
DOT to investi gate any traffic incident. The cab tape records all

of it s control communication channels and retains the tapes for
15 days. If an incident occurs , these tapes provide evidence of

the controller-pilot communications pertinent to the incident .

However , the cab logs , fli ght strips , and scratch pad notes which

are also held for 15 days are not admiss ab le in themselves as

ev idence.  They do serve to provide the con t ro l l e r s  w i t h  a mean s

5-54 
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for reconstructing the details surrounding the incident for their

test imony . Normally, no special flight st r ip markings for legal
recording purposes are necessary on the part of the control lers ;
but when the cab supervisor is aware that an incident has occurred

or conditions are such that an accident mi ght occur , he may reques t

the cab control lers to more fully document the operat ion by means
of their stri ps (e.g., more complete timing information).

Data col lect ion is concerned wi th providing the raw data
needed to generate t ra f f ic  s ta t i s t i c s .  These s t a t i s t i c s  are used
to evaluate the performance of the current ATC system for planning

purposes. The data col lect ion primarily cons is ts  of taking traf-
f ic counts and noting delay t imes. Traf f ic  counts are obtained in
a number of ways , two of which are having Fli ght Data count the

completed flight stri ps for each hour , or having the controllers

use mechanical counters and recording their to ta ls  each hour. To
obta in delay data , controllers will note on the fli ght strip the

time an a i rcraf t  begins and ends its delay .

5.3.2 FDE P Func tional Aspects

5.3 .2.1 Physical Descri ption - The Fli ght Data Entry and Printout

(F DEP)  system ’s main function is to accept and print flight data

information on flight strips. It also selects the appropriate

printer within an ATC facility and adjacent facilities and responds

to request messages and input errors.

The FDEP equipment is comprised of a Data Communic ation

Control Un it (DCCII), a keyboard , and a Flig ht Strip Printer (FSP).

The DCCU controls the flow of data from the ARTCC computer from the

keyboards and to the flight str ip printers (Figure 5.3-5). It also

controls the functioning of the keyboards and printers and re-

sponds to error messages. The DCCII, which is located in the IRA-

CON , can operate three printers and two keyboards . The keyboard

has 26 alphabetic keys , 10 numeric keys , function keys , and upper

and lower special characters (Figure 5.3-6). Figure 5.3-~
explains the function keys and special characters. The status

lamps (Figure 5.3-8) indicate which inputs the keyboard expects

or which functions are currently being processed.

5-5 6
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26 alphabetic keys
10 numeric keys

The 7 function keys are as follows .

1. Space (unlabeled)
2. Backspace
3. Line Feed
4. Return (carrier return and

line feed)
5. Tab (horizontal tabulation)
6. Shift (case shift)
7. Lock (case shift lock)

LOWER CASE UPPER CASE

- Period , used in lieu of (J~- Weather symbol for scat -
spaces to separate items tered clouds.
in the route of fli ght
(i.e., JAX .V S l ) —~~- East arrow .

- “Down ” arrow . 
0 - Clear weather symbol used

- o en star to denote Remarks in
~ P flig ht data.

- “Up” arrow. 
~~~~~~~

- West arrow.

- Vertical rectangle . An 
- Plus sign.

error indication .
~~~~~~

- Weather symbol for
overcast sky.

— - Dash not used.
(Ji)- Weather symbol for broken

- Commercial at; not used. clouds .

/ - Slant , used to separate 
- “Cancel” symbol.

certain group s of fli ght
data items .

FIGURE 5.3-7. ALPHANUMERIC KEYBOARD
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ME SSAGE REQUEST CHECK POWi:R

CANCEL FORMS FORM S FORMS 
W A I F  PROCEE~lCOVER COVER COVER

Status Lamps

CANCEL cancel message

DATA CHECK error in message , should cancel
message

FORMS-COVER out-of-strips or cover is open

LOCAL DATA CHECK error in FDEP terminal , cancel
message

MESSAGE RCVD received last message

POWER power on

PROCEED keyboard unlocked , beg in message

REQUEST request message , awaiting poll
of keyboard

WAIT FDFP equipment waiting for
computer response

FIGURE 5.3-8. STATUS LAM PS1
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The flight strip printer prov ides a review of keyboard mes-

sages be fore  en t ry  into the s y s te m  and p r in ts  flight data updates
and compu t er responses as w e l l  as f l i ght s t r i ps.

5 . 3 . . . 2  Flight S t r i ps and Message Handling - The flight strips

printed a t the  tower  or TRACON are called , respectively, tower

and approach control strips. The purpose of the stri ps is to

present the tower and TRACON controllers with pertinent flig ht

plans and updates for arrivals and departures. There are three

basic formats -

a. departure stri p (Fi gure 5.3-9)

b. overfli ght stri p (Figure 5.3-10)

c. arrival stri p (Figure 5.3-11)

These strips can be pr inted at the tower FDEP , the approach

control departure FDEP , the approach control arrival FDEP , or the

approach control overfli ght FDEP printers. Any requests for

enroute stri ps are printed in the towe r and approach control for-

mats.

The ori g inal fli ght plan must contain the flight identifica-

tion , aircraft data , speed , coordination fix and time , requested

altitude , and route data. The beacon code and remarks are option-

al. Flight p lans may be filed with the nearest Flight Service

Station , airline office , or military base. The ARTCC computer re-

ceives inputs from the ATC facilities via interfacili ty data chan-

nels and enters the fli ght plans into the system for processing

or future reference.

FDEP printers can be used in towers or approach control facil-

ities in any of the following ways:

A tower printer can he adapted to receive departure stri ps

only, arrival stri ps onl y, or both departure and arrival

strips. Up to four FDEP printers can be specified as de-

parture printers and up to four as arrival printers for an

adapted airpcrt within an approach control facility .

5- 6 1
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The EDE P printer can he adapted as the overfli ght pr inter
for the facilit y .

Only one FD E P printer can be spec if ied as a depar ture and
arrival printer for an adapted airport not within an ap-

proach cont ro l  f a c i l i t y .

All tower and approach control strips are scheduled for

printing based on coordination fix time . That is , strips are

scheduled to be printed according to the time over the coordina-

tion fix .2

When an output message intended for am FDEP printer is un-

successfully transmitted to that printer , the message is auto-

matically rerouted to an alternate printer which may or may not

be associated with the same DCCU. If an output message cannot

be successfull y transmitted to either a primary printer or the

associated back-up printer , an Unsuccessful Transmission Message
(UT M ) will be output to an Input/Output Terminal (lOT) after the

total number of message re-tries is completed with respect to
both printers. 3

5.3.3 Current Problems/Tower Cab Fli ght Data System

In 1974 , the FAA held a national conference concerning fli ght

data handling in the terminal area.3 As a part of that conference ,
— Air Traffic and Airways Facilities representatives from the var i-

ous regions presented papers , which , in part , described the data

handling problems being experienced by the cabs and TRACONs in

their reg ions . The following discussion is a composite of the

views expressed at that conference.

Three distinct but interrelated systems in the tower cab are

involved with aircraft flight data — the cab interface with the

nationwide flight data system , the cab flight data system which

provides Ground and Local Control with traffic management data ,

and the cab flig ht data retention system . The cab interface with

the nationwide fli ght data system is based on the FDEP and pri-
man ly involves the relaying of clearance delivery. Two problem
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areas were highlighted concerning this system — the FDEP itself ,

and the ARTCC ’s limited capability to handle non-IFR fli ght

data.

At the busier airports , the FDEP is operated near capacity

and at times will fall behind causing clearances to be delayed .

The FDEP is a relatively complicated electro-mech dnica l device with

many moving parts and many inter-related adjustments. Hi gh utili-

zation of the device causes excessive wear which results in a hi gh

rate of failure , and the complexity of the device makes maintenance

both difficult and time consuming.

The FDEP system is convenient for handling VFR fli ght data

and clearances , such as special VFR (SVFR) clearances , which permit

VFR aircraft to operate within control zones in weathe r condit ions

that are below the basic \-FR minimums . This problem is more acute

within Terminal Control Areas (TCA), because fli ght data for each

VFR aircraft must be entered into the ARTS computer in order to get

a TCA clearance and a discrete beacon code. This data entry work-

load falls on the controller since V FR aircraft are not routinely

handled by the NAS Stage A Flight Data System. For those cabs
within a TCA that are not co-located with the TRACON , the work-

load of entering the VFR fli ght data into the ARTS computer has

fallen on the TRACON if the cab has no FDEP , and on the cab if the

airport is large enough to qualif y for an FDEP. In the latter case ,
the flig ht data is entered via the FDEP into the ARTCC computer ,
which automatically relays the information to the ARTS computer.

Cabs co-located with TRACONs are equi pped with an ARTS keyboard

which at some airport s replaces the FIJE P tor ARTS flig ht data entry.

Tiie addition of the ARTS keyboard provides the cab with the same

ARTS interface as a TRACON control station . The keyboard is the

communication link from controller to computer , and the large ART S

display is the communication l ink from the computer to the control-

1cr. This interface was desi gned for the TRACON control station ,
where the input and output channels are co-located. In the tower ,
however , the TCA clearance and beacon code assi gnment are requested

via the Clearance Delivery/Fli ght Data station , but are presented

on the ARTS BRITE display located at the Local Control station.
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The LC station can be widely separated from the CD/FD station .

Putting another ART S BRITE display in the cab at the CD/FD stat ion

is not a satisfactory arrangement because of the display ’s large

size and cost and the fact that Clearance Del ivery/Flig ht Data use

only the small keyboard message preview area on the display. Some

airports have been experimenting with smaller displays .

The second fli ght data system in the cab is the one that pro-

vides Ground and Local Control with the flight data they require

for traffic management . It is based on the FDEP strip, the hand-

written strip, the scratch pad , and more recently the A/N BRITE .

The problems associated with this system as presented at the con-

ference had to do with the fli ght stri p, its storage , routing , and

modif icat ion. At the busier a irports , the storage and distribution

requirements involved in handling the large number of fli ght stri ps

put a strain on the limited space available in the cab . Stri p

routing can be awkward and distracting for controllers. The large

size of the FDEP , which constrains its location in the cab , was

identified as the biggest problem to be overcome ir establishing a

good stri p distribution pattern. Further complicating the establish-

ment of satisfactory stri p distribution patterns is the require-

ment to provide secondary strip routes in the cabs. Secondary

routes are necessary to permit control positions to be combined
— operationally and to permit coordination between controllers during

the process of amending their flight stri ps.

The third flight data system in the cab , the data retention

system , was barel y mentioned at the conference. The demands of

this sy .tem on the controller appeared to be modest and created

little concern.

5.4 AIR/GROUND COMMUNICATIONS

5.4.1 Physical Descri ption

ATC air-ground communications are carried out by voice radio.
Frequencies assi gned for this prupose lie in the VHF band (118.00 -

135.95 MHz) and the UHF band (225.00 - 400.20 MHz). The UHF fre-

quencies are used primariiy for communicating with military
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aircraf t. The VHF frequencies are used for communicating with

c iv il aircraft , as well as wit h military aircraft having VHF
equipment w hen they operate at civil airpo rt s or in Terminal
Airspace.

Installed equipment tends to differ from facility to facilit y ,
since each confi guration was generally developed in an evolutionary

wa y ,  wi th  changes and additions made at various times in response
to changed needs.

The terminal air-ground communications systems are usually
located at or close to the airport complex in facilities desi gnated

as remote transmitter receiver (RTR) facilities . The RTR houses

the air-ground t ransmit ters  and s ometimes the receivers . The air-
g round equipment is connected from the RTR to the control tower

complex both by commercial telephone lines and by direct FAA-owned

cables. Usually , the air-ground VHF and UHF receivers (and one-

for-one standby equipment) are installed in the control tower

equipment room and connected to their respective antennas located

either on or adjacent to the control tower roof . The antennas for

both frequency bands are omn i- d i r e c t i o n a l .  Each transmitting an-

tenna is connected through a switching relay to either the main or

standby transmitter. The receivers usually share antennas , with

three receivers multicoupled through a branching amplifier to one
antenna.

Air-ground communications are required for ever controller

position in the tower cab and TRACON. Eac h position has VHF/UHF
selector panels that can select individual or combinations of

VHF/UHF for simultaneous transmission . (One reason for using
simultaneous VHF/UHF transmission is that both the military and

civil aircraft worked by one controller can hear not only their
own instructions but those directed to the others as wel l .

