0wy (@

REPORT NO.

REFERENCE- USE ONLY

SYSTEMS INTEGRATION ANALYSIS FOR
FUTURE TOWER CAB CONFIGURATIONS/SYSTEMS

U.S. DEPARTMENT OF TRANSPORTATION
RESEARCH AND SPECIAL PROARAMS ADMINISTRATION
Transportation Systems Center
Cambridge MA 02142

JUNE 1978

INTERIM REPORT

DOCUMENT 1S AVAILABLE TO THE U.S. PUBLIC
THRAOUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMIMISTRATION
Office of Systems Engineering Management
Washington DC 20590

.y
3
'

: i
;i§2§p33¥§91§ggsug
¢19puUNT O9STINOT

T1¢8

1931Us) su



NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest

of information exchange. The United States Govern-.

ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.

Rt WY

845



1
N

(-

a

*y

Technical Report Documentation Page

1. Report No. 2. Gavernment Accession Neo. 3. Recipient's Cotalog No.
FAA-EM-78-10
4. Title and Subntle 5. R..po.rl Dote

June 1978

SYSTEMS INTEGRATION ANALYSIS FOR FUTURE TOWER CAB
CONF IGURATICNS/SYSTEMS

7. Author’s? V,J. Hobbs, D .F. Clap P. Rem fer, L.E.
Steyenson . Devoe, Bellantoni,
J. Kuhn, J. R Coonan

6. Performing Organizotion Code

| 8. Performing Organization Report Na.

DOT-TSC-FAA-78-6

9. Perorming Orgonization Nome ond Address
U.S. Department of Transportation

Research and Special Programs Administration
Transportation Systems Center
Cambridge MA 02142

10. Work Unit No. {TRAIS)
FAB441/R8119

11. Contract or Gront No.

12. Sponsoring Agency Name ond Address
U.S. Department of Transportation

Federal Aviation Administration
Office of Systems Engineering Management
Washington DC 20591

13. Type of Report ond Period Covered

Interim Report
July-October 1977

14, Sponsoring Agency Code

15. Supplementary Notes

16. Abstrac

This report presents the results of the analysis of various aspects of the

integration of future ATC systems into the tower cab.

The impact on the tower

cab environment is analyzed from several points of view: how the systems
information and displays might be used to approach idealized controller

station configurations; how the cab equipment and displays resulting from these
systems might be fitted into existing controller station configurations; how
those systems—-some not yet fully defined--might evolve and interact with the
present and future systems; how the data-processing functions and equipment might
be integrated; and how, or if, economies might be achieved through common siting

of certain system sensors.

The report is a continuation of Report Nos. FAA-EM-77-10/(DOT-TSC-FAA-77-19)
entitled '"Characterization of Current Tower Cab Environments," dated November 1977
(210 pages), and Report Nos. FAA-EM-77-16/(DOT-TSC-FAA-78-2) entitled "Tower-Related
Major System Development Programs,'" dated March 1978 (288 pages).

17. Koy Words 18. Distribution Statement
Tower Cab, Major Systems Development
Programs, TIPS, TAGS, ASDE-3, Wind Shear, DOCUMENT|3AVA“ABLETOTHEéﬁiPUBUC
i THROUGH THE NATIONAL TECHNI
Wake‘Vortex, Ideallzed Controller INFORMATION SERVICE, SPRINGFIELD,
Stations VIRGINIA 22161
19. Socurity Classif. (of this report) 20. Security Classil. (of this page) 2). No. of Pages | 22, Price
Unclassified Unclasgsified 314 J

Form DOT F 1700.7 (@-72) Reoproduction of completed poge authorized




()

(™=

bd

PREFACE

This report was prepared under Project Plan Agreement FA-744,
'"Major Systems Development Programs Integration Analysis,"
sponsored by the Federal Aviation Administration, Office of Systems
Engineering Management. It documents the third phase of a three-
phase effort to study the impact on the tower cab environment of
introducing Major System Development Program (MSDP) elements into
the CONUS ATC system.

The authors wish to acknowledge the cooperation of the many
FAA personnel who contributed time and energy reviewing the
material presented herein.
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FOREWORD

This is the third and last report in a series of three reports
on the subject of tower-related systems integration analysis. It
constitutes sections twelve (12) through eighteen (18) of the
complete report and documents the systems integration analysis for
which the first two interim reports formed the foundation.

The first interim report, '"Characterization of Current Tower
Cab Envdronments.'" contains sections 1 through 5 of the overall
report and discusses the tower cab as it is today, covering such
topics as allocation of functions and equipment to tower positions,
airspace surveillance data in the tower, surface surveillance,
flight data handling, air/ground communications, data processing
and display systems, weather-related systems,' and landing systems.

The second interim report, '"Tower-Related Major System Develop-
ment Programs,'"* contains seéctions 6 through 11 of the-overall
report and addresses those Major System Development Programs (MSDPs)
which may have an impact on the current tower cab environment,
existing systems, and/or operations. Included are Discrete Address
Beacon System (DABS), Airport Surface Detection Equipment-3
(ASDE-3), Tower Airport Ground Surveillance System (TAGS), Ter-
minal Information Processing System (TIPS), ARTS II and ARTS III
Enhancements, Flight Service Station (FSS) Automation, Vortex Ad-
visory System (VAS), Wake Vortex Advisory System (WVAS), Wind Shear
Detection System (WSDS), and the Microwave Landing System (MLS).
Each System is described in terms of its functional objectives,

planned equipment, interfaces with other systems and with controllers,

failure modes, and current development/deployment status.

In this (the third) report, the impact of the tower-related
MSDPs on the tower cab environment is analyzed from several points
of view: how the systems information and displays might be used to

*Systems formerly termed "UG3RD Systems' or "UG3RD Generation Systems'

are now and henceforth referred to as '"Major System Development
Programs (MSDPs)."
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approach idealized controller station configurations; how the cab
equipment and displays resulting from these systems might be "fitted"
into existing controller pdsition configurations, with minimum '“}
change in design and minimum integration; how those systems which
are, as yet, incompletely defined might evolve and affect the tower-
cab environment; how the data-processing functions and equipment

of the systems might be better integrated; and how, or if, econo-
mies might be achieved through common siting of sensors for the

ASTC/TAGS and VAS systems.
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12, FOUNDATION FOR THE TOWER CAB INTEGRATION ANALYSIS

12.1 OBJECTIVES

The tower-cab integration analysis was undertaken for the
purpose of identifying issues or problems associated with the
introduction of new major systems into the existing ATC system's
tower-cab environment, and, where feasible, to postulate solutions
or identify areas for further investigation by the FAA. The study
presented in this report, therefore, examines "first-level'" issues.
The conclusions drawn or solutions proposed are preliminary in
nature, and are intended to be the foundation for more detailed
studies or experimentation to verify feasibility and/or identify
lower-level problems.

12.2 APPROACH

The integration analysis project was carried out over a nine-
month period, January through September 1977. It was divided into
three phases of approximately three months each. Fully two-thirds
of the effort was devoted to examination, characterization, and
documentation of first, the existing tower cab environment; and
then, the various new major systems which could impact upon it.l’2
This left a rather limited amount of time for the task of inte-
grating the information and performing the requisite analysis. It
was necessary, therefore, to structure the analysis into a set of
parallel independent studies to examine the integration problem
from several points of view. Vhile the results of each of the
independent study efforts was exposed to an exchange review and
critique, there was no opportunity to perform a second iteration
through each study to resolve points of contention. Thus, this
report presents the results of the independent studies, each
followed by comments generated during the exchange review.

12.3 MOTIVATION AND ORGANIZATION

Several important factors presented themselves during the
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first two phases of this integration analysis which influenced
the manner in which the third phase was structured.

a. Each tower cab is essentially unique in layout, use of
space, and the variations employed in combining controller posi- s
tions, making generalizations and standardization extremely
difficult. 5

b. The autonomous design and development process of each
new system cannot adequately address optimum presentation of total
cab information and overall workload of the controller from a
human factors point of view.