Selection of transmitter and receiver channels is made
through channel control equipment . The receiving control equipment
permits the controller to select from one to four radio channels ,
using an individual selector panel installed at his position. One
to f ive control units are generally instal led at a posit ion . The
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equipment consists of a receiver selector and mix er panel with
volume controls for both the earphones and speakers. Also inc luded

on the selector panel is a neon light indicator above each of the
four se lec to r  sw i t ches  which indicates when an audio si gnal is
being received. The transmitting four-channel control equi pment

provides a similar capability to confori t with the receiver selec-

tion . Selection of a transmitter is made by fli pp ing one of the
four selector switches. A dim li ght above the channel indicates

an idle c hannel while a bri ght li ght indicates a channel in use.

More than one position may have access to a channel. A buzzer

alarm will sound if a channel already in use is selected.

5.4.2 Frequency Assi gnment

The overall VHF aeronautical mobile communication band

(118.00 - 135 .95  M H z )  is defined by internat ional agreement. The

United States has a national suballocation plan for this band

which assi gns various frequencies within it to purposes other than

ATC , leaving a total of 253 50-kHz channels in three distinct

bands for ATC use. Aircraft have blanket authority to use any of

the se , and select the frequency according to the ground station

w i t h  which they are c ommunicating . Assignments of channels to
ground facilities are made by the FAA .

VHF and UHF radiation prop agates along line of si ght .  Thus
the same frequencies can be assi gned to a number of ground s i tes
that are suf f ic ient ly separated.  The separat ion necessary  var ies
between 20 nautical miles for ground control functions with a

nominal transm ittel range of 5 nautical n~i1es and 610 naut i cal

miles for the hi gh-altitude .\TC functions with a nominal range of

150 nautical miles. The separation requir ements are calculated on

the basis of a protection ratio of 14 dB , i.e., a ratio of desired

to interfering signal of 14 dB. In 19 ’S , the need for VHF channels

for ATC purposes wa- estimated to be more than 5600, and the num-
ber has b een steadily increa s ing , indica t in g t ha t f requency  conges-
tion is a problem that needs to be considered .
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The problem is aggravated by the fact that a substantial por-
t ion of general aviation aircraft can tune only to t hose frequencies
at XXX.XO MHz , i.e. , not to the channels with frequencies of odd
numbers of 50 kHz - XXX.X5  MHz . These channels therefore are not
fully utilized .

5.4.3 Operat ion

A ir-ground communications are required at every position in

the tower cab and TRACON . The number of pos itions var ie s with t he
air traff ic activity and complexity of the terminal air space.

Generally, before leaving t he gate position , an aircraft
p ilot receives clearance for the flight by the clearance delivery
controller on the clearance delivery air-ground frequency ; the

p ilo t then sw itches to a ground control fr equency and the grou nd
controller clears the aircraft to the departure runway . The pilot

then switches to the local controller on the appropriate frequency ;
the local controller clears the aircraft for takeoff . Af ter
takeoff , the local controller hands off the aircraft to the TRACON
departure controller and ass igns the aircraft a departure control
commun ications frequency. The departure controller maintains

contac t with the aircraft until it reaches the point at which it

is handed off to the en route center and assigned an air-ground
commun ications frequency . Essentially the same sequence of suc-

cessive handoffs and frequency change s is undergone by arr ival
flig hts in reverse order , excep t that the clearance delivery
function does not apply.

5 . 4 . 4  Automated Terminal Information System (ATIS )

As part of the air-ground communications capability, an Auto-
mated Terminal Information System known as ATIS is installed at
h i g h act iv i ty and other selected airports. this system con-

tinuously transmits pre-recorded terminal area information (wind

direction , alt imeter sett ing, runways in use , NOTAM bulletins ,
and other data relative to a irport conditions). Some terminals
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use the VOk for transmitting ATIS informa t ion and others use a
s eparate VHF/UHF channel. The recording and playback equipment
is installed in t he tower and connected to the transmit ter by
audio l ines. The recordings are made by the tower personnel .
Messages are generally on the order of one minute in length. The

purpose of ATIS is to rel ieve cont ro l le rs  of the need to transm it

t he repet i t ive information on their control frequencies .

The AIlS messages are identified by letter designations ,
changed each time the message is updated. Pilots identify the

latest ATIS message they have heard to the controller by this

letter , and can be instructed to listen to the new ATIS message if

a change has been made.

5.5 DATA PROCESSING AND DISPLAY SYSTEflS

5.5.1 Processing and Di~ p1ay Systems

The primary objective of the data process ing and display sub-

systems in the ATC system is to present to the controller a picture

of the environment in which the air traffic he has under his con-

trol is located. The secondary objective is to supply, in a useful

and timely fashion , information about that traffic , such as air-

craft identifications , and about the environment , such as altimeter

setting . Tower cabs of different sizes have been supplied with

these systems in various forms rang ing from displays of raw video

from primary and secondary radar through the TPX-42 to ARTS III

displays. In TRACAB confi gurations , the entire p rocessor-display

system is associated with the t ower operation , while in tower-

TRACON configurations , the processor and most of the displays are

located in t he IFR room , with one position assigned to the tower.

As newer equi pment is delivered , it is FAA policy to move

older but still serviceable equi pment to previously unequipped

airports. Thus , a survey of airports from small to large reveals

not only a range of equipment from simple to complex , but also a

quasi-historical view of the development of ATC processing and dis-

play systems. The exception is the ARTS II system which is the
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newest sys t em to be considered here , but wh ich is less capable than
the ARTS III system and is meant to be deployed in lower activity

terminals.

A simplified representation of the displays from the four

systems discussed below is given in Figure 5.5-1.

5.5.1.1 Radar-only Systems - The earliest and simplest ATC pro-

cessor/display systems present to the controller a view of the

surrounding airspace on a Plan Position Indicator (PPI)* scope.

Both primary , or reflective , and secondary, or beacon , returns

are displayed at positions corresponding to the location of the

target in space. The only ‘processing ’ involved is the introduc-

tion of a delay in the painting of the primary return to compen-

sate for the delay introduced in the secondary return at the trans-

ponde r, so as to cause the two returns to he displayed at the same

range.

Over the years , a number of controls and features have been

added which make the display easier or more convenient to use or

which interpret the info rmation implicit in the beacon signal and

make it available to the controller. Among the controls and fea-

tures are:

a. Of f -center  and range control , which al lows the suppression
of unwanted coverage with increased resolution over the coverage

displayed.

b. Zero-range adjustment , which allows a check on whether
or not a g iven beacon return corresponds to a primary return , or

is possibly not a true target - a re f lect ion or s ide- lobe return -

in case there is no corresponding primary .

c. Beacon-code filter , which can modify the beacon return

in a number of ways , both simplifying the display and presenting
more information on it. For instance , the first bracket pulse

See Appendix A for discussion of PPI.
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can be displayed and the rest of the pulse chain suppressed. Spe-

cial codes , suc h as 7600 and i70 ’~i , can be displayed in a spec ial
way , say with three slashes . The presence of the Special Position
In d ica tor (SPI)  - the “ident” bit - can be used to cause a “bloom -
ing ” of the target indication on the scope which f i l ls in the
space between t he slashes .

d. Beacon-code decoder , which makes it possib le to differen-
tiate between groups of codes and to display them differently. If
the controller is given an input device - usually in the form of
thumbwheels - he can select one or more codes to the specially
treated - say by the display of two slashes - thus allowing him to
follow targets with far less chance of confusion . If he has a way

of denoting a target on the display , by a l ight-gun or other de-

vice , the actual code used by that aircraft can be displayed on an

auxiliary read-out device. —

There are systems in use at the present time which have just

the capabilities described above (e.g., Portland , ME) , and these

systems will adequately support the controller when the traffic

load is li ght .

5.5.1.2 TPX-42 Systems - There is a great deal more information

contained in the beacon replies than can be decoded and displayed

by the simple systems described so far. A processor and related

control box can be inserted between the ATCRBS Interrogator /Receiver

and the disp lay for the purpose of preparing and filtering the

information for the controller ’s use~~See Figure 5.5-2.

The operator ’s control panel has two sections: a group of

ten sets of thumbwheel switches and press switches used to select

up to ten beacon codes for disp lay and a set of switches to control

the display as a whole.

For each of the ten beacon codes , the operator may select one

of three kinds of display: 1) he may cause a center mark symbol ,

an x , to appear for each target reply which has the same two

f i r s t  digits as se lected;  2) he may in addition, cause the beacon
code for each of those ta rgets  to appear near the center  mark in
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FIGURE 5.5-2. TPX-42 SYSTEM BLOCK DIAGRAM

5 - 7 S  

- - —--.~~~~~~~ ~~~~~~~~— -- - -~~---~~~~~~~ --— -



- - 
-~~~~~

n u m e r i c  t t r i a ; or 3 )  he - , suppress those d~ spla s t -Act -p Y t O t  h it -

t a rge t , or t~ir g - ! s . which h ate code t~~i~ t 1y matching the one

dialed in.

The - i l t i t u d e  i nforma t ion t r ansm i t t ed  in mode C by some -a u-

c r a f t  can he i n t e r p r e t e d  - m d  d i s p l a y e d  h’.- the T 1 \ - - 4 2  s y s t e m  i f
des i red . If  th i s  mode a s  selec t ed , t L  alt r t u dt- In u n i t s  of 100
t~~~- t i s  d isp la y ed in nume r ic r~~rn  iu st b e1- ~-~ the beacon C~~~it - (or

all selected t arg cts which have mode C. Ea ch position i l so has

the opt ion of se lec t ing an - m i t  a t u de i l t c r , ~~L- - - -~~ uppt- s and lo we r

l imits can be set h the o p e r a t o r .  I~i th the f i l t e r  t-~ .i hlt - d , on I~
selected targets wi t h i n  i~~~ t . i l t i tude’ hand w i l l  he d i spl ayed .

except  that  t a r g e t s  w i t h  the sel -~ N- j ! code ~
- .- t  wi th -m t mode C w i l l

be di splayed w i t h  -i spec t -a l symbo l , an in -‘ box.

Other - opt ions inc l ude the di s p l - i ’. or all non- sel eL te d t a r g e t s .
marked w i t h  a smal l  c i r c l e ,  r - : e r h e r  w i t h beacon code - i i i  , i l t i inh -- ,

- des i red , and the  di~~p l .av  o r  t i a ~ ~ h i~~t o r r  in the : - - i ~~ of a

targ ct trail o1 up - three do t s rn d ic.i r ing p r c~ a ou- . ta r get posi-
t ions. T his l a t t e r  t e a t i a r e  is l i m i t e d  by numb er ot t a t ~~~ - t %  being

processed in the s - ~~tem : i t  ~2 or t ewe r ta - .
~~~ -a re a n the ‘-~~- t - m ,

three dots  are d isplayed , if 33 to 12. two d~ I~ a t e  d isp layed , if

33 to ti3 , one do t and t - - r more than i - I s the f e a l a r  i~ supprt- --.-. -d .

Furthermore , all Emergenc y . \ - ‘ Radio , and lIi , .ack codes w i l l  be

forced onto t h e d i s p l a y .  blink ith : -n and off and inc l ud i ng .iny

Mode C da t - i  - av ~a i l a b 1e . A f l as h in g  s i gna l  and - a i d ib i t -  a la rm w i l l
a l so  be t r iggered . S p e c i a l  svmho li ~ m is ii-~ed for t h e Ident (unc-

t ion Li shr in king and expanding c i r c l e  • i ho i t  the cen te - r m a r ’ - ) ,
inva l id  MoJe C d a t a  ( r h ree  s la s hes in place of a l t i t u d e  num erics)
and a l t i t ude  over 100 ,000 f e ’  ( hree dashes ) .

The syst -~ has -i L apac i~~v ot 128 targets , a lthough its opera-

tion under higher loads onl y g r a d m a a l l v  d teriorat es. The proces-
sor maintains a t a r g e t  hie of 12 8 t - a rg- s . each of which j s

dropped just before th -idar reply is due and r e i n i t i a t e d

with it S new c o o r d i n a t e s  ‘he reply i s deco ded. If more t h a T

128 targets ar c be i n g  pr - -.s~ d , the new -c t ta rh received is

written over the oldest one in the t a b l e , thus effectively dropping 
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the lPX ~~1~ and the -~Rh~ I I I  ~v~ tems .

The - \R l S  II s y s t e m  is c~~r p ~~~ -J ot t } a r t - t - ~uhsv ~ t e ms :  T h e
Ilecod tu g l . a  t a -\e~ u a s it ion s u b s y s t e m  ( l r l -\~~ I the Da t ,a P rocess ing

it ~-~~ -s t ert (1)1’S) and the l)a~ .i ~i t  and I)a~~p l - a -~ haih~- -~—.t c m ( DEI ) S) ,
these a re shown in I : a gL i , t ~ 5 .5-6 , taken from the A RN II spec it 1~~~ I

t o r i , i n  a I RACAB c o n f t g t i i . a t ion. 5 The l ) l ) .-\S rect- i~ 
-
~~ t h -  I - I g v t

data f r o m  the - \TCR BS and t r i g g e r s  azimuth d a ta  from the radar.
I t  c o n~~crts the s i g n a l s  to d i g i t - a l l o a n  and p . isses the resul t  1mg
ta rge t  dat.a lis t  to the DPS once for i- .a~ h —~~~ - e ;  ot th e radar .

the s,ane t ime , the beacon ideo s i - g r a - a i is  decoded and t i l t  - i  id

and p ;a sscd  t o  the DEl)S in much th e same w~ a~ a s  in the rad a r-onl y

system described ahovi - . [ii is capahi 1 a tv is a e t a  m e d  as a backup

i i  case of f a i l u r e  in the d ig it a l  por t ions 01 the

The DPS has a number of functions perform , some of which

arc not fe a s ible in systems not c o n t a i n i n g  a general-purpose corn-

:- ~ rer. The four ba si functions performed -are: th e processing of

beacon L l a t a  to produce target p o sitio ns w i t h  associated codes ,

alt itudes and associated J;at ;a (SPI , emergency, et~ . I; the p r c - ~ s-
ing of inputs i ron keyboards , other fac i lities , ct~ .; the a—so Cia-

tion of t l igh t -plan d a t a  w i t h  the target data and the prep ara tion
of alphanumeric and synthetic P1’! display tah les for - u t  ‘ut to t } i

DEDS . The first and Last types of processing are already being

accomplished in the IPX- -U svs t - m ~~, althoug h obviousl y not in the

same way they are done here. The computer in the UPS max’ be pro-

grammed to do a great dea l of spec ia l  p ro cess ing  to handle s p e c i a l ,
unusual circumstances , suc h as ring-around , split targ e ts and

f a l se  t : a r g e t s  in beacon data processing,  and to provide more com-

plex displa ys w ith more opt ions for the operat or to modif y the

d isp lay for h i s  u s e , a s will be shown b el ow .

In general , messages w h i c h  come from other  f a c i l i t i e s  contain

f l ight plan data , while messages which come via the keyboards con-
t ;a in  e i ther  f l ight plan data or d i s p l a y  con t ro l  da ta .  Th is , t h

input processing t;a -.k supports main ten a nce of the flight plan dat a
or of  the d i s p l a y  p rocess ing  t a s k, In turn , the f l ight plan
data is c o r r e l a t e d  w i t h  the beacon t a rge t  data  and used to g e n e r a t e
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it early. Since it is the oldest target , it w i l l  be the next one
seen by the antenna of the tar - ge ts  cu r ren t l y  in t he l i s t , and if

there are not many more than U8, the time between drop and reac-

quire will not be excessive.

There are a number of provisions in the system to hack-up

equi pment failure , although there has been no conscious effort to

provide a fail-safe capability. Both the Interrogator/Receiver

unit and the A zimuth Pulse Generator Unit are supplied in pairs ,

selectable from the contro l panel at the displays ; otherwise the

system is sing le channel. If the display processor portion of the

sYstem fails , bracket video si gnals , which are regularly available

during normal operation , can be switched on. Finall y , the pri-

mary radar video is always available to back up the beacon system .

Data processing in the TPX-42 system is restricted to the two

functions , target detection and display generation. Both are done

in handwired processors each dedicated to the one task. The beam-

splitting technique used in the Beacon Reply Processor converts

a string of mode 3/A and mode C hits on a target into a sing le
range-azimuth pair representing the target location , a beacon code

and an altitude , plus any associated data (e.g., Special Position

Indicator). The Displac Processor converts this information into

display deflection voltages , timing pulses and si gnals to produce

numerics and symbols on the displays . Note tha t the synthetic

portion of the display is limited to numbers and a small number of

symbols , only.

5.5 .1.3 ARTS II Systems - Although the ARTS II system is not

operational at this time ,* and althoug h the ARTS II system wil l

be the subject  of a more extended treatment as an element of  the
UG3RD system (Section 9.1), a brief description of its capabilities

will be inc l uded here because it fits so well functionall y between

Except for one of the ori gina l Lockheed-built systems installed
at Wilkes -Barre , PA.
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display information. The whole of the ARTS 11 system , then , is

directed toward providing the disp lay with which the controller

works and toward making it a useful too l .

The ARTS II display has near ly  al l  of the features of the
TPX-42 display (the past history feature is not available) plus a

great many more. Three classes of features will be discussed here:

those concerned with filtering the data , those affecting the data

block and the tabular data , and those concerned with the flight

data and system operation.

Contro l of the disp lay is effected by hard-wired switches ,

function buttons and alphanumeric keys on a keyboard , and a posi-

tional entry module (PEM). Control of the video si gnal is independ-

ent of the control of the alphanumeric data and is roug hly equiva-

lent to the operation of the TPX-42 described above , with the

notable addition of gain controls which allow the operator to bring

up on his display: a) a compass rose ,b) range marks every two ,

five , or ten mi les ,or c) a video map.

Alphanumeric information is displayed in two forms: tabular

data (discussed below) and track data. The track data may consist

of a single symbol , displayed at the beacon target location , or

the symbol , a data block , and a leader connecting them . A full

data block (FDB) has two lines of up to seven characters each ,

while a limited data block (LDB) has two lines , four characters

in the first and three in the second. The distinction is that

FDB ’ s are used to supply aircraft identifications (ACID) for so-

called associated targets along with altitude and other informa-

tion , while LDBs are used for targets which have only a beacon

code and possibly altitude available.

The target symbo l displayed is either an alphabetic character

corresponding to the controller position having control of the

flight or one of a group of alphanumeric characters depending on

the target type (selected or not , mode 3/A only or mode C , VF R ,
en route). Those targets under control of a position will be

associated targets and hence can have an FDB displayed. The PDB

will be shown on the displa y at the controlling position , and may
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be shown at other displays if they choose to use the ‘quick-look’

feature. Each display has a set of quick-look switches , one for
each other position , whose activations cause FDB’ s to appear next

to target symbols of the other positions.

The unassociated targets within range of the radar appear on

the d i s p l ays  as single symbols coded by type and subject to filter

selections through switch settings or keyboard message entries.

The filters are the usual ones: display all codes , display select-

ed codes , altitude limits and override.

The data blocks themselves can be modified or moved to suit

the needs of the individual. Selected fields in the FDB can be

suppressed by a keyboard message , and the position of the data

blocks relative to the target symbols can be changed to any of

eight directions , with one of eight leader lengths.

There are three types of tabular data displayed on the scope;

the location of the data is under the control of the operator.

There is a preview area which displays the keyboard entry message

until the operator is satisfied that it is correct. There is a

system data area in which are displayed the current time and alti-

meter setting . Finally, there is the aircraft tabular list which
holds fli ght data on arriving or departing aircraft not yet in the
system and aircraft with which contact has been lost for about 20

- ‘econds or more. Entries in the aircraft tabular list may come

from keyboard entries , pre— stored flight data ,or messages from

other facilities.

The controller has the capability to create , modify and/or
delete fli ght data in the aircraft tabular list and in the FDBs

through operation of the keyboard and PEM . In addition , a group
of acquisit ion points and drop areas for arrival , departure , and

en route flights may be selected from a prestored set , thus re-
confi guring the system . The acquisition points and drop areas are

used by the system to acquire or drop flights automaticall y,
relieving the controller of that task. Finall y, the capability is
provided for the handoff of targets from one controller position
to the next in a simple and natural way.
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5 .5 .1 .4  ART S III Systems - The ARTS III system is not really a
tower sys tem (it never appears in TRACAB configurat ion, for
ins tance),  al though it does interface with the tower cab through
the BRITE display and ARTS keyboard which make up the ARTS ‘tower ’
position . The controller has available to him in the ARTS III

sys tem at least the functions of the ARTS I I  sys tem descr ibed
above , and mor e .

The most apparent additional capability possessed by the

ART S III system is tracking of the radar targets , in the proce ss
of which cur ren t veloc ity is calcula ted and mad e ava ilable for
display . Thus, the data block s on the d isplay s g ive the controller
pos it ion , identity, altitude and velocity of the target aircraft.

A recent patch to the system allows the time-sharing of the

veloc ity f ield of the da ta block between the veloc ity and the
aircraft type according to site-actapted parameters , e.g., speed
displayed for 5 seconds followed by aircraft type for 2 seconds.

The tracking algorithm also is capable of maintaining correlation

of target and identity in the presence of heavy traffic and poor
conditions .

5 . 5 . 2  TRACAB Configurations

A tower cab that has within it the radar approach control

positions is called a TRACAB . Radar-d irected approach and de-

parture control are possible with only the minimal equipment

described above if the situation is simple and the traffic is

light. The controller must identify each target on his scope with

an actual flight and keep this identity clearly in mind during the

whole operation . He must also observe the relative locations of

the targets to each other , to the runway , and to va rious hazards
which might exis t (towers , shipping, mountains , etc.). On approach ,
he must direct the aircraft to the f inal approach f ix in such a
way that it remains clear of other aircraft , and then make the
ha ndoff to the local con troll er , who may or may no t have access
to a radar presentation of his own . On departure , the controller

must pick up the target at the departure fix and guide it to its

proper outbound course .
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5.5.2.1 TPX-42 Systems - As the number of targets increases , the

ability of the controller to remember the identities of all the tar-

gets iii his area of responsibilit y may be exceeded , so an aid in
the form of numeric tags on the targets is a necessity. For use
in a TRACAB , the TPX-42 must be comb ined with a BRITE display system
and should drive at least three positions: Approach Control ,
Departure Control , and a ‘tower ’ position .

Association of beacon code and aircraft identification is

still a function that the controller must do for himself , but the

display allows him to monitor the positions and altitudes of the

aircraft relative to each other and observe potentially dangerous