¢. The introduction of several large pieces of new equip-
ment into '"busy" tower cabs is likely to create problems in terms
of space and operations without rearrangement of work stations
and/or integration of some equipment.

d. Several of the proposed new major systems (TIPS, TAGS,
ASDE, and ARTS-BRITE) will result in relatively large tower-cab
displays.

e. Several of the new major systems which were considered
have only a minor link with the tower cab (e.g., M§S); the design

(]

of several other systems have not been sufficiently defined, at
the time of this study, to assess their impact on the tower cab

14

from an operational, equipment-space, or human factors points of
view with a high degree of certainty (WVAS, WSD, and DABS data
1link). .

f. Several of the new tower-related major systems indepen-
dently involve the use of sensors at the airport site.

g. Many of the new major systems involve new computer
systems or requirements for computer system's resources or inter-
faces.

h. Many of the new major systems under consideration will
not be deployed in the field until the mid-1980s or later, thus
minimizing the issue to time-phasing between 1978 and 1985.

A set of autonomous study activities was formulated to
address these points. The results are presented as separate
sections in this report as follows:
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Points 1 and 2, generalization of the tower-cab environment
and the integration of total cab information, are considered in
the Human Factors study: Idealized Controller Station Configura-
tions, Section 13.

Points 1, 3, and 4, the uniqueness of tower cabs, and the
expected introduction of large displays into the cab from several
new major systems, are considered in the Operational analysis:
Tower-Cab Configurations Studies-Equipment Integration, Section
14,

Point 5, the possible impact of new major systems for which
design concepts and/or design details are not yet firm, is con-
sidered in Section 15: Integration Analysis of Advanced Systems.

Point 6, integration of several systems utilizing sensors
deployed over the airport surface, is discussed in Section 16:
Sensor Integration,

Point 7, computer system requirements, is addressed in
Section 17: General Tower-Related Data Processing.

As a result of point 8, 1985 to 1990 deployment of most
systems, the time-phasing of system installation between 1978 and
the late 1980s was not considered as a vital issue.

Section 18 summarizes and integrates the major findings of
Sections 13 through 17.

12.4 SCOPE OF THE STUDIES

This section gives a brief introduction to the separate
integration studies which were carried out in parallel, and
indicates the approach and scope of each.

In Section 13, idealized control tower-cab positions are
derived, based solely on the controllers' information requirements,
unconstrained by physical considerations related to existing equip-
ment designs and interfaces. - For each position, the information
provided by current systems and by proposed Major System Develop-
ment Programs (MSDPs) is assumed to be available, and voice -

12-3



communication by radio is assumed as the output mode. Then, the

functions to be performed by the controller (see Section 4 of the

second reportz) are used to evaluate the needs for information,

and from these needs, an idealized systemof displaying the infor- -
mation is proposed with the objective of minimum display surfaces

and control panels required at the position. These idealized s
configurations are then discussed briefly in terms of how they

might be approximated with planned MSDP devices.

Section 14 addresses the impact on the tower-cab operational
environment of the introduction of Display, Data entry, and
Control (DDC) equipment associated with elements of the Major
System Development Programs. The space required for large
devices and the effectiveness of these devices as substitutes for
existing devices or manual procedures was of particular concern.
The objective was to examine methods of introducing the DDC units
and integrating them into the operational environment with a
minimum amount of re-design. Integration for cost reduction was
not considered. Only large DDC units were considered in this
analysis, since it was felt that they would have the principal
impact on the cab. Display/control devices associated with such
equipment as VAS, WVAS, and wind shear systems were not included =
due to their comparatively small size.

The questions addressed were: If the current cab equipment
and controller station layout were to be maintained, and the large
DDC units for such systems as TIPS, TAGS, and ASDE-3 were added
to the cab,

a. what would be the impact on the controller duties and
cab operation?

b. - does the result seem acceptable or is station and equip-
ment integration required to provide acceptable performance? and

c. if station and equipment integration is required, how
should it be accomplished to provide optimum controller performance?

To arrive at a determination of which systems and equipment
could have a '"major' impact on tower-cab space and operations, the
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following procedure was carried out:

The MSDP system equipments related to the tower cab were
categorized. The first two categories consist of

1) well defined equipments which can have a major impact on
the tower cab (major cab equipments), and

2) equipments whose interfaces with the cab are considered to
be minor or not yet well defined (minor cab equipments).

The major cab equipments were then treated in greater detail
throughout the analysis. The major cab equipments are depicted in
Figure 12.4-1. The ASTC equipments (TAGS and ASDE-3) and the wind
shear system are exclusively cab-related. Each system has sensors
located on the airport surface, equipment located in the cab-equip-
ment room, and/or processing, and Display, Data entry, and Control
(DDC) units located only in the cab. The remaining systems, TIPS,
ARTS, and VAS, are terminal area/approach control systems but have
significant impact on the cab. TIPS will provide a Tower Display
Subsystem (TDS) with a processor located in the cab-equipment room
and DDC units in the cab. ARTS will provide the BRITE Alphanumeric
equipment to the cab for VFR advisories, limited IFR control, or,
in the case of a TRACAB, full radar-approach control service. VAS
will have sensors on the airport surface, processors, and equipment
in the cab-related equipment room and DDC units in the cab. However,
it will also provide DDC units to the TRACON where Approach Control
will be the primary user. For that reason, it was considered a
terminal-area system but with strong cab impact.

The minor cab-related systems are also shown in Table 12.4-1.
In this table, possible cab interfaces are hypothesized along with
the means for providing the interface. These interfaces are
hypothesized along with the means for providing the interface.
These interfaces are, as yet, not well defined by the respective
programs, and so, were not treated in detail in this analysis.

In considering integration issues relative to cab operations,
a further screening of major cab-related equipments was performed.

12
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TABLE 12.4-1. POTENTIAL CAB INTERFACES - NOT YET WELL DEFINED

J:LEMENT FROM CAB TO CAB PROBABLE MEANS
M§S SPACING REQUESTS REQUEST CONFIRMATION ARTS A/N BRITE
DABS FLIGHT DATA AND §;5A§§22§P¥EQUESTS TIPS
DATA LINK TRANSMISSION COMMANDS CONE T RMET TON
TAKE OFF (CRITICAL)
CLEARANCE TRANS- CLEARANCE RECEIPT TIPS
MISSION COMMANDS CONFIRMATION
(POOR VISIBILITY
- IER APPLICATION)
CURVED APPROACH )
PATH SCLECTED ARTS/A-N BRITE
WVAS SPACING REQUIREMENT ARTS/A-N BRITE
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As seen from Figure 12.4-1, only TIPS, the ASTC equipments
(TAGS and ASDE-3), and BRITE equipment will require large displays
(probably CRT &isplays) at active control positions. The BRITE,
ASDE-3, and TAGS displays are all approximately 19 by 19 by 27
inches deep. All three require control panels, and the BRITE A/N
equipment and TAGS require keyboards. The TIPS display with
quick-action data entry is approximately 12 by 18 by 14 inches
deep. On the other hand, the VAS and wind shear systems are more
modest in size. The VAS unit is approximately 3 by 7 by 6 inches
deep, and the wind shear (LLWSAS) unit is approximately 8 by 8
inches high. Due to their large size, the TIPS, TAGS, ASDE-3, and
BRITE Display, Data entry, and Control (DDC) units were termed
major cab DDC units. It was felt that these DDC units would have
a dominant effect on cab operations while the VAS and wind shear
unit might simply be added to the appropriate stations.