situations in time to do something about them .

5.5.2.2 ART S II Systems - The ARTS II system in a TRACAB confi g-

uration supplies the capability to associate the aircraft identity

(ACiD) with the beacon code , either automatically by means of pre-
filed fli ght plan s or as the result of controller action. This
association is carried along throughout the approach or departure
until dropped automatically at preset points.

The interface between Local Control and Approach or Departure

Control remains ~he voice channel and , secondarily , th e BRITE

display. In theory, Local Control can get all the information on

his display which is available on the approach control display,

but the realities of the poor resolution of the scope and its

distance from the LC station reduce its effectiveness.

The data processing functions that actuall y have an effec t on

operations by the local and ground controllers are the generation

of the BRITE display and the processing of inputs via the tower

position keyboards , most of which have to do with modifications

to the display.

5.5.3 Tower/TRACON Configurations

In tower/TRACON confi gurations , that is , when approach con-

trol is not located in the tower cab , the processing systems de-

scribed above will only marg inally affect tower operations . The

0
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same interfaces exist but the lack of phys ical proximity intro-

duces a rigid ity into the relationship. The same ARTS II or III

tower position exists with a BRITE display and keyboard and it is

used in about the same way. Communication between Local Control 
‘

and Approach-Dep arture Control wil l be by voice , as before.

5-84

- --,----~~~~~~~~~~ -p --



TT . ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::~~~
- - -  

~~
- -

5.6 WEATHER- RELATED SYSTEMS

This section describes the current tower cab equipment and

procedures dealing with the collection , processing and dissem i na -

t ion of weather and airport hazard information. Besides the usual
weather elements , the discussion includes present procedures for

handling wake vortex and wind shear phenomena and runway selection.

The descriptions are based on tower cabs in medium and large hub

ai rpor ts .  Because the equipment and control ler complement varies
substantially, even among towers at comparable airports , it is

not possible to draw accurate conclusions regarding any one tower

from these descript ions. Nevertheless they serve to typify tower
cab wea ther and airport hazard equ ipment and the procedures under
which the equipment is used at large and medium hub airports. Non-
approach control tower s, and approach con trol towers at small and
non-hub airports , usual ly  conta in a subset of the equ ipment and
procedures described here.

5.6.1 Equipment

The major equipment and data sources employed in weather and
airport hazard warning systems are illustrated in Figure 5.6-1 and
may be classified as follows :

W ITHI N TOWER

a. Altimeter Setting Indicator (ASI)

b. Wind Speed Indicator

c. Wind Direction Indicator

d. Telautograph/Electrowriter

e. RVR/RVV Indicators

f. Ceilometer Indicator

g. ATIS Equipment

h. Cl ock

OUT S IDE TO WER

C o.)~~ 0 
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Equipment

i. Field W ind Sensors

j. RVV Transmissometer

k . RVR Transmissometer

1. Remote Transmit ter -Receiver  (RTR)

m . Hygro - Thermometer(s)

n. Ceilometer (e.g., RBC)

Data Sources

0 . NWS Office (local)

p .  FSS (local)

q . ARTCC

r . TRACON

These eighteen items are discussed in subsequent paragraphs. —

The equipment within the tower is located at different control —

positions , depending on the individual tower and runway layouts.

Tables 5.6-1 through 5.6-4 give the results of an analysis of in-

strument locations at 22 major towers. The instruments covered are

Altimeter Setting Instrumen t (ASI), Wind Indicators , RVR /RVV
Indicators , Ceilometers , Transcription Devices (Telautograph/
Elect rowrt ier ) ,  ATIS Equ ipment. In general , the f irst three of
these instruments are placed at the Ground Control and Local Control
positions , and the last three are not ; but the placements are not
uniform and no general placement rule can be g iven.

The ASI is a 10-inch diameter , direct reading aneroid barom- -

e ter .  In some towers , a digital altimeter or aircraft altimeter
is employed . A mercury barometer is available at some towers or

FSS ’s. Two aneroid devices (ASI , ai rcraf t  altimeter , or a combina-
tion) are required at a facility not having access to a mercury

barometer.

Wind Speed Indicators and Wind Direction Indicators are usually
4-inch or 6-inch diameter repeater indicators mounted in proximity

to the ASI or al t imeter at the GC and LC positions.
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ABBREVIATION S USED IN TABLES 5.6-1 THROUGH 5.6-4

CONTROLLER P O S I T I O N S

CD - Clearance Delivery

FD - Fl ight Data
GC - Ground Con trol ler
LC1 - Local Controller #1

LC2 - Local Controller #2

LS - Local Sequencer

TS - Tower Supervisor

CC - Cab Coordinator

HC - Helicopter Control

AIRPORT S
BAL - Baltimore MIA - Miami

CLE - Clevelan d MSY - New Orleans
DCA - Washington/Nat ional PHL - Philadelphia

DEN - Denver PHX - Phonex

DET - Detroit/City PIT - Pittsburg

DTW - Detroit/Metro SNA - Santa Ana/Orange County

HNL - Honolul u SJU - San Juan
IAH - Houston TPA - Tampa
JAX - Jacksonv il le YIP - De tro it /W il low Run
LAS - La s Vegas
MCI - Kansas City

F
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TABLE 5.6-1. LOCATEON OF ASI AND ~ 1ND INDICATORS
IN SOME MA,JOR TOWERS

CONTROLLER P O S I T I O N

A IRPORT PD CD GC LCI LC2 IS CC I-IC

BAL /

CLE /+ /+

DCA / / -‘-

DEN /+ (1)

DEl /+ (1)
Dliv /+ /+ /+
HNL ~

/ + /-‘-

[AU /+ /+

JAX /+ ,/ +

LAS /+ ~1+

M CI / -‘- /i-

MIA (1) /-~- /+

MSY ‘
7+ ‘7+

PHL ‘7+ ‘7+

HX DA ‘7÷ /÷
PIT (1) /+ ‘7÷
S N-\ / ‘7 0
SJIJ ‘7+ ( 2 )  ‘7-i-

STL ~-‘+ ‘7÷
TPA ,/÷ ‘7÷
Y I P  ~‘+ (1) 1+

NOTES

(1) Controller has view of both Wind Speed/Direction and
Altimeter Setting instruments located at an adjacent
position.

( 2 )  Two sets of instruments.

/ - Wind Speed and Direction

O - Altimeter Setting Indicator

,1~ - Altimeter , Wind Speed , and Wind Direction
DA - Di g ital Al t imeter
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A B LE  5. b -  2 . LOCAT ION O( R Vk /  k’ ‘ AN t ) CI I !  OUt I k
I N DI  CA TORS I N  -~uMI MAJOR 1 ‘i’ I

- \ TROL LI R IO- ITIONS

A I RP OR 1 I~I) CI ) GC LC1 LC2 IS CC ((IL

HAl.

C l _ F  . -

UCA

I) LN . -

DI~ I
1)1W
IINL ( l I i  ~

1 2 )
1-AS

PHL

P H X
PIT ‘7

‘
I

S.J U
STL

TP.\
Y I P  • 0

NO! ES

(1) Pl anned .

(2 ) Dual In s t i l l a t i o n

LEGEND

/ - RVR at the position

X - RVV at the p o s i t i o n

/7 - RVR and RVV at  the pos i t i on

0 - Cei lometer
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TABLE 5. o— 3. LOC A t I ON OF ~~ -~~\ \  - - II !  ION DI~ ICES IN
SOME ‘I\ JOR ‘~~~! fl~~

( O N  I R O I . I I R  PUS I I I  t ) NS

~ I RPORT I~L) ;c i.ci 1C2 is ~~: iic

BAL

Clii E
DCA

I)E N E
DET F
DTW E (l )

I-INL E
IAH 1 (2) , !

JAX I

I
‘II

‘ISY T
P1-IL
PHX I
PIT T
S N A

SJU F
ST L

TPA F
Y I P  T

NOTE S

(1) Airport  El e c t r ow r it e r  co - l oca ted

(2) Dual Installa t iom

LEGEND

E - E l e c t r o w r i t e r

T - Telautograph or Telautowrit er
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TABI.E S . -3 . l OCAl I ON OF -VI, iS EQU I PMI \ AT MAiOR TOWERS

LO\!ROLLIi R POSITION

AIRPORT PD CD CC I.Cl LC2 T~ 
(‘C 1-’C

I~AL
CLE ‘7+

~CA
DEN
DEN
DET
DTIV +

FINL
IA!!

JAX ‘7+

LAS

MCI ‘7+

MIA ‘7
MSY
PHL /

PE IX
PIT
c NA
cJjT

~TL /+

TPA ‘7+

Y I P

LEGEND

/ - A IlS

‘7+ - AIlS with clock at same or adjacent pos ition

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..i ~~~~..
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t he  Tel auto graph and !Iectr o ~~ri ter are ele ctro me chan i cal l

d r i v e n  pens c o n n e c t e d  to a r e p e at e r  pen at a remote location . they

usua I l ~ ca rrv hon i - t v w eather in format ion and ma ’ he l o c a t e d  a lmos t
an’ ~ here in the cab

RVR and RVV are Runwa y Visual Range and Runway V is ib il ity

Valu e i n d i c a t o r s .  R\R has r ep l a c e d  RVV at most  ma jo r  a i r po r t
t ow e r s  (s ee  Tab le  5.6-2). The older RV\’ sy s t e m  is based  on a
standard intensit y projector and photoelectric detector located

near the runway . It is calibrated to indicate v i s i b i l  it y , which is

def in ed  a s the distance in statute miles that a human observer can

see a 25 candle power source at night or dark o b j e c t s  a~ a ins t  the
ho ri:on in day. The RVR sy s tem employs Hig h I n tens i t y  Runway
L igh ts  ( I I IR L )  i ns tead  of che standard projector and gives a va lue

expressed in hundreds of feet. The UIRL may be set at three levels

of i l luminat ion , the value of which must he taken into account by

the controller in determining the RVR value. The more advanced
RVR systems employ digital logic to determine the RVR value from

FU RL settings , the photoelectric receivers near the runway end ,

and a day-n i ght d e t e c t o r .

The Ce i lometer  Indicator  of the Ro ta t i ng  Beam C e i l o m e t c r
(RBC) is a cathode-ray tube d isplay ing the i n t e n s i t .  of light
receiv ed by a verticall y directed detector. The intensity is a

funct ion of the angle of the rotat ing beam as it i l luminates the
cloud base above the d e t e c t o r .  The angle is at max imum in tens i ty
converted to cloud base hei ght , or ceiling , given the distance

between projector and detector . The dual beam projector rotates 5

times per minute , giving one reading every six seconds. The RBC

which is generally placed at the middle marker of the ILS sys tem ,
was first ins ta lle d in 19S0.
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The Automated Terminal Information S’,-st em (-\iIS) comprised

o~ a microphone , a continuous be l t  recorder , and a p lay back  mech-
anism , is used to record wea ther  and t r a f f i c  i n fo rma t ion  for
cont inuous b roadcas t .  Much of the communicat ion  load thereby is
removed from the cont ro l ler ;  the p ilot benef i t s  by being ab le  to
receive the tower information at his convenience. The AIlS re-

cording is revised whenever new metero log ical information is

received (usually every hour) or when oth’-r si gnificant changes

take place.

The most common clock is a di g ita l readout secondary clock

slaved to a radio controlled mas ter clock in the- tower or TRALON .

Clocks read to the nearest  minute , g iving a max imum error of 30
seconds and a mean e r ror  of  15 seconds.  Time of day is required
in the tower for AIlS recordings , weather observations , SIC~tETS ,
fli ght stri p recording, runway changes , time approaches , and ,
most importantly , for departure and arrival separation.

The Field hind Sensors are u s u a ll y one or more cup anemo-
meters and wind vanes located near the airp ort surface. By FAA
Order  6 5 6 0 . 3 A , all wind i n f o r m a t i o n  emp loyed  at an airport is

derived from wind sensors at a single location on the surface.

That locat ion where o f f i c i a l  ~— i n d  i n f o r m a t i o n  is c o l l e c t e d , is
commonly re fe r red  to as cen te r  f i e ld .  Because of the d e s i r e  to
main tain continuity of the meteorolo g ical data at a fixed posi-

t ion in the face of a i r po r t  expans ion , the cen t e r  f i e l d  l o c a t i o n
has never been moved and toda y  is s u b s t a n t i a l  lv remov ed from the
geometr ic  center  of the run’~%av areas it many airports. Lcn t Cr

field wind readings may difL- r from ~sinds at the extremes of the

several runways.

The Remote Transmit/Receive St a tion (R’rR ) is a radio trans-

mission st ation located on the airfield or in proximity to the
airport. It relays voice inform ation on VIlE/UHF frequencies

between t owe r controller and pilot , including w e a t h e r  and a i r p o r t
hazard information.
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A hygrothermometer is employed to obtain temperature and
dew point at Limited Aviation Weather Reporting Station s (LAWRS)

towers , where remote reading instruments are provided.

7,85 . 6 . 2  Procedures

This section describes the flow throug h the preceding equip-

ment of the various types of weather and airport hazard informa-
t i on.

The weathe r observations employed in the towe r originate in

one of three ways :

a. From the NWS Office associated with the tower.

b. From the FSS associated with the tower.

c. At the tower itself when it serves as a Limited Aviation

Weather Reporting Station.

A tabulation of the inputs and outputs of the major weather system
equipments is g iven in Tables 5.6-S throug h 5.6-9.

5.6.2.1 Altim eter Setting s - The primary instrument for
altimeter settings is the ASI , if one is installed. The aircraft

type altimeter is used if there is no ASI or for checking malfunc-
tions of the ASI. The primary and backup instruments are com-
pared once per week with NWS reported altimeter setting and once
per day with each other . If there is no backup , the comparison

with NW S data is done every day . Daily comparisons are made

between 0800 and 0900 LST. Differences of greater than 0.05
inches at non-precision approach locations and 0.02 inches at

precision approach locations invalidate the readings . The cor-
rection factors for towe r altimeters are applied to the norma l
reading before transmission to p ilots.

The contro l ler  t ransmits the a l t imeter  setting over VHF/UHF

~~~ ~he RTR facility. The name of the facility at which the read-
ing was taken , and the tine of the reading , are conveyed to the

5-9 5
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TABLE 5 . 6 - S .  I NFORMATION FLOW - ALTIMETER sIiTT IN(; INDICATOR

INPUTS

From : Airport Amb ience

Form : Mechanical

Frequency: Continuous

Content: Atmospheric pressure

From : Controller (see Table 5.6-1)

Form : Hand Setting

Frequency: 1/day

Content: Correction factor for ASI instrument error

OUTPUTS

To: Controller

Form : Pointer on 9” dial

Frequency: As required

Content : Alt imeter Setting (I-ISL pressure in hundredths of inches

mercury)

S-96
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I\RLE 5 .0— h .  INFOR’IATION FLOW — W I ND SPEED/WIN !) DIRECTION

INPUTS

From : Center Field

Form : E l e c t r i c a l , analog

Frequency:  Cont inuous

C o n t e n t :  Sur face wind speed/sur face wind direction

OUT PUTS

To: Controller

Form : 4” or 6” dial calibrated 0-100 knots/4” -ô” dial

cal ibrated 0° -360 °

Frequency : As required

Content: Centerfield surface wind speed in knots , direction

from magnetic north in degrees

, - ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~



TABLE 5 . 6- 7 .  INFORMATION F LOW - R VR /R V V

INPUTS (RVR)

From : Transmissometer  located at touchdown end of instru-

mented runway , and associated computer

Form: Electrical , analog

Frequency: Continuous

Content: Runway Visibility Range (See Text)

INPUTS (RV\T )

From : Field Transmissometer

Form : Electrical , analog

Frequency: Continuous

Content: Runway Visibility Value (See Text)

OUTPUTS (RVR)

To: Controller

Form : Digital readou t

Frequency: As required

Content: Runway Visibility Range in hundreds of feet

OUTPUTS (RVV )

To: Controller

Form : Dial indicator

Frequency: As required

Content: Runway Visibility Value in miles and fractions of

miles

L~~~~~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ _ _



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---~~~~~~~~~~~ ~~~~~~~~~~~— -~~~ 
_ _

TABLE 5 . 6 - 8 .  INFORMATION FLOW - ELECTROWR ITER/
TFLAI’TOGRAPH ( NON - LAWRS TOWERS)

I N P01’S

From : Nearest N W S Office or FSS

Form : Electrical , analog

Frequency: About once/hour , or upon significant change

Content: See OUTPUTS

OUT PUT S

To: Con troller

Form : Handwritten hard copy

Frequency: Once/hour or upon significant change

Content: Observing Station (3-letter identifier)/cloud height

(hundreds of feet) , cloud type (symbol), type of

ceiling observat ion (1-letter code) , ceiling height
(hundreds of feet)  , ceiling type (symbol)/visibi l i ty
(statute miles and fractions) , weather type and
obstruction s to vision (character string)/sea level

pressure (tenths of mil libars , less first 2 digits)!

temperature (degrees Fahrenheit)/dew point (degrees

Fahrenhe it) /wind direction (tens of degrees from true
north) , wind speed (knots) , gust or squall character
(G or Q) , peak wind speed in gust or squall (knots) ,
wind shift characters (WSHFT ) , time of wind shift
(local hours and minutes)/a lt imeter sett ing (hundredths
of inches mercury, less the f irst character)/ ’Runway
visibility character (R) followed by: identifier of

runway of measurement , type of me asurem ent (VR i f RVR ,
VV if RVV ) , r u n w a y  visibility (hundreds of feet if

5-99
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TABL E 5. ~-8. INFORMATION FLOW - ELECTROWRITER/
TELAUTOC RA II! (NON—1-\hR ~ OWE RS ) (Continued)

OUTPUTS

Con ten t : RVR , statute miles and fractions thereof if RV~~,(Cont’d) variabilit y character (V), runway visibility upper

limit (hundreds of feet if RVR , statute miles and

fractions thereof if RVV )/Pilot reports of cloud

bases or tops (MSL feet  in hundreds) preceded by
cloud cover symbol if tops , followed by cloud cover

symbol if base
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TABLE 5 . 6-9. INFORMATION FLOW - A T I S

INPUTS

From : Controller

Form : Vo ice

Frequency: When rev ised weather  observat ion is rece ived or upon
change in other recorded data (about 1/hr)

Con tent : 1. Airport identification

2. Sky condition below 10 ,000 feet; visibility if

less than 7 miles , obstructions to vision , wind

direction (magnetic) , wind speed (knots) , other

weather remarks

3. Temperature (optional)

4. Altimeter setting (optional)

5. Instiument approach in use , or vector  to be
provided

6. Landing runway(s)

7 . Takeof f  runway(s)

8.  NOTAMS and Airman ’ s Advisories

9. ‘Check Densi ty Altitude ’ message if temperature

is 85°F or more and tower altitude 2000 feet or

more

10. Other pertinent information

11. Phonetic alphabet code of the message , and in-
structions to pilot to acknowledge receipt by
informing controller on initial contact
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TABLE 5.6-9. INFORMATION FL OW - ATIS (Continued)

OUTPUTS

To: Pilot

Form : Voice  transmission on TVOR/VOR/VORTAC or on specific

V/UHF tower frequenc ies (occas ionally on LF)

Frequency: Continuous

Content : See INPUTS
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p i lot  as w e l l  as the setting value . The setting associated ~ ith

a compulsory reporting point is issued when the p ilo t reports

over that point , or when observed over the point on radar , if

the aircraft is belo w FL18O . Altimeter settings may also he g iven

upon p ilot request or when the controller judges it necessary.

General l>- , if a setting has been transmitted to the pilot before

departure , anot i—er set ti ng is not issued while he is w i t h i n  50
miles of the tower. The pilot may request a setting in  m i l l i b a r s ,

which the contro l ler  must ob ta in  directly from the nearest weather

rej)Or tiflg station ‘NW S or FSS) rather than from the transcribed

wea ther report. A p ilo t request for altimeter setting at any

s ta t ion  w i th in  50 miles of the tower is honored by the t ower .

Al t imeter  set t ings are a lso  part of AT IS t ransmissions . I f

AIlS has not been rece ived by a landing aircraft , the controller

issues landing information , which includes altimeter setting .

The altimeter setting is also employed to determine the lowest

usable flight level at or above FL 180 , as follows :

Al timeter Setting Lowest Usable FL

29.92 or hi gher 180

2 9 . 9 1  to 2 8 . 9 2  190
2 8 . 9 1  to 27 .92 200

Final ly, the a l t imeter  se t t ing  is part of the “current
wea l! er ” information and the LAWRS observations (see Section 5.6.2.4).

5.6.2.2. Wind Speed and Direction Reading s - The center

field wind sensor readings are compared at the beg inning of each
working day with the re ad ings obtained from the same sensors by

the NWS or a military weather station , if any. This requires

accura te  informat ion on magnet ic va r i a t i on  (since N1VS wind is
reference to true north) and time of observation . A discrepancy
of five degrees or five knots calls for maintenance , and a

discrepancy of over 10 degrees or 10 knots renders the equipment

inopera tive . The backup wind sensors are either redundant
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t L f l i  ts a c e n t e r  t t e l d , or r - ad - -~~ s i t t b~ I \ \ , \%‘S or mi l i ta ir

t~eat~~er fac t I 1 V

Ihe t ower v ro v t~~”~ 
w i r i h  int orm atleii to the a ssoci at ed IRACON

or RAPt. O\ i f i t  i s r - t~~w ’e  lv 1 oca ~~ . !‘~ t e I -in -~ pE • e let ~~~
i~ r i e r , o ice i t  ne s ~ r i i i -  ot h~ r conv ent ent means

An app C R E  L O O t 101  t~ s~- r  : ~ \ i  ~F or i~~n— r ad a r a pproach con—

tr el tow er) rust furni sh ~ti rt - i cc w ind inloi r ia t i o n to a r t  a r t i~~ing

al rer.i it I t~ he p1 1 ut  }ia -~ not ackno w ledged r~
-
~~~

- of t h -  I a !

\I IS cent~~Li i ug i t .

hind i n t o r m a t  ion is  pa rS ~f the gener a l wea th e r informat ion

d i s s e m i n a t e d  f rom ~hc tower m d  is a1~~o emplo y ed in run w ay cd t -c -

ion.

S . . . 5 .  RVR and RVV Re- i d ings  and Rc~- ’ t t i n g  - Prope r t unc-

tionin g of R \R equi p-- e n: is che cked by pt- i io dic -.a r n t e n m l R c

procedures ( F\ \  order m S o O . 8 ) .  F \ \  -- .i inten a n ce per sonne l are

res r on—ible for de ter:- inin g mshe hcr th e t i c i d  sensor is inalfun c-

tioning; ATC personnel are responsib le for report ing any apparently
m a l f u n c t i o n ing display un i ts .  If all unit- - for the runway in

use are not avai lable , weather observin g facilit y
FAA ) is requested to provide RVR and/or RVV to the tower.

RVR meter  ind~~ at ions are based on Hi gh In tensit y Runway

Lig h ts  (HIRL ) s e t t i n g  5 . -‘- bl e must be used to ~envert the

re~ dings made w i t h  I1’RL e t t i r g s  3 and 4 .  RVR d ig ital readouts
do no t cover  all v a T h e -~ ir  the  (h\T III range .

Procedures require i ssu ing  RVR or RVV f o r  the r u n w a y(s )  in

u-~: tr b — t h  depa r t  ‘ .g and a r r i ~ ing a i r c r a f t  whe n p r e v a i l i n g
v i s i b i l i t y  or RVV i -~ 1-1 /1 miles or l e s s  and when RVR i s  6000
feet or less. — ‘ t a l l y ,  RVB is conve y ed to d e p a r t i n g  a i r c ra f t
from the to~ e r .  ‘- l id  run e - i c and ro llout  RVR is  issued when i is
le ss than 2000 feet , and a lso  less  than t he touchdow n Rye .
F ina l ly , RVR or RVV are issued when they a re  less th an the minima

for the par t i c u l a r  approach being — - -  ed.
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5. . . . 1 . t’~c at h t - r I m  to m a t  ion Ri~j’~~r t i ng  Lt.t ~neI- al — An

“of f i c  i~t l we t h t r ’ ret ort orig inat e s in the t o w e l  ‘ a-~soci  a t t  J

N1~S Office , i-s ~, or - in the ‘ -ee r i t s e l r  i~ it i s  :m ~~~~~~ unit
and has no access to t he o t h e r  two  sou r  e — . It u~ u m l l ~ con : -~an ~

Location Identi fie r of 0h-~erv in g F a c i l i t y

Sky and Ce iling Condi t ions

V i s i b i l i ty  and Obst ruc t ion S : V i s i on

Sea Level Pressure

Temperature and Dew Point

Wind Speed and D i r e c t ion

Altimeter Setting

Ru nw ay Vi sual Range

Pilot Reports

A detailed listin g is given in ta ble 5.c~ — 8 c i  he : ‘ ~ c ci

repor t  r e c e i v e d  at  the tower from a \h-~ Off ice  v ia  te lautogr; iph.
This information is transmitted , in whole c r in part , to h - ; - i i ing,

arr ivi n g , and over - fl y ing aircraft both IFR and VF R v i a VHF/UHF

communications. In most l a r ge  t - i ~urs an hourly ATIS report is

prepared , c n t a in ing  t h i s  weather in format ion among - t t - e r i tems .
If the tower  is a LAWRS , t he procedures s p e c i f y  ‘ hat the f o l l e w i n g
information be included.

a. Base of clouds — as determined by a ceiling measuring

device , p ilot report. or est imate

b. Sky condit ion

c.  Prevailing visibi lit-

d. Wea the r

e. Obstruction to vision

f .  Surface w ind

g. Temperature and dew point where remote reading instruments

are available
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h . A lt t~cN- r Se tting

i. Remarks

j . RVV or R \ R , where m~ ia lab le

Controller s are requi red w hen coming on duty to become

familiar with tie pertinent w eather information and to stay aware

of curren t wea t hr- r needed for their duti es . lhe~ f o r  wa rd

l ie r updates the app rop r i a t e  cont rol fac i i i :  I \RTCC

I R \ C O \ )  when the o f f i c i a l  w e a t h e r  changes: to  below 1000-foot
cei l i n g , to below the  highest c i r c l i n g  minimu m , or les s t han 3

mi les  v i s i b i l i t- , or w hen it  i mpro v es beyond those condit i on s ,

mmd when it undergoes changes C l ;m s— .i f led  as special w-e :ither ob-

servations w h i l e  unde r t h e  above c o n d i t i o n - — . Procedures also

require that non-approach control tower- s issue the official

we ather to aircraft execu tin t z an  i n s t r u m e n t  a p p r o a c h  i t  t h e

weath er is different from th at of t h e ATIS or different from tha

previously forwarded to t h e  \ R 1 ( C  or F\ \.

\r approach con t rol t eer~~, the AIlS report usually ; rn v ide s

the l a t e s t  e - ; t l y r  for IER f l i - ~: h t — . If , however , the p i l o t  has
not received the latest AIlS information , the tower  must provide
IFR a r r i v a l s  w i t h :

1. Sur face wind

Al t ime ter se tt ing

3. Cei l ing and v i s i b i l i ty , i f  the c e i l i n g  at intended
land ing a i rpor t  is be low 1000 feet  (or the hi ghest
circling minimum , whichever is greaten or if the

visibility is less than 3 miles .

4. Any special weathe r observations , if time p ermit- — .

The al timeter setting is issued whether or not contained in th e

recent A IlS , and addit ional HR s e r v i c e s  include general wea the r
in format ion and instrument readings . Spec i f i c  value s such as
ceiling and visibility, however , may be conveyed only if the
tower controller involved is p rope nl~ certified and acting as

official observer for the elements involved , or has obtained the

information from an official observe r or weather station .

5-106 

--~~~~~~~~~~ -.—--
~~~~~~