Because each tower cab is unique in its layout, operations,
use of space, and the variations employed in combining controller
positions, it is not practical to postulate a "representative"
tower cab and to draw generally applicable conclusions with regard
to operational impact. For this reason, a case-study approach was
chosen for this particular portion of the integration analysis.
The problem that remained was one of how to classify tower cabs
so that integration issues might be examined as a function of
class. Facility level, operations rates, and cab size were
suggested as classification parameters. However, installation of
new equipment is the integration issue, and it became clear that
the previously suggested classifications bore no correlation to
the types of new systems and equipment which would be installed
at a particular airport. Therefore, the mechanism chosen to
classify tower cabs into representative groups for case study was
the new system/equipment deployment plans.

Table 12.4.2 summarizes the deployment plans for the major
cab-related equipment. It can be seen that airports which will
be most affected in that they receive all major DDCs (ASTC, BRITE,
and TIPS) are listed as the first 27 airports. Note that these
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TABLE 12.4-2.

MAJOR CAB EQUIPMENT DEPLOYMENTS

CY 1975%
ITINERANT
AIRPORT IDENTITY FACILITY CAB AREA OPERATIONS (1) WIND
NAME & LOCATION LEVEL FT2 (THOUSANDS) BRITE TIPS TAGS ASDE-3 VAS SHEAR CLASSTIFICATION
ORD Chicago O'Hare*#® v 400 690 B X X X X BRITE
ATL Atlanta, Intl. A 471 B X X X X CLASS A TIPS
LAX Los Angeles Intl.** v 480 454 B X X X X (4 AIRPORTS) TAGS
JFK  J.F. Kennedy Intl. v 341 B X X X X
DEN Denver Stapleton v 360 372 B X X X X
DFW Dallas/Ft. Worth v 620 345 B X X X
LGA LaGuardia v 331 B X X X X
SFD  San Francisco v 260 330 T X X X X
STL St. Louis Intl.** v 400 322 B X X X
MIA Miami Intl. \ 315 B X X X X
DCA Washington, D.C. v 330 309 B X X
PHL Philadelphia Intl. v 230 307 B X X X
BOS  Boston Logan** v 420 284 B X X X X
PIT Pittsburgh Gt. v 290 284 B X X X CLASS B BRITE
HNL Honolulu Iv 270 A X X (23 AIRPORTS) TIPS
DTW  Detroit Metro. v 330 244 B X X X ASDE-3
MSP Minneapolis/St. Paul v 380 224 B X X X
BAL Baltimore/Wash. v 230 208 B X X
CLE Cleveland Hop. v 205 B X X X
EWR  Newark III 193 B X X X
TPA  Tampa Intl. v 184 B X X X
IAH Houston Inter. v 179 B X X X
MCI  Kansas City Intl. III 400 168 B X X X
MDW  Midway Chicago 11 163 B X X
SEA Seattle/Tacoma 111 580 162 B X X X
SAN  San Diego Lind. 11 154 T X X
MSY New Orleans II1 141 B X X X
PHX Phoenix Sky I11 335 B X
SNA  Santa Ana I11 306 T X
LGB  Long Beach II1 291 B X
LAS Las Vegas v 243 B X X CLASS C BRITE
BED Bedford*¥* 11 130 T X (48 AIRPORTS) TIPS
* . -
400 full time airport traffic conmtrol towers in CY 1975 B - BRITE display on direct feed from ASR
(1) T - Television Microwave Link remoted BRITE

%
Selected for detailed analysis (Section 14).

A - ASR, probably has BRITE but not verified
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TABLE 12.4-2. CONCLUDED
CY 1975%
ITINERANT
AIRPORT IDENTITY FACILITY |CAB AREA OPERATIONS (1) WIND
NAME & LOCATION LEVEL FT2 (THOUSANDS) | BRITE TIPS TAGS ASDE-3 VAS SHEAR CLASSIFICATION

PTK  Pontiac II 113 X
SEE  San Diego Gillespi 11 115 X
LVK Livermore Muni II 76 X

CLASS D
RNT

Renton I 53 X (14 AIRPORTS) TIPS
MEM  Memphis v 279 B X X
IND Indianapolis III 187 B X X
MKE  Milwaukee III 175 B X _
PDX Portland Intl. I1I 153 B X C%?SiliPORTS) g§¥¥E3
IAD Washington Dulles I11 140 B X
BUF Buffalo Intl. II1 131 B X
CVG  Cinncinnati Gr. I11 125 B X
sJu San Juan 111 203 A
SLC  Salt Lake City I11 194 B
BNA Nashville Metro. II1 186 B CLASS F
PWM  Portland ME** 11 68 B (78 AIRPORTS) BRITE
CCR  Concord 11 lgz
VRB Vero Beach i1 CLASS G
EQUIP.

EMT El Monte 11 92 (240 AIRPORTS) NO EQ

®

**Selected for detailed analysis (Section 14).

400 full time airport traffic control towers in CY 1975

B - BRITE display on direct feed from ASR
(1) T - Television Microwave Link remoted BRITE

A - ASR, probably has BRITE but not verified




airports span four facility levels, cab areas from 230 to 620
square feet, and operations levels from 141,000 to 690,000 per year.

The equipment-oriented tower-cab classification scheme is
shown in the right-hand column of the table. For the case studies,
two airports were selected from Class A, Chicago-0'Hare and Los
Angeles; two airports were selected from Class B, Boston-Logan
and St. Louis; one airport was selected from Class C, Bedford; and
Portland ME was selected from Class E to represent an ARTS II
facility and a TRACAB. In this manner, all classes with two or
more major DDC units were included, and the study spans large and
medium ARTS III facilities, an ARTS II facilities, and all major
DDC systems.

In Section 15, system-level integration issues are explored
for tower-related systems that are presently in the early stages
of design or development such as WVAS, Advanced Metering and
Spacing, and WSDS. The purpose is identification of incompatibil-
ities, duplications, gaps in information flow, and other system-
level problems. Because of the advanced nature of these systems,
however, the detailed design data needed for such an analysis are
largely unavailable. Hence, it was found necessary to make general
assumptions about the deployment, functional characteristics, and
intent of many of these elements. To simplify the analysis,
attention is restricted to a single tower configuration containing
all the above elements. Because of the limited deployment planned
for systems like Advanced Metering and Spacing, such a configuration
probably will be found in only a few large towers, which have ARTS
ITIA installations at the associated TRACON, and that none of them
are TRACABs, The existence of a BRITE display in the cab is

assumed.

The analysis carried out in this section assumes that the
idealized controller station configurations of Section 13 are not
realized. The method of analysis is to detail the interfaces among
the MSDP elements under consideration and the tower personnel, and
then, to compare their information content.

12-12
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Section 16 investigates the potential benefits of integrating
the TAGS and VAS system Sensors. The deployment of ASTC Surveil-
lance and Vortex Advisory Systems (VAS) at the major airports adds
two more systems to the airport surface already congested with
terminal surveillance, communications, meteorological, lighting,
ILS, and other systems. Because the siting ciiteria for both the
multilateration TAGS sensors and the VAS ground wind-sensing towers
favor locations at the ‘airport periphery (VAS near runway thresh-
olds and TAGS to the outside of runways), at first glance, a
collocation seems worth exploration. Possible benefits from such
a collocation are a reduced number of new towers obstructing
navigable airspace and installation cost savings. The first
benefit is probably unquantifiable, but is motivated by Federal
Aviation Regulation part 77.25. Installation cost savings are in
the form of common cable Tums, common access roads, and common
site construction (grading, surveying, concrete foundations, etc.).
Because cabling installation costs are a major factor in the
overall cost, this study first estimated the intrasystem communica-
tions requirements for TAGS. From that, land-line and microwave-
line costs for a given sensor deployment were determined. Installa-
tion siting costs were then examined independently for the TAGS
and VAS deployments. Based on currently known siting criteria,
the feasibility of collocating the TAGS and VAS sensor sites was
determined. Finally, the cost savings of the resulting collocation
were determined for both the region and FAA, expressed in dollars
and also as a percentage of total acquisition plus installation
cost.

The initial study was done for O'Hare, as considerable data
exist concerning VAS tower locations and costs, and a preliminary
TAGS siting study had been done previously. The same techniques
were then applied to Los Angeles, the next most l1ikely airport to
receive TAGS.

Section 17 of the report presents a unified view of the data-
processing activities which occur in the tower cab, or which occur

elsewhere (e.g., in the TRACON), but are closely associated with
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tower-cab activities. The classes of data which are gathered and
Processed are listed, and the flow of information through the
system is examined. After the current and proposed data-processing
Systems are described, the factors which might affect any possible
integrated design are presented.

An analysis follows of the functional aspects of the tower-
cab systems which makes use of Hierarchical Input, Process, Output
(HIPO) charts to show the relationships among the classes of data
and the processing. This was done for each of the MSPD systems
and for the various classes of tower cabs defined earlier.

Finally, some suggestions are made concerning the interconnec-
tion of the various systems and the integration of the data
processing of some of them.

Section 18 provides a summary of the findings and conclusions
of Sections 13 through 17. It also presents a consolidation of
the differing points of view expressed as a result of the exchange
review, which took place after the completion of the independent
analyses. These analyses were carried out in parallel due to time
constraints,
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13, IDEALIZED CONTROLLER STATION CONF IGURAT IONS

13.1 INTRODUCTION

In this section, idealized control tower cab positions are
derived based solely on the controllers' information requirements,
unconstrained by physical considerations related to existing
equipment designs and interfaces. For each position, the informa-
tion provided by current systems and by proposed MSDP 1is
assumed to be available and voice communication by radio is
assumed as the output mode. Then the functions to be performed
by the controller (see Section 4) are used to evaluate the needs
for information, and from these needs an idealized system of dis-
playing the information is proposed with the objective of minimum
display surfaces and control panels required at the position.
These idealized configurations are then discussed briefly in terms
of how they might be approximated with planned MSDP devices.

13.1.1 Information Requirements

For four generalized tower cab controller positions (Local
Control, Ground Control, Clearance Delivery, and Flight Data) and
principal kinds of information needed by the controller to perform
the functions of the position were identified by expanding on the
analyses of Section 4. Each requirement for information was then
examined to determine the most useful mode of presentation from
among the following:

Pictorial Display - for information specific to a geographical
location.

Alhhanumeric Display - for information best expressed in
words and numbers.

Indicator - for information that could be shown by an on/off
light or a pointer.

Audible Alarm - for emergency information that must be re-

sponded to without delay.
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Communications - for information presently received via radio
or telephone and unlikely to be affected by MSDP changes.

Each item of required information was further categorized
by the most desirable type of generation from among the
following:

Cbntinuously - information that should be on display con-

tinuously - either as a permanent display or as data preset and
left for a period of time.

Automatically - information that should be displayed, modified
or deleted* by the system, without intervention by the controller.

Selectively - information displayed or deleted by action of the
controller,

The results of this analysis are summarized in Table 13.1-1,

13.1.2 Action Requirements

For the four generalized tower cab controller positions (Local
Control, Ground Control, Clearance Delivery and Flight Data) the
principal actions required of the controller to control data flow
at that position were identified. Each action requirement was
examined to determine the nature of the required action from among
the following:

Alphanumeric - to enter alphanumeric data into the system.

Actuation - to start, stop or set equipment.

Selection - to select information for display.

Communications - to enter information into the system vocally

via radio or telephone (operations unlikely to be affected by
MSDP changes).

The results of this analysis are summarized in Table 13.1-2.

*Occasionally, as in the case of alarms, an item of information may
appear automatically and be removed from the display by the operator.
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TABLE 13.1-1.

INFORMATION REQUIREMENTS POSITION:

LOCAL CONTROL (1)

GENERATED

ALL AIRCRAFT

Location

ID

Beacon Code

Type and Weight

Restrictions

=3 kol Bal Ra

ARRIVING AIRCRAFT

Approach Pattern

Runway Assignment

Time to Touchdown

Gate Destination

DEPARTING AIRCRAFT

Lineup Position

Runway Assignment

Departure Pattern
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TABLE 13.1-1. INFORMATION REQUIREMENTS POSITION:

LOCAL CONTROL (2)

GENERATED

RUNWAY /TAXIWAY
Visibility XX X
Wind (direction, speed, gusts, vortices, shear) X| X X XX
Forecast Changes in Weather X X
Navaids Status (ILS, MLS) X |X|[X XX
Lighting Status (taxiway, runway, approach, VASI) X|X XX
Runway/Taxiway Condition X X X

GENERAL 7 )
Weather Observation X XX
Weather Forecast X X
ATIS Letter and Altimeter Setting X X
ATIS Text X X
Time X X
Communications Channels X X
Emergency Information XIX |X| X| X X1X
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TABLE 13.1-1.

INFORMATION REQUIREMENTS POSITION:

GROUND CONTROL (1)

ALL AIRCRAFT ON GROUND
Location X X X
1D X X X
Beacon Code X X
Type and Weight X X
Restrictions X X
ARRIVING AIRCRAFT
Gate Destination X X X
Holding Requirements X X X
DEPARTING AIRCRAFT
Runway Assignment X X
Ready for Pushback X X X
Ready to Taxi X X X
First Navigation Fix X X
Gate Hold (as required) X X X
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TABLE 13.1-1. INFORMATION REQUIREMENTS POSITION:

GROUND CONTROL (2)

RUNWAY/TAXIWAY

Active Runways and Taxiways

~

Taxi Routing

ILS Sterile Areas

Obstructions

Traffic under Local Control

GENERAL

Traffic Flow

Status of Gates

Vehicular Traffic

Status of Holding Areas

Weather Observation

Weather Forecast

ATIS Letter and Altimeter Setting

ATIS Text

Time

T A T

Communications Channels

Emergency Information
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TABLE 13.1-1. INFORMATION REQUIREMENTS POSITION:

CLEARANCE DELIVERY

MODE GENERATED
N.
Q, g A
i afafA
~ /&[5 |3 [& Spefe
mgﬁw.,f/ 7.9 £S
~ Sfof~
SNIR v NS ~N IS [~
ojw/o /0[S wiol o
g oy o S [y
S35 | L
LAYA FEASN A WiS] d?
DEPARTING AIRCRAFT
ID X X X
Beacon Code X X
Clearance Text X X X
Clearance Status X X X
GENERAL
Departure Routes X X
Weather Observation X X
Weather Forecast X X
ATIS Letter and Altimeter Setting X X
ATIS Text X X
Time X X
Communications Channels X
Gate Holds X X
Restrictions X X
Emergency Information X X X X




TABLE 13.1-1. INFORMATION REQUIREMENTS POSITION: FLIGHT DATA

8-¢1

ALL AIRCRAFT
ID X X X
Clearance Text X X X
Clearance Status X X X
Clearance Requests X X X

GENERAL
ATIS Letter X X| X
ATIS Message Content X | x X X
Weather Observation X X
NOTAM's X X X
Runways in Use X X
Restrictions X X
Communications Channels X X
Weather Instrument Readouts (LAWRS Towers) X | X X
Equipment Status X |X X
Emergency Information X X| X X| X
Time X X X| X




TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION: LOCAL CONTROL (1)

6-¢T

v 4
LN
5[/ (3
ALY
S /S
/9 /0
ALL AIRCRAFT
Maintains Safe Separation (aloft and on runways) X
Monitors Location of All Aircraft in Control Area X
ARRIVING AIRCRAFT
Receives Inbound Report X
Adjusts Aircraft Separation X
Clears Aircraft to Land X
Advises Aircraft of Traffic and Position in Sequence X
Controls Missed Approach (as required) X
Advises Aircraft of Desired Turnoff (as required) X
Records Arrival Time X
Issues Taxi Instructions (until A/C is clear of runways) X
Hands Off to Ground Control X X
Adjusts Airport Light Intensities (at pilot's request) X| X
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TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION:

LOCAL CONTROL (2)

DEPARTING AIRCRAFT

Receives Handoff from Ground Control

Coordinates Runway Crossings with Ground Control

Adjusts Sequence of Aircraft (as necessary)

Advises Aircraft of Local Conditions (as required)

Advises Aircraft of Initial Routing

Positions Aircraft for Takeoff

Clears Aircraft for Takeoff

Controls Aborted Takeoff (as required)

Hands Off to Departure Control

E el Bl Rl ] B el el K

Records time of Takeoff

GENERAL

Monitors and Controls Navaids

Monitors and Controls Airport Lighting

Coordinates with Supervisor on Selection of Runways

Exercises Necessary Control in Emergencies




GROUND CONTROL (1)

TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION:

ALL AIRCRAFT ON GROUND

Issues Taxi Instructions

Informs Pilot of Traffic Advisories, Intersection
Priorities, etc.