- - -—--- - --- 
~~~

- -
~~~
---



- - - V . -—
~~~
-— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r

5 . 6 . 2 . 5 .  Pilot Re por ts  (PU- H l~~~~ - I’IRl PS rt- Lt - iv ed by t o e i - r

c o n t r o l l e r - s  are re layed  to o ther  t o e e r  s to the A R l C C , ESS , hSO ,

l’ e;m t her Service I o r e c i s t  Office (t~SH)), and t o m i l i t a r y  units ,

as well as to the tea m superviso r , are a supervisor , or a — .-— i stant

chief. The team supervisor is responsibl e for dissemination of

PIR IPS to other controllers and t the local A R l C C  flow controller.

Cloud base and top information is reported by p u t  rela t lye ‘0

MS L. PIREPS of base and top s are incorporated l e t  o f f i c i a l
weather as shown in l ah le  5 . 6 - 8 .  Ter m ina l f a c i l i t i e s  c h i e l —
must e s t a b l i s h  proced u res to insure tha t  c loud l’a~ e and t ’ r
reports ar e  obtained on a regular 2-hour b a sis when ceiling is
5000 feet or less.

5.6.2.6. Si gnificant Mete oro lo~ i caI l nfo i- r - i ’ i un (Sl (~ I I t a
and N o t i c e  to  Ai rmeniNOTAM) - -\ SI(IME T a le r t  is b roadcas t  once
on a l l  f requenc ies . NOTA~’1S u’~u ;il I y deal w i t h  facility outage~
but ma y also deal w i t h  runwa y ou tages  due to  weather conditions.

Roth ran be included in \I IS messages , if relevant , or in offi c :.al
weat her reports.

3 . 6 . 2 . ~’ . Airport and Runway Conditions - -\ comt ro ’ l er
observing or being informed of an landing area ha :ard must

copy, confirm , and rela y the info rmation to the airport manage :

Only the airport management may legall y close a runway , Hit the
controller max - wit hhold departure , landing, or to uch-and-go

c learance to a c losed or unsafe runway. Operations unde r -— it ch

conditions are at the pilot ’s own risk.

Tower controllers must issue timely information , such as

the existence of construction work , rough pavement , ice , snow ,
slush , or water on the active runway(s), and li ght ing ~~v - :  C!

abnormal i t ies .

Braking action information as obtained from pilots or air-

craft managment is to be described as “good ,” “Fair ,” or “poor”

and the type of a i r c ra f t  from which it w a s  ob tai ned is to be

included in reports to pilots. Runway Condition Readin gs (RCR),

if available , are transmitted to non-military pilots only upon

request.
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takeof f clearance cannot he issued to commercial fli ghts

(e~~c c g t  t r a i n ing , t e s t , or fe r ry f l ig h t s )  when p r e v a i l i n g  v i s i b i l —
I ty  is l e s s  than 1/4 m i le , RVV is le ss  t han 1/4 m i le , RVR (analog )
is less t han 2000 feet , or I~VR (digital ) is less than 1600 feet.

5.t~.2. -S. Ruiti~ i~ S e l e c t  ion — ~lost major ai r l rt s have a

runw ay s e l e c t i o n  scheme des i gned to reduce the e f f e c t  of a i r c r a f t
no ise w i t h i n  the 1 inn tat ions imposed by the runw ay layout , in—
strumentat ion , and pr e v a i l i n g  wind . It no such progr am is in

operation , the cont i- ol le r must select the runway that is most

closely a li gned w ith the prevailing wind. If the wind is less

than f i v e  knots he must employ the ‘ c a l m - w i n d ”  runway. The choice
may a iso he i nf iii euced by p i lo t  request or some opera t i onal
advantage (e .g. , hi gher acceptance rate).

If the runw ay s e l e c t i o n  or use program resu l t s  in a ta i l
w i n d , the w ind ~e lo ci tv and direction taken from the center field

measurement s ! lList be stated to the p ilot . The center field wind

measurements are employed here.
10

5.6.2.9. I~ake Turbulence Procedures - W hile no equi pment

is deployed in the present system for wake turbulence information ,
procedures are not lack ing . The present procedures provide the
follo wing definitions for small , large , and heavy aircraft :

Small: 12 ,500 pounds or less maximum certified takeoff w e i g h t

Large: greater than 12 ,500 pounds hut less than 300,000 pounds

max imum certified takeoff weight

Heavy :  300 ,000 pounds or more max imum certified takeoff

weight

Some aircraft types (B707 , llyushin , DC-8) have both large and
heavy versions. Flight strip data are inadequate to distinguish

between large and heavy versions , so that the controller must , in

many cases , rely upon the common airline practice of identif ying

the a i r c rat t  s i z e  by the word “heavy ” following initial radio

contact with tower. Controllers must themselves use such term-

inology in radio communications.
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For two aircraft landing succ es siv ely under radar control in

the terminal are a , the required separation s w i l l  have been applied

by en route and approach control before hand-off to the tower (4

miles for snall behind large , 5 miles for large behind heavy, 6

miles for small behind heavy).

At non-radar approach control facilitie s the following separa-

tions must be maintained by the controller:

a. IFR aircraft of an” size landing behind an arriving heavy

jet must be separated from it by two minutes if they are using the

same runway , crossing runways , or parallel runways less than 2500

feet apart; except that a small aircraft arriving on the same run-

way as a heavy must be separated from it by three minutes.

b. IFR or \‘FR aircraft landing on a runway that crosses the

airborne portion of the path of a heavy jet departing a crossing

runway must have a two-minute separation from the intersect ion

point .

c. IFR or VFR aircraft of any size must have a two-minute

separat ion behind a heavy j e t  depart ing the same runway, a para l le l
runway  s e p a r a t e d  by less than 2500 feet , a crossing runway if the
pro jec ted flight paths wi l l  c ross ,* or a parallel runway separated

— by 2500 feet or more whe n the projected flight paths will cross.

F Successive departures on independent parallels without crossing

flight paths have no separat ion requirements.

In addition to providing positive separation , approa ch control

and non-approach control towers are required to advise the pilot of
wake turbulence in the following circumstances: 1) aircraft of any

s ize  landing behind a heavy j e t  that is departing the same or a
parallel runway less than 2500 feet away ; 2) a i rcraf t  of any s i ze
landing on a runway that crosses behind the rotat ion point of a
heavy jet departing a crossing runway; 3) VFR aircraft whose
arrival flight path will cross that of a heavy jet arriving on a
crossing runway.

If the aircraft ground paths cross (intersection takeoff) the
separation is three minutes.
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Although the non-radar wake turbulence separations are speci-

fied as one - , two - , or three-minute interval s the standard tower

equipment does not include an interva l timer. The standard

di gital readout secondary clock is prec ise to the nearest minute .

(See Section 5.6.1.) If the controlle r allows two clock changes

to elapse for a two-minute separation the average separation error

will be-30 second , or-25 percent. If he allows three clock changes ,

the average separation error will be +30 seconds or +25 percent.
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5 .7 INSTRUMENT LANDING SYSTEM (ILS)

5. ~‘.l Principles of Operation

The Instrument Landing System (ILS) currently in use operates

in the VHF and UHF radio frequency bands. The first commerc ial

syste m was demonstrated in 1939. The ILS was adopted for nationa l

serv ice in 1941 and by ICAO as the international standard in 1945

The ILS may be div ided functionally into three parts:

Guidance Information - localizer , glide slope

Range Informat ion - marker beams

Visual Information - l ights

The gu idance components of the ILS are the localizer and the

glideslope. The localizer provides guidance in the horizontal

plane to aircraft approaching and landing. It operates by

radiat ing two different VHF signals at the same carrier frequency.

One of them is amplitude modul ated at 90 Hz and is radiated in a

pattern that predominates on the left side of the course l ine

(runway center line, extended) as seen from the approaching
aircraft. The other VHF signal is amplitude modulated at 150 Hz

and is rad iated in a pattern symmetric to the first and predominat-

m t  on the right side of the course l ine . Along the course line

the two radiated signals are of equal strength. The glideslope

station prov ides guidance in the vertical plane. Two amplitude-

modulated UHF s ignals are radiated ; the first modulated at 150 Hz

predominates below the descent path angle and the second modulated

at 90 Hz predominates above it. Along the indicated line of

descent the signals are equal.

The marke r beaco ns , placed along the extens ion of the runway
center line , operate by radiating 75 MHz signals upward in a

fan pattern . These signals provide range information to overflying

aircraft . Ordinarily, there are two marker beacons assoc iated
with an ILS , the outer marker and the middle marker. At some

locations a third , or inner marker , is also used. The outer

marker is some five miles from the end of the runway whereas the
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middle marker indicated a position at which the aircraft is

approximately 3500 feet from the landing threshold. The inner

marker , where installed , will indicate a point at which an aircraft

is at a designated decision height (DH) on the gl ide path between
the middle marker and the landing threshold.

Visual referenc e is provided by approach and runwa y li ghts
and , at some locations , by touchdown and centerline lights .

System status information is displayed in the tower cab from

where the system is controlled .

5.~~.2 Categories of Operation

Several categories of ILS operational capability have been

established and defined by minimum decision heights (DH) and/or

minimum runway visual ranges (RVR).

Category Decesion Height Runway Visual Range

I 200 feet 2400 feet

II 100 feet 1200 feet

lIla 0 feet 700 feet
IlIb 0 feet 150 feet

IlIc 0 feet 0 feet

As of March 31 , 1977, there were 536 commissioned full ILS

systems in operation , 493 of which were Category I, 39 Category II

and 4 Category lila .

A full Category I ILS ground system consists of a localizer

glide slope , outer and middle marker beacons , poss ibly an RVR
and ceilometer , and a Medium-intensit y Approach Light System with
runway alignment indicator lights (MALSR) w ith sequenced , flash ing
lights. (RVR’s and ceilometers are not usually included in the
“standard” ILS installation; however , they frequently appear at
busy sites.)

Upgrading a full Category I ILS installation to Category II

requires:

a. Assur ing the localizer and glide slope performs within

specified tolerances . In order to achieve the required
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improvement on localizer performance , an antenna suitable

for providing improved localizer performance will be

required. Capture effect glide slope or sideband

reference glide slope may be required and , in addition ,
some site preparation needed for necessary glide slope

path and course improvements. In many cases it also is

necessary to relocate the glide slope to meet threshold

crossing height requirements;

b. Installation of an inner marker beacon ;

c. Retrofitting existing approach li ght system to Category

II standards (This is not a requirement if an ALSF- l

is available and meets the gradient standards);

d. Installation of touchdown zone and centerline lighting
systems ;

e. Installat ion of hold signs and critical area markings ;

f. Installation of a second RVR (A third RVR is required

fo r runways longer than 8,000 feet);

g. Installat ion of dual equipment for localizer and glide

slope components.

Upgrading a Category II ILS installation to a Category lila

installation requires :

1. As suring performance within tolerances as in (a) above

but more stringent Category l ila tolerances

2. Installation of a third RVR

3. Upgrading the approach light system to ALSF-2

4. Provid ing redundant operation of localizer and gl ide

slope components

5.7.3 Use of ILS

1~hen the aircraft using the ILS has been cleared to land
by the airpor t control ler and has performed the initial approach
procedure , it will be about 6 to 8 miles from the runway at an
altitude of 1000 to 1500 feet above the terrain . The aircraft
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receiver picked up the localizer signal some t ime previously

and actuated a cross pointer instrument in the cockpit , instruct-

ing the p ilot to fly left or right so as to intercept the local-

izer centerline. The aircraft , when it is on this course , is

usually in level flight.

Approx imately five miles from the runway threshold the air-

craft passes throug h the fan beam of the outer marker, wh ich
actuates a flashing purple l ight on the instrument panel and a

tone in the pilot ’s rad io headphones. The pilot is alerted to

intercept the glide slope . At the outer marker the aircraft is

approx imately 1200 feet above the terra in. It follows the glide
slope path at a nominal descent angle of 2.5 -3 degrees.