Coordinates Runway Crossings with LC

I1-¢1

Monitors Ground Traffic Flow

Monitors Vehicular Traffic

Resolves Traffic Conflicts

Keeps Critical ILS Areas Sterile (as required)

Provides Assistance in Emergencies

ARRIVING AIRCRAFT

Determines Gate Destination

Notifies Pilot of Gate Status

Assigns Holding Area (as required)

Releases Aircraft from Holding Area

T el Bl K

| P o< >4
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TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION:

GROUND CONTROL (2)

DEPARTING AIRCRAFT

Clears for Pushback

Clears to Taxi

Determines Runway Assignment

Adjusts Sequence of Taxiing Aircraft

Receives Handoff from Clearance Delivery

b

Hands Off to Local Control

Advises Pilots of Gate Hold, Expected Start Time (as
required)

T B ] B

Advises Pilots of Weather, Local Data (on request)




TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION: CLEARANCE DELIVERY

¢I-¢1

&
W& A
&, ¥
) ¥
§ L/5/¢
5 /&
@ ~/ S
ST
< )T S
Reads Clearance to Pilots X
Records Gate X
Records Clearance Delivery X
Hands Off Control to Ground Control X X
Records Delivery of ATIS, Restrictions, etc. X
Advises Pilots of Gate Holds X
Records for Gate Hold (request time, expected start time, X
time start approved)
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TABLE 13.1-2. INFORMATION ENTRY AND ACTION REQUIREMENTS POSITION: FLIGHT DATA

o~
&
F /3
S
3 /S
Fh

Checks Clearances
Hands Off Clearances to Clearance Delivery X X
Monitors Information Flow X
Receives, Relays, or Posts Data X X
Prepares and Records ATIS X| X X
Records Clearance Verification X
Monitors Equipment Status X
Copies Clearances (as required) X
Replenishes Equipment (paper, ink, etc.) X
Enters Local Restriction Data X
Checks and Obtains Misssing Clearances X|X
Obtains Beacon Codes (as required) XX
Enters Clearances (as required) X
Transmits Status Information to Other Airport Operating X
Elements
Transmits and Receives Emergency Communications X
Maintains Records (as required) X
Activates Emergency Alarm (as required) X
Takes Weather Observation (LAWRS towers) X XIX
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13.1.3 Derivation of Proposed Configurations

For each of the four generalized tower cab controller posi-
tions (Local Control, Ground Control, Clearance Delivery,and
Flight Data), a configuration of displays and controls was derived
that met the requirements summarized in Tables 13.1-1 and 13.1-Z.
The information provided by current systems and by proposed MSDP
systems was assumed to be available, and voice communication
procedures and equipment were assumed to continue unchanged (i.e.
this analysis does not assume digital data 1link).

Some basic principles were used in arriving at the recommended
configurations:

1. Provide all the information required at a given time.
2. Suppress all information not required at a given time.

3. Arrange information to minimize the need for processing
(integration, correlation, conversion, etc.) by the
controller.

4, Minimize the search and retrieval actions required to
obtain information.

5. Provide the controller with flexibility in selecting
information configurations.

6. Minimize the number of display surfaces and control

panels required.

7. Minimize the probability that significant information
will be overlooked.

Since some of these principles may be incompatible (1 and 2
vs, 4; 4 vs. 5, or 5 vs. 6, for example), tradeoff evaluations and
compromise solutions were necessary. These tradeoffs resulted in
some constraints on callup of individual items of information.

For example, a single key is proposed for LC to call up all weather
data for all locations within an area rather than individual keys
for such items as wind or visibility data on a specific runway.

A single audible alarm is proposed for all emergencies, paired
with a blinking symbol or indicator to show the nature of the
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emergency, and a suppress key is provided for the alarm. Several
different types of alarm might be substituted.

The proposed configurations for each position are described
and discussed in more detail in the following sections.

13.2 LOCAL CONTROL POSITION

13.2.1 Displays

Essentially the LC must maintain safe separation of aircraft,
both airborne and on the ground, within an area of control. Much
of the information needed by the LC, then, involves the relative
positions and movement of identified aircraft. A map-like display
of ID, position, and movement of aircraft was thus considered a
primary requirement. Some additional information was considered
so critical that it should be continuously displayed. Some in-
formation was considered critical at times, but unnecessary (and
therefore a form of clutter) at other times; this information was
classified as selective. (See Table 13.2-1).

The analyses summarized in Table 13.1-1 led to a proposed
configuration involving four major display areas or surfaces:

I. Area Pictorial - pictorial and alphanumeric
II. Airport Pictorial - pictorial and alphanumeric
II1I. Information Text - alphanumeric

Iv. Auxiliary display - indicators

The contents and nature of these proposed display areas are
summarized in Table 13.2-1.

13.2.2 Controls

In a similar fashion, the analyses summarized in Table 13.1-2
led to a proposed configuration of four control panel areas:

V. Pictorial displays - select
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TABLE 13.2-1. LOCAL CONTROL DISPLAY REQUIREMENTS

I. Area Pictorial-Airport Centered, Scale Selective

Content Origin Nature
Runways, landmarks P Map
Approach/departure routes E Map
Navaid systems E Alphanumeric
Aircraft in area-plan location A Symbols
ACID for A/C under own control A Tag, leader
Altitude for A/C under own control A Tag
ACID, altitude for all A/C S Tag, leader (quick-look)
Weather hazard warning A Symbol, blink, audible alarm
A/C hazard warning (MSAW,TCA) A Tag alphanumeric, blink, audible
alarm

Time, ATIS letter, alt. setting A Alphanumeric
Arrival sequence, time to touch down S Alphanumeric 1listing
Departure sequence S Alphanumeric listing
Origin Symbols

P = Permanent

E = Entered (Keyboard entries setup and left)

A = Automatically entered

S = Selected (Controller selects with special pushbuttons or touch panels.)
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TABLE 13.2-1.

LOCAL CONTROL DISPLAY REQUIREMENTS (CONTINUED)

II. - Airport Pictorial-Fixed Scale

A. Continuously Displayed
Content Origin Nature
Runways P Map
Runway identification P Alphanumeric
Approach/departure routes E Map
All A/C A symbol at location (may be radar
return)
ACID, alt, weight for A/C under own A Tag, leader
control
Runway status (restrictions, assigned) E Letters with ID
Weather hazard warning A oymbol, blink, audible alarm
Time, ATIS letter, altimeter setting A Alphanumeric

B. Weather Selective ~ {One Button)

Runway winds

Runway VAS criteria

WVAS vortex location

Wind shear line, direction, speed
RVR, RVV

Latest weather observation

Symbols and digits at locationms
Digits at locations

Symbol at location

Symbol, digits, at location
Alphanumeric at location
Alphanumeric in available space

C. NAVAIDS Selective -

(One

button)

NAVAIDS available
NAVAIDS in operation
NAVAIDS out of service

Alphanumeric at location
Added symbol
Added symbol

D. Taxiways Selective - (One button)

Taxiways

Taxiway identification
Taxiway status

A/C gate or runway assignments

Map

Symbol or letter

Symbol or letter

Symbol added to A/C data tag
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TABLE 13.2-1. LOCAL CONTROL DISPLAY REQUIREMENTS (CONTINUED)

ITI. Airport Pictorial (Continued)
E. Quick-Look Selective (One button for both I and II)

Content Nature
ACID for all A/C Tag, leader
Controller Symbol on tag
F. Listings Selective (One button for both I and II)
Arrival sequence, time to touch down Alphanumeric listing
Departure sequence Alphanumeric listing

ITII. Information Text
All features proposed for TIPS at LC position.
In addition:

Full text of ATIS should be displayed on request.

Full test of latest local and satellite weather observations should be dis-
played on request, to include VAS, WVAS, and wind shear information.

Full text of latest terminal weather forecast should be displayed on request.

IV, Auxiliary Display

Field lighting status - indicator lights on map
NAVAIDS status - indicator lights

V. Audible Alarms

Aircraft hazard Same alarm for all. Suppressed
Weather hazard when any appropriate switch or
Light status button action is taken.

Emergency warning




VI. Alphanumeric keyboard
VII. Display adjustments
VIII, Auxiliary panels.

The nature of these controls is summarized in Table 13.2-2.
Figures 13.2-1, 13.2-2 and 13.2-3 illustrate the use of the V
keys to select various data configurations on display II.

13.2.3 Arrangement

Considering the LC standing at the center of his designated
area, and looking out the window, displays I and II should be
closest to his line of sight. DisplayII could be slightly below
line of sight. Displays I and II differ primarily in scale
(and thus ability to depict details of runways and taxiways). If
they could be used alternatively, they could be combined on the
display II device with a scale-select callup. However, current
operational use of ASR and ASDE BRITE's suggests that LC will
generally want both scales available at the same time. Therefore,
suspending display I above the line of sight as in current practice
is proposed. The surface of display III should be beside, and in
the same plane as, display II, to minimize eye movement and
accommodation between the two. The select keys (V) should be
directly under display II; likewise the keyboard and PEM (VI)
should be directly under display III. Location of the display
adjustments panel is less critical, but it should be easily
reached from the central LC position. Any additional space
adjacent to displays II and III should be allocated to communica-
tions equipment. The auxiliary display and controls (IV and VII)
need not be within immediate reach of LC, since they are operated
less frequently than the other elements. They could be located
beside and beyond the communications or the display adjustment
areas, or on an island console behind the controller.
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TABLE 13,2-3,

LOCAL coNTRoL REQUIREMENTS FOR CONTROLS

Select alphanum
Actuate handoff
Record arrival
Input informati
(as in TIPS)
Request printoy
Set up data for
Status inform
ARTS) .,
Position cursor

V, Pictoria] Displays - Select
FUNCTION . NATURE DISPLAY
Select weather (wx Double-action button IT
Select NAVAIDS (N) DoubTe-action button TT
Select taxiways (T) DoubTe~action button IT
Select qg1ck~look Double-actlon button IT
Select llstlngs (L) Double~act10n button IT
Suppress alarm Slngle~act10n button IT
Select scale, brlghtness, Rotary switches I
contrast
VI, Alphanumeric Keyboard
Function

eric information displays (as in TIPS, ARTS)
(as in TIPS)

and departure times (modification to TIPS)

on (resequence, cancel, missed approach)

t (modification to TIPS).
pictorial displays (runway assignment,
ation, routing maps, etc,) (modification to

on I or II (PEM, as in ARTS)

VII, Display Adjustments

Function

Nature

Select display to b

e _adjusted Pushbuttons

Adjust brightness

Rotary switch

Adjust contrast

Rotary switch

Adjust panel lightT

ng brightness Rotary swifch

VIII, Auxiliary Panel

Function Nature
—Actuate NAVAIDS i Pushbutton array
Control Airport Lighting MIMIC Pane;s
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Time ATIS Altimeter Runway identification
and Assignment

Runway Status

A/C Symbol
<7 and ACID

14:27:25-9-29.46

WX N T Q L <:>

ALARM
OFF

DISPLAY GROUP SELECT

FIGURE 13.2-1 II-A BASIC
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Weather
Alarm

b .
4727:25-0-29.48 Weather Observation

Wind Tower
Indication

Wind Shear
Line

/

¥ 4
//10515
VAS4-5-,

ALARM
OFF

\
DISPLAY GROUP SELECT

FIGURE 13.2-2, 1II-B WEATHER
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L/

WX -] N T |0 L O

ALARM
OFF

71 1N\
DISPLAY GROUP SELECT

FIGURE 13.2-3. II-C§&D NAVAIDS AND TAXIWAYS
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A possible configuration of these elements, arranged in the
NAFEC console,1 is illustrated in Figure 13.2-4.

13.3 GROUND CONTROL

Ground Control (GC) display and control requirements have
been well worked out in the TAGS program. In the idealized cab,
the GC position would look like the LC position (Figure 13.2-4)
minus display I and panel IV/VIII. The select functions for dis-
play II (panel V) would not require Navaids and Taxiways (Taxiways
should be continuously displayed for GC, as should all aircraft
under GC control). Perhaps buttons could be added to select only
arriving or departing aircraft. Alphanumeric formats for GC are
adequately planned in the TIPS program. Gate Hold should be in-
dicated by a blinking symbol on display II.

13.4 CLEARANCE DELIVERY

CD would require only display III and keyboard VI with the
communications panel. Format requirements for CD are well worked
out in the TIPS program.

13.5 FLIGHT DATA

FD would require display III and keyboard VI with the com-
munications panel. The 'Enter Weather Data' function now assigned
in TIPS to the Input-Output Terminal (IOT) should be made at least
optional at the FD position since he frequently is given respons-
ibility for that kind of activity (see Section 4.4.5). If in-
formation from VAS, WVAS, Wind Shear or other systems becomes
available through TIPS then further development of display
formats will be required.

Figure 13.5-1 shows a possible arrangement for the CD or
FD position.
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ITI INFORMATION
TEXT

COMMUNICATIONS
|

11
VIT DISPLAY v,
AIRPORT IV & VIII
ADJUSTMENTS PICTORTAL ‘:‘D AUXILIARY
OL_—__:I PANEL

V PICTORIAL
DISPLAYS
SELECT s !

VI ALPHANUMERIC
KEYBOARD

FIGURE 13.2-4. POSSIBLE ARRANGEMENT OF IDEALIZED
LOCAL CONTROL POSITION
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COMMUNICATIONS

INFO
TEXT

—— 0

. of ]
/ Jzrziooo) 000 =
/ | * \I

ALPHANUMERIC
KEYBOARD

FIGURE 13.5-1 POSSIBLE ARRANGEMENT OF IDEALIZED CLEARANCE
DELIVERY OR FLIGHT DATA POSITION
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13.6 SYNTHESIS FROM MSDP ELEMENTS

The primary impact of MSPDs is on the LC position,
where information from such systems as VAS, WVAS, and Wind Shear
must be integrated and disseminated. Therefore, in the idealized
design, great emphasis has been placed on including such data in
symbolic form on map-like presentations. If wind information is
sensed, it should be shown at the sensor location. Similarly
status information should be shown where it applies -- on or near
the runways and taxiways. The proposed configurations generally do
not call for information other than that planned for the near future.
Similarly, the proposed display devices could be implemented with
existing (BRITE) or planned (TIPS) devices. Also, current arrange-
ment of equipment was considered in determining the proposed arrange-

ment.