Approximately 3500 feet from the threshold , the aircraft

intercepts the fan beam of the middle marker at an altitude of

about 200 feet. At this point , for a Category I system , the

glideslope signal becomes errat ic , therefore , the p ilot must be

able to see the runway or approach lights , and land us ing normal
visual control , or execute a missed approach procedure. For higher

categories of operation, si gnal integrity is maintained to the

appropriate DH level.

5.7.4 Limitations of the System

At the frequencies used by ILS , rad io s ignals are reflec ted
and beam patterns are distorted by large objects on the ground ,
such as buildings (particularly metal hangars) and aircraft on

the runways . ILS facilit ies require that the ground plane be

1000 feet wide and that no building be within 750 feet of the

runway centerline. The ground controller must keep aircraft on

the surface away f rom those locati ons in which the ir presenc e
distorts the radiated patterns.

The glide slope pattern in particular is affected by the

terrain surface , s ince the terrain acts as a ground plane that
affects the beam shape. Extensive grad ing work is frequently

necessary to prepare the terrain before an ILS system is installed.
Flooding caused by bad weather , for instance , may compromise the
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system by distorting the beam . Furthermore , there are locations

in which ILS can not be installed at all because of terrain
e f f e c t s , e.g . ,  over the ocean where the effective level of the
ground plane changes wi th the tide.

There are only 20 ILS fr equency channels av ai labl e, which
requires in some cases that the range of some systems be reduced
(to typ ically 18 miles) to avoid interference with other systems .

In other cases , the same channel must be used on opposite ends of

a given runway, adjacen t runways mus t share the same channel or
coordinated channel changes must be made at airports in congested

areas.

The region in which the lateral guidance signal is propor-
tional to the aircraft deviation from the course l ine is quite

narrow (some 2 1/2 degrees). The effect is that aircraft intersecting

the course line at reasonably large angles tend to overshoot it and
require some distance to achieve alignment with the course line.

Therefore , aircraft have to align themselves with runway approxi-
mately 6 miles or more from the thresho~d and approach the runway

along the same straight path. Thus the use of ILS is incompatible

w ith curved approaches and steep approaches by VSTOL a i rcraf t .
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APPENDIX A 1 TECHNICAL DETAILS OF CERTAIN TOWER EQUIPMENT

A .l PLAN POSITION INDICATOR (PPI)

The earlies t and simplest ATC processor/display systems pre-

sent to the controller a view of the surrounding airspace on a

Plan Pos iti on Ind ica tor (PPI) , a c i rcular CR1 wh ich i s swe pt by
the electron gun from its center to the edge. The origin of the

s trobes , corr esponding to the loca tion of the radar , is nom inally
at the cen ter of the scope , wh ile the distance from the center to

the edge of the scope correspo nds to the maxi mum useable range of
the radar. As the strobe rotates , in synchronism with the rota-

t ion of the antenna , a dot is painted for each primary radar
return at a distance proportional to the range of the target from

the radar. At the same time , the returns from the beacon , or

seconda ry , radar are displayed as slashes (who se rela tive w idth
corresponds to the 3 degree beam w idth of the secondary antenna
compared to 1-3/4 degree for the primary).

A .2 BRIGHT RADAR INDICATOR TOWER EQUIPMENT (BRITE)

A number of BRITE sy stems have been developed , starting with
the BRITE-l and continuing through the BRITE-2 and BRITE-4. In

addition , a system , called ASDE BRITE , was developed from the
BRITE-2 for use w ith ASDE ; this has since been improved to produce

the NU-BRITE system. The BRITE-l systems are obsolete and practi-

cally out-of-service. Since the differences between BRITE-2 and

BRITE-4 are slight , only the last-named will be described here ,

followed by descr iptions of the ASDE BRITE and NU-BRITE systems .

A . 2,l BRITE-4 - The BRITE-4 is an analog scan conversion system

consisting of a 5-inch diameter CR1 PPI with mechanically rotating

yoke , associated vacuum tube circuitry , a long- persistance vidicon

camera , and a 16-inch diameter CRT TV raster display . The vidicon

is optically coupled through a lens to the 5-inch PPI , prov iding
rho -theta to TV raster scan conversion . The bandwidth of the scan

conversion system is about 20 MHz.
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The display can be remoted by coax and multiwire cable up to

6,000 feet.

The PPI on which the bas ic presen tation is made is 5 inches 
4

in diame ter w ith a sweep rate correspond ing to that of the loc al
ASR site (approximately 15 RPM). it will operate on five discrete

ranges of 6, 10 , 20, 30, and 60 miles selectable from the remote
control head. Each range will display calibrated range marks :

2-mile marks on the 6- and 10-mile range , 5-m ile marks on the

20- and 30-mile ranges , and 10-mile marks on the 60-mile range .

The sweep can be de-centered by twice the selected range , excep t

that 60 miles is the sweep range limit.

In addition to range marks , the unit can be furnished w ith a
video mapper. This permits the drawing of a map of the airport

and pr imary air routes to the various runways to aid in tracking
targe ts and monitoring approaches . The mapper is a separa te unit
not described here .

The TV display is 18.5 inches wide by 18.5 inches high by 27

inches deep and weighs 100 pounds . The display uses 945 lines

with a video bandwidth of 30 Hz to 20 MHz. The TV tube is 16

inches in diameter and when mounted in the display exhibits 14-1/2

inches of useable diameter. It is covered with a laminated safety

pl ate and a neutral density filter bonded to the face plate.

Contrast and brightnes s controls are available on the display but
can also be remotely controlled. The display may be mounted

overhead (hung from the cab ceiling) or in the controller console.

The remo te cont rol head is des igned to be opera ted either on
a desk top or from a recess in a control console. The head is
shown in Figure 5.1-3. The unit measures 12.75 inches deep by

7.625 inches wide by 3.25 inches high and weighs 19 pounds . The

panel is illuminated (back light) for night use. The unit permits

the independent brightness control of the video map (if present)
the range marks , the beacon targe t re turn, and the pr imary targe t

return. In addit ion , overall br ightness and contrast can be

remo tely con trolled (ra ther than at the display) . Also controlled
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from this panel are range and decentering (East-West and North-

South).

A.2.2 ASDE BRITE - The ASDE-2 BRITE display measures 18.5 inches

wide by 18.5 inches high by 27 inches deep and weighs 100 pounds .

I t uses a 16-inch diameter Cathode Ray Tube (CR1) of which 14-1/2

inches is useable (i.e., shows when installed in the display) .

Ava ilable to the controller on the display are power on/off

switch , brightness , and contras t controls. Prov is ions are made
for mounting the display in a yoke and hanging it from the ceiling
(as at New York JFK and Boston Logan) or console mounting the dis-

play (as at Chicago O’Hare and San Francisco).

The controls for the ASDE-2 presentation are located in a

remote (from the display) control head . The control head measures
approx imately 13 inche s wide by 8 inches high by 3 inches deep and
weighs 20 pounds . Ava ilable to the controller is:

a. A discre te set of 5 range scales at 5 ,600 feet , 6,60~
fee t , 8,600 feet , 10 ,000 feet , and 18,000 feet (full

scale) .

b. East-West and North-South decentering with continuous

adjustment up to the range scale selected. For example ,

at the range scale of 5 ,600 feet , max imum decen ter to
the North is 5,600 feet.

C. An erase func tion so that when the display becomes
smeared by the vidicon storage acting on a range or off-

se t change , the vidicon can be sa turated by a small flood
light and come up wi thout any smear.

d. Br ightness and contrast which override the display

mounted controls for use if the display cannot be reached

conven iently.

There is a control head for each independent ASDE channel in

the cab. Two bright displays can be driven by each independent

channel.
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A .~~.3 NU - BRITE - Physically the NU-BRITE is similar in basic de-

sign to the ASDE BRITE system . Both are analog scan conversion

systems optically coupling a vidicon to a 5-inch diameter PPI ,

providing a raster scan output to a 16-inch diameter~ 14.5 inch Jusable) CR1 TV display (see Figure 5.2-8). The most significant

di ffe rence is the increased bandw idth in the PPI , v idicon and TV
from 20 MHz to 35 MHz , achieved by broadband ing the video ampli-

f ier pa th and imp rov ing coup l in g to the CR1 TV socke t . Sol id
state circuitry is used throughout , including the sweep rotation
p rev iously done by the mechan ica l ly  ro tating yoke in the ASDE
B R I T E .

Minimal loss of disp lay resolution is assured by match ing
each component performance. PPI spot size is less than 0.003

inch ; PPI resolution at 6000 feet is less than 30 feet in range

and 0.44 degrees azimuth . The f/l.8 vidicon camera lens is used at

reduced aperture to maintain depth of field. Optical resolution

capabil ity exceeds overall system resolution . Vidicon minimum

resolution is 700 TV lines , and the useable lines on the TV disp lay
are 793 (1225 x .93 active vertical scan line x .7 Kell factor).

View ing in high ambien t light levels (1000 foot-candles) is made

poss ible by use of a spec tral band pass f ilterface plate bonded to
the TV CRT which attenuates ambient light by 95 percen t. Old dis-

p lay data is erased when range scale or offse t is changed by a
controlled light source at the vidicon surface. Disp lay recovery
time following erase is four seconds .

Display persistence (hence target trails) remains a function of

the v idicon decay ch arac teris tics. Improved resol ution is o f fe red
by the increased horizontal line count (1225 compared to 945) and

by the greater horizontal write speed made possible by the band-

width increase. Field measurements indicate that system resolu-

tion through  the d isplay , including operator activity , is improved
by 2 to 1 over the ASDE BRITE.

Rel iability and adjustment ease are improved by the use of

sol id  sta te elec tron ics , the elimination of the mechanically
‘itating yoke , and the replacemen t of the alternator/ca m sys tem by

1- b it optical encoder for azimuth data generation .

A-4



~
-

~
-

The NU-BRITE control head has similar size (12.75 inches wide

by 7.62 inches high by 3.25 inches deep) and weight charac teris t ics as
the ASDE BRITE con trol head. It too prov ides br ightness , contrast ,

and an erase func t ion , but it differs in its range and offset con-

trols. Range selec tion is continuous , rather than discre te , and
m inimum range is 3000 feet. This will permit optimum range selec-

ti on to include only  area s of in teres t on the d isp lay thereby
obtaining the best target size and resolution . The minimum range

w ill permi t ground control ( where he has his own display) to se t

up on the taxiway hub to improve target detection . Offset is

con tinuous ( as wi th the ASDE B RITE) but is independent of the
range selected. Maxinum offset is 9000 feet on any range selec-

ted. Independen t range and offset is important to make use of the

m inim um range selec t ion espec ia l l y  at remo tely loca ted ASDE
antenna installations .

A .3 BRITE ALPHANUMERIC EQU IPMENT

The purposes of the BRITE a lphanumer ic equipment are (1) to
accep t BRITE TV v ideo , ( 2 )  to interface w ith ARTS III to receive
a lphanu mer ic da ta for  the appropr ia te targe ts , ( 3) to transmit
required informa tion to ARTS III for forma tting the data , (4) to
conver t the alphanumer ic da ta to TV v ideo fo rmat , ( 3) to mix the
alphanumer ic TV v ideo and BRITE TV v ideo , and (6) to transmit the
mixed v ideo to the BRITE display. The equipment is composed of
an ARTS III interfa ce , a 5- inch diameter CR1 for alphanumeric dis-

play , a TV came ra w ith a low memory commer ical vidicon synchronized
w ith the BRITE c amera fo r conversion to TV video , a video mixer ,
and several data entry devices.

The da ta entry devices are an alphanumeric display control

panel wi th the BRITE remote control head , a keyboard , and a posi-

ti on entry module (PEM)

The common BRITE and A/N control panel measures 12.25 inches

wide by anproximatelv 14 inches deep by 3.25 inches high and is

back l ighted for night use. A photo is shown in Figure 5.1-6.

The unit has 5 toggle sw it ches to permi t selec tion of alphanumeric
data from any of S presentations (i.e., take a “quick-look” at
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another controller ’s targe t data) . This would include a presen-