Special note should be made of the proposed '"quick entry"
capability of TIPS, using a touch-sensitive display face. This
feature is particularly valuable in minimizing the number and
complexity of keying operations required for data retrieval. The
feasibility of using this capability as an alternative to keyboard,
trackball or joystick cursor controls wherever applicable should be
explored.

Since a limited deployment of TAGS is planned, the Airport
Pictorial (II) display at the LC and GC positions in many towers
must be approximated from other MSDP elements. The principal loss
(the basic feature of TAGS) will be the data tags associated with
aircraft symbols or returns, because there will be no beacon system
for tracking aircraft on the ground. The other data for display II
will be in the system. The best candidate for the pictorial data
will be the ASDE information on a BRITE {or equivalent) device.
Superposition of much of the symbolic data might be accomplished
in the same way that ARTS alphanumeric data are superimposed on
today's ASR BRITE displays. Registration of meteorological data
might be assisted by installing radar reflectors or beacons on the
meteorological towers.,
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13.7 HUMAN FACTORS SUMMARY DISCUSSION

The proposals for an idealized layout are aimed primarily at
moving information now displayed via a variety of dials and in-
dicators onto two or three display surfaces, adding information
from new sensors, and grouping the information in forms matching
controllers' needs, while minimizing the effort required to
retrieve the information. This approach may raise problems of
software preparation and system interface redesign. It may be
necessary that the sensed information from MSDP elements (old
and new) be centrally processed and then sent to the appropriate
display devices, thus adding requirements for combining the
processing powers and output interfaces of TIPS, TAGS, and ARTS.
The challenge, then, is to eliminate the space-taking indicators
now in use (wind, altimeter, clock, etc.), avoiding adding any
new display devices from new elements, and put all the information
in a few surfaces in the most usable form.

13.8 FEASIBILITY ANALYSIS AND INTERFACE ISSUES

13.8.1 Operational Considerations

The idealized stations proposed in this section are large by
today's standards. The proposed consoles are 45 inches in length;
and in this study, controllers were allocated the following
counter space for their individual stations:

o Local Control - 2 consoles or 7.5 ft.

o Ground Controls - 1.5 consoles or 5.6 ft.
o Clearance Delivery - 1 console or 3.8 ft.
o - Flight Data - 1 console or 3.8 ft.

These stations are based on a NAFEC design which was the result
of a program to develop tower cab operator consoles for high
activity airports. The NAFEC program developed their station
design in a tower cab mockup with 525 square feet of floor space.

13-29



As seen from Table 12.4-2, few current towers can equal this floor
area and some class B tower cabs have less than half this area
available. Elongated controller stations will tend to:

o Increase the pressure for space at those tower cabs already
experiencing space limitation problems, and

o Accentuate controller line of sight problems, particularly
at those towers located to the side of their respective
airports, by spreading the controllers around the cab
away from the favorable viewing locations.

If an analysis of tower cab spatial and line-of-sight requirements
indicates that shorter stations are needed, two alternatives are:

o Remove the Airport Pictorial Display from the console and
hang it from the ceiling, or

o As with the station's single integrated keyboard and its
display control unit, physically integrate the two large
console mounted displays (i.e., Airport Pictorial and
Information Text Displays) into a single display unit.

In terms of today's MSDPs (i.e., TAGS, TIPS, and BRITE), the ideal-
ized station concept developed in this section proposes the follow-
ing integration for Class A equipped tower cabs:

o Consolidation of the BRITE, TIPS, and TAGS keyboards into

a single unit.

o (Consolidation of the BRITE and TAGS display control units

into a single unit.

o Expansion of the TAGS presentation capability to include
the ability to provide a variety of information formats on
a quick look basis.
Class B equipped control towers could also qualify for the two
latter options if the ASDE display were modified to present lists

of alphanumeric and symbolic information. Conceptually, the only
difference that need exist between a TAGS and an ASDE presentation
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is that the TAGS presentation can associate its computer generated
data to the actual positions of the targets on the display face.
ASDE-3 is to be an analog and not a digitized radar and, therefore,
cannot perform such target association.

Of the above integration options associated with this station
concept, two have been singled out for discussion in the following
subsections:

o The feasibility of integrating the TIPS and ASTC displays
(i.e., either TAGS or ASDE) into a single display unit,
and

o The integration of the BRITE, TIPS, and TAGS keyboards
into a single keyboard unit.

13.8.1.1 Feasibility of a TIPS/ASTC Display Integration - The
ASDE-3 display will be the NUBRITE TV display. This display was
recently developed for ASDE-3 and is currently operating on three
ASDE-2's (JFK, ORD, and SFO). It is described in Appendix A.2.3
I1f TAGS is to be a hybrid system employing ASDE-3, it too will use
the NUBRITE TV display.

The TIPS display has not yet been developed. It may be a TV
display as have been the units tested to date at NAFEC. If it is
to be a TV display, the potential integration of the ASTC and TIPS
TV displays into a single TV display may be considered. However,
without benefit of detailed analysis, this possibility does not
appear promising for the two most likely options based upon the
following rationaleQ

Option 1 - Specify that the TIPS display permit its use to
view ASDE-3/TAGS during bad cab visibility conditions (i.e., about
two percent of the time, see Table 13.8-1). This option does
not look feasible for the following reasons.

(1) The high resolution requirements associated with the
ASTC system are quite severe. These requirements motivated the
recent NUBRITE system development program (estimated cost of
$500,000) and resulted in a very expensive display (approximately
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TABLE 13,8-1.

OVER 300,000

CY 1975

PERCENT*
ITINERANT TIME IN
AIRPORT IDENTITY OPERATIONS POOR CAB
NAME § LOCATION (THOUSANDS) VISIBILITY
ORD Chicago O'Hare 690 1.7
ATL  Atlanta Intl. 471 4.1
LAX Los Angeles Intl. 454 3.1
JFK J.F. Kennedy Intl. 341 3.1
DEN Denver Stapleton 372 1.0
DFW Dallas Ft. Worth 345 1.2
LGA LaGuardia 331 2.4
SFO San Francisco 330 1.1
STL St. Louis Intl. 322 1.5
MIA  Miami Intl. 315 0.3
DCA Washington DC 309 1.2
PHL Philadelphia Intl. 307

Average

.

TIME IN POOR CAB VISIBILITY FOR ASTC SITES WITH ANNUAL OPERATIONS

*Visibility <400 feet and/or 1 mile between 0700 and and 2100 hours - local time.



ten times the price of a standard TV monitor). Levying these
requirements on the TIPS display when only 27 of the 89 TIPS
sites would use them would be of questionable benefit. Clearance
Delivery and Flight Data would never use the surveillance feature
and an extended TIPS deployment (e.g., to all ARTS sites) would
further aggravate the problem.

(2) The information content of ASTC and TIPS displays is for
the most part exclusive and is by nature different. ASTC displays
are pictorial plan view displays showing the airport map and
target location. TIPS displays are text displays listing flight
data information. The only common information is that TAGS and
TIPS both indicate the identity of aircraft under control. Since
the information is exclusive and quite different in nature, it 1is
unlikely that an integrated display will take up any less space
than the two individual displays unless the display area is time
shared. The one possible combined concept, that of adding flight
data to the TAGS data blocks, has been judged unacceptable based
upon simulation evaluations. (The added alphanumerics tend to
compromise target detection). The possibility does exist that
acceptable ASDE-3/TAGS performance might be provided if the flight
data, in list format for ASDE-3 and either list or in data blocks
for TAGS, were displayed in a ''quick look'" mode. However, this
mode would severely compromise the TIPS functions.

Option 2 - Specify that TIPS utilize the NUBRITE TV display
at sites so equipped. This option exhibits problem (2) above.
In addition, the TIPS concept uses the '"quick action" data entry
feature to provide the flexibility required for data manipulation
and retrieval. The TIPS display will, therefore, require data
entry as an integral part of the display. The NUBRITE system does
not provide this feature and would severely compromise the TIPS
usefulness.