tation displaying data blocks on all beacon equipped targets.

The unit has 6 field inhibit toggle switches permitting the con-

troller to blank any or all fields within the data block (e.g.,

blank all fields such as ground speed leav ing only fligh t iden-

tity) . Also included is an alphanumeric video gain potentiometor

an eigh t-position rotary switch for selecting the length of the

leader to the data block and a three position rotary switch for

selecting the size of the alphanumeric to be displayed. The size

selected at most major airports is approximately 0.25 inches in

height .

The keyboard assembly is an array of keyboard sw itches
mounted in a console measur ing approx imately 8 inches wide by 8
inches deep by 2.5 inches high in the front , 3.5 inches hi gh in
the back. In using the keyboard the controller can enter numerals

0 through 9, the 26 capital letters of the alphabet (set in alpha-

betical order) and five special symbols. In addition , several
function keys are provided ( e.g., to drop a track/da ta block , to

initiate or accep t handoff , to display track file in preview area ,
to reloca te the prev iew area , etc.)

The PEM is a small unit measuring approximately 2 inches wide

by 3 inches deep by 2.5 inches high and is attached to the key-

board . The unit contains a small joy stick and an enter button .

The joy s t ick is used to slew a cur sor to a po int on the display
(e.g., for loca ting the p rev iew a rea , for locating targets for

which infor mat ion is reques ted or entered) . Its use is s imilar
to the track ball in the ARTS III TRACON consoles.

A.4 ASDE - 2

The ASDE-2 is a high-resolution , conventional fixed-frequency

radar using vacuum tube technology (1950’ s) wh ich opera tes at 24
GHz and whose antenna rotates at 60 rpm. Table A-l is a tabula-

tion of ASDE-2 characteristics.

The major subsys tems are:
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TABLE A-l. ASDE-2 CHARACTERISTICS

-‘ Componen t Genera l Charac teris ti c

Transmitter

Frequency 2 3,800 to 24,2 70 MHz ( 1 . 2 5  cm band)
Pulse width 20 nanoseconds
PRF 14.4 kHz
Peak Power 36 to 50 kW

Rece iver

Noise Figure 19 dB ( max imum)
Bandwidth IF 100 MHz; V ideo 50 MHz
Fea tures AFC local osc. , SIC , FTC

An tenna/Pedes tal

Ref l ec tor Size 12 by 4 fee t
Gain 45 dB

Hor izontal Beamwidth 0.25 degree at 3 dB point

Vertical Beamwidth 10 to 3 dB points. cosecant squared
_ l 0  to -5° , l inear

Til t From -5° to -20° . Tilt + 3°

Polarization Linear or circular

Scan 60 rpm

Rado me Spherical  1) I n f l a table , 2) Geode s ic
Space Frame (Logan , O’Hare)
3) Foam ( Andrews)

Rooftop Equipment Weight Approx. 2500 pounds

Display System Analog Scan Converter (ASDE BRITE)

TV 945 line , 16-in. dia., 14.5 -in. usable

viewing surface diameter

PPI 5- in, mechanical yoke
V idicon Opt ically coupled to PPI , 945 line
Sys tem Bandw idth 20 MHz
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a. Tran smitter/Receiver - The dual-channel design provides

redundancy. The transmitter consists of a 24 (1H z magnetron out-

putting a 20-nanosecond pulse of 50 kilowatts peak power maximum .

The rec ei ver is a s ingle co~-tvers ion balanced mixer design

with an intermediate frequency bandwidth of 100 MHz. Sensitivity

Time Control ( STC) is used to provide a target of constant re-
ce ived s igna l s t rength regardless of range. A fas t time cons tant
(FTC) , or differentiator , is available to improve display resolu-

tion of a small target following a large target in range . Lacking

the sophistication of either constant false alarm adaptive thres-

holding or adaptive gain control , the ASDE-2 cannot quarantee a

clutter-free display under all precipitation conditions.

b. Antenna/R.ac~ome 
- The antenna is a horn - fed parabol ic

reflector with penc il beam a z imuth and co secant squared eleva tion
patterns. The feed includes a polarizer that is manually posi-

tioned to produce linear or circular polarization .

In the original design , the antenna/pedestal assembly was

protected from the weather by a spherical air-inflatable radome

made of rubberized fabric. Geodesic space frame radomes were

ins talled subsequently at O’Hare , Logan , and Andrews to prov ide
improved rain shedding characteristics and prolonged exterior

coating life .

c. Display - The scan-converted display system has already

been described (See A.2.2) .

There are va rious aspec ts of sys tem performance:

1. Resolution - The specified radar resolution capability

of the ASDE-2 based on the transmitted pulse width and the azimuth

beam width is 20 feet in range and 27 feet in azimuth at 4,000

foot range. Field measurements made of eight installed systems

indicate that resolution through the PPI , which include s the

opera tor ’s determination of target separation , is less precise by .

a fac tor of nea rly two. Scan conve rs ion resul ts in a fur ther
degrada tion of resolution; by 2 to 1 midrange , and by 3 to 1 at
max imum range.

_________ - 
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The loss in resolu ti on through scan conver s ion i s primar i ly
due to the 20 MHz bandwidth of each component (vidicon , TV . etc .) ,
which limits the amount of information obtainable from the 50 MHz

bandwidth ( 35 MHz minimum ) video distribution circuitry of the

ASDE .

The imaging quality of the radar is a function of resolution ,

pulse repetition frequency , scan rate , detec tion performance ,

pu lse , and azimuth precisions. The azimuth angular movement per

pulse repetition period (PRP = 69 psec) for the 60 rpm scan rate

is 0.025° corresponding to about 3 feet at a range of one mile.

Timing uncertainties , which relate to range uncertainty , are on
the order of 7 feet . Thus , the edge definition of physical tar-

gets is considerably better than that indicated by the size of

the resolution cell alone , prov iding the disp lay of a discernable
target shape to the controller.

The loss in display quality through the video scan conversion

affects the target definition discussed earlier. In addition , the

analog scan converter does not have provision for operator-adjust-

able target trails , depend ing upon the vidicon decay characteris-

tics. Target update , dictated by scan rate , is once per second .

2. Weather Penetration - The ASDE-2 is capable of displaying

small targets out to a 3-nautical-mile range in clear weather.

However , in precipitation , coverage is severely restricted due
to seve ral effec ts:

a. RF path attentuation by precipitation is high at 24

GHz produc ing “blackout”, i.e., loss of valid targets.

h. RF backsca tter radiation from precipitation particles is

high at 24 (1Hz , causing displayed clutter , or “whiteout .”

c. Radome rain sheeting and water absorption increases

attenuation loss and echo box effects.

An indica tion of the expec ted ASDE performance in heavy rainfall
is seen in curve A ( CSC 2 shap ing) of Figure A-l. Line B repre-

sents the minimum signal- to-noise ratio acceptable for 90 percent

detec t ion probability for a small targe t . Under the conditi ons
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shown the radar display would “whiteout ” ( i .e.,  display clutter)

within about 1-1/4 nautical miles , and “blackout” beyond 2-3/4

miles. Antenna circular polarization backscatter cancellation is

only partially effective in preci p itation clutter reduction

because of smooth ground surface reflection effects unique to

the ASDE environment. Because no adaptive display thresholding

system is used , precipitation clutter may be displayed even before

total “whiteout” conditions occur.

A.5 THE LOS ANGELES GROUND SURVEILLANCE RADAR

The Los Angeles radar was built by Texas Instruments , Inc.

based upon a helicopter ground mapping radar and was installed in

1973. Its antenna is covered by a plastic shell that is shaped

like a short helicopter blade with an oval cross section , 14 feet

long by 6 inches high by 20 inches deep. The antenna needs no

radome ( it is the oval antenna shell itself) and the entire assem-

bly weighs less than 500 pounds . To offset the adverse effect

on rainfall penetration of the wide vertical antenna aperture (due

to the short hei ght), the operating frequency has been set at 14

GHz (versus 24 GHz for ASDE-2). While a narrowe r vertical aper-

ture could have further improved rainfall penetration , the result-

ing antenna would not have satisfied the light weight requirement .

Since bad visibility at Los Angeles is primarily due to fog and

haze ( and not heavy rainfall) , this compromise works out quite
well at this site.

The radar is furnished with two independent PPI displays and

associated control heads. Each display is approximately 19 inches

wide by 19 inches high by 29 inches deep . The display is a direct

view PPI equipped with a bright-phosphor tube and the appropriate

filters to maximize the brightness. The antenna rotation rate
and , therefore , the display refresh rate , are much higher than
that for ASDE-2 (i.e., 150 RPM versus 60 RPM). Without TV video

scan convers ion, the targets have no appreciable trails. However ,

targe t de tec tion is enhanced by the flash ing effec t imposed by
the high update ra te , particularly for the small hard-to-detect

targets.
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The c o n t r o l  head is a p p r o x i m a t e l y  9 inches wide by 7 inches

high by 5 inches deep . Range adjustment is c o n t i n u o u s ly  variable

from 4500 feet to 24 ,000 feet. Offset is dependent on the range

selected (as with ASITh-2) and is continuously variable up to one

radius.

A. 6 D I S P L A Y  I~N } IAN C EM ENT U N I T  ( D E U )

The DEU appears  in the  video cha in , select ive ly  g a t i n g  dis-
play video to allow the  d i s p l a y  of c r i t i c a l  area video ( r u n w a y ,
taxiway) while either suppressing or display ing a reduced inten-

sity background video. A stored map of desired airport features

to be displayed or suppressed is used in conjunction with azimuth

position data (ACP and ARP) and radar pretrigger to properly time

the gating commands . The intensity of critical area , background

(non-critic al area) and synthetic boundary line video can be

independentl y controlled from 0 to 100 percent.

Critical requirements on the DEU desi gn are resolution ,

registration , and stability. Resolution is the expression of the

smallest area that can be suppressed or displayed. Registration

is the degree to which the boundary gating coincides with video

from the actual critical airport area. Stability is the maintain-

ing of these two performance characteristics over a period of

time .

The experimental DEli , built by Texas Instruments , I nc . ,  uses
a flying spot scanner analog technique (Figure A-2). A negative

of the airport surface which is opaque in the background areas is

overlayed on a PPI CRT face. That PPI is synchronized with the

PPI of the analog scan converter BRITE display . A photo-multiplier

detects light output whenever the sweep passes through a transparent

area of the map. The photo-muliplier output is used to generate

the video gating signal to provide the display enhancement function.

Boundary lines or map lines are generated by differentiating

the transition signals between light and dark areas of the nap

overlay . Proportional control of gated video provides independent

intensities in back ground and critical area video. Gating is
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accompl ished prior to range scal ing and of fse t , thus not affecting

normal display operation.

There are several problems with the above analog t chnique .

Prope r reg istration of the synthetic map with the radar display
depends on the initial alignment and the stability of the display.

The initial map preparation is a complicated proces s , and map
modification may require generating a new map. Synchronization

of az imuth angle and sweep trace timing be tween the display PPI
and DEli PPI must be accura tely ma inta ined. Con tro l of boundary
line width is limited.

The production version of the DEU will utilize a digital

technique , thus overcoming the problems with the analog unit by

offe ring ease of map modif ica tion , greater stability , be tter l i ne
definition , and improved registration. A block diagram of a

possible design approach is shown in Figure A-3.

The syn th etic a irpor t map is stored in a compu ter memory wh ich
is addressed as a function of the antenna pointing angle. Video

gating is accomplished by a comparison of the map-generated start/

stop values with the current sweep range value . The process con-

tinues for each sweep as the antenna pointing angle is incremented.

Map lines are generated by the start/stop pulses , wh ich enable  a
fixed pulse to be put on the video line at the start/stop time .

The gated disp lay v ideo is mixed with the syn the tic map v ideo and
is input to the video scan converter PPI.

The digital technique produces an inherently stable output
since an invariable relationship exists between the digital syn-

thetic map memory location and the antenna beam position which is

actually involved in imaging the airport surface .
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