13.8.1.2 1Integration of the TAGS/TIPS/ARTS Keyboards - Analysis
in Section 14 indicates that the keyboard entry devices required
by TAGS, TIPS, and the BRITE Alphanumeric Equipment should be
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integrated. To examine the extent of the integration requirement,
the keyboard combinations which will be required when the systems
are deployed are estimated in Table 13.8-2. From this table,

it is seen that the majority of the TIPS and ARTS keyboards will
be used individually. However, at least 79 keyboards will be used
in combinations, 71 of which are the TIPS/ARTS combination. This
number and the cab space limitations discussed in Section 14, may
be adequate to justify a keyboard integration effort.

In integrating the various keyboards, many design considera-
tions and trade-offs must be made. Since the majority of key-
boards do not need to be used in combination, at least the existing
ARTS keyboards will be used individually, without integration.
The addition of integrated keyboard combinations will, therefore,
result in a family of keyboards. Each keyboard must provide the
functions unambiguously without confusion as the controllers
rotate through the various cab positions and each chassis should
be as small as possible to save space. Satisfaction of these
requirements will require decisions regarding key arrangement and
chassis configuration.

A complete system design would require considerable time and
effort. Many alternatives will have to be considered. Such a
complete study was not conducted here due to resource limitations.
However, one alternative was considered in some detail to examine
the basic feasibility of integration. The design approach would
minimize the operational impact of the set of keyboards on the
existing ARTS keyboard. The keyboards would be modular in nature
and based upon the ARTS keyboard.

In conducting the preliminary modular keyboard design, the
functions required by each keyboard had to be defined. The
information was drawn from Sections 7 and 8 for TAGS and TIPS
respectively and the ARTS III Air Traffic Training Manual2 for
the BRITE (ARTS) keyboard. The individual keyboards for each system
will have:

1. The capitalized alphabet

2. The numbers 0-9
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TABLE 13.8-2.

ESTIMATED DEPLOYMENT OF MSDP KEYBOARDS IN TERMS OF CAB
CONTROLLER STATIONS

TYPE OF CONTROLLER STATION KEYBOARD

CAB NUMBER OF | TACS/TIPS/ARTS TAGS/TIPS TIPS/ARTS TIPS ARTS NONE
EQUIPMENT| y,ucrpis | ALRPORTS | CONT.  EST.*1 | CONT.  EST.*1 CONT. EST.*1 | CONT. EST.*1 CONT, EST.*1 CONT.
CLASS 13 e1ss | IN CLASS | POS.  DEPLOYML. | POS.  DEPLOYMT. | POS. DEPLOYMT. | poS. DEPLOYMNT. | POS. DEPLOYMT. | Pos.
A TIPS, 4 LC 4 cC 4 CD,FD 8
ARTS,
TAGS
BC e 7 LC 71 cc 213
CD,FD
D TIPS 14 LC,GC 56
cD, FD
E&F ARTS 85 LC 85 cc
CD,FD
¢ NONE 240 LC,6C
€D,FD
TOTAL EST. DEPLOYMENTS*1 4 4 71 277 85

NOTES

*1 Low estimates since multiple controller positions not counted.




3. "Display Preview Area" control keys - presented in
Table 13.8-3.

4. Special symbols - presented in Table 13.8-4 for ARTS
" and Table 18.3-5 for TIPS. At present, TAGS has no
plans for including special symbols on its keyboard.

5. Function keys - presented in Table 13.8-6 for ARTS,
Table 13.8-7 for TIPS, and Table 13.8-8 for TAGS.

The ARTS keyboard is shown in Figure 13.8-1 and is the unit
which would continue to be used at the Class E and F equipped
tower cabs. The arrangement of keys would be kept as it is today.
To this basic keyboard, modules could be attached to expand the
keyboard capability to include both TIPS and TAGS features. There
would be one module for each of the two systems.

The TIPS keyboard module is presented in Figure 13-8-2. The
TIPS keyboard functions are expected to differ by control position
so there are three variations of the TIPS module - one for each
type of cab positionm. Figure 13.8-3 presents the free standing
version of the integrated TIPS/ARTS keyboard. The TIPS module is
attached to the ARTS/Basic keyboard and the electrical output from
the ARTS unit is input to the TIPS module. Two sets of electrical
outputs come from the module - one set to the TIPS computer and
the other set to the ARTS computer. The TIPS module contains:

o A TIPS mode select key plus a light to indicate when
the keyboard is in the TIPS mode as opposed to the
ARTS mode.

o The set of TIPS special symbols.
o The set of TIPS function keys.
o Two of the six TIPS control keys.

To save space the TIPS module does not contain either the alpha-
numeric keys or the basic set of four control keys which TIPS

and ARTS have in common.
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TABLE 13.8-3. PRELIMINARY LIST OF THE KEYBOARD CONTROL KEYS FOR ARTS, TAGS, AND TIPS

ARTS TAGS TIPS
CLEAR CLEAR CLEAR
BACKSPACE BACKSPACE BACKSPACE
SPACE SPACE SPACE
ENTER ENTER ENTER

CARRIAGE
RETURN

LINE FEEDER




TABLE 13.8-4.

LIST OF ARTS KEYBOARD FUNCTIONS

2

KEYBOARD SYMBOLS KEY CODE
1) Plus Sign +
2) Period
3) Slant /
4) Asterisk *
A
5) Arrow, Up |
6) Arrow, Down &
7) Arrow, Left <=
8) Arrow, Right g
AN
9) Arrow, Up Left
10) Arrow, Up Right /!
11) Arrow, Down Left pd
12) Arrow, Down Right Ny
13) Delta A
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TABLE 13.8-6. LIST OF ARTS KEYBOARD FUNCTIONS2

KEYBOARD FUNCTIONS * . KEY CODE

1. TRACK START TRK START
2. TRACK REPOSITION TRK REPOS
3. TRACK SUSPEND TRK SUSP
4, TRACK DROP TRK DROP
5. HAND OFF HANDOFF
6. ENTER FLIGHT DATA FLT DATA
7. MULTIPLE FUNCTION MULTI FUNC
8. SPARE KEY F8

16. SPARE KEY F16

17. REQUEST IFR BEACON CODE IFR

18. REQUEST VFR BEACON CODE VFR

19. BEACON CODE MANIPULATION/READOUT BCN

20. CONTROL STATION ASSIGNMENT CFG

21. TRACK FORMAT MANIPULATION DIS

22, EMERGENCY FORMAT EMG

23, FILTER LIMIT MANIPULATION/READOUT FIL

24. MODIFY LEADER OFFSET DIRECTION LDR

25. MODIFY DATA FIELD FORMATS MOD

26. SELECT/INHIBIT AUTO-OFFSET OFF

27.. RELOCATE PREVIEW AREA PRE

28.  RELOCATE SYSTEM DATA AREA SYS

29. RELOCATE VARIOQUS LISTS TAB

NOTE

*

Abbreviated statement of functions.
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TABLE 13.8-7. PRELIMINARY LIST OF TIPS KEYBOARD FUNCTIONS

KEYBOARD FUNCTIONS*- KEY CODE
1. Enter IFR Flight Plan IFR FP
2. Enter VFR Flight Plan VFR FP
3. Amend IFR Flight Plan IFR AM
4, Amend VFR Flight Plan VFR AM
5. Flight Plan Readout REQ FP
6. Cancel Flight Plan CAN
7. Departure Delay Status DELAY
8. Enter Weather Data WTHR
9. Enter Airport Status Data STATUS
10. Modify Display Organization LIST
11. Runway/Aircraft Reassignment RWY
12. Transfer to Ground Control XGC
13, Transfer to Local Control XLC
14. Transfer for Clearance Delivery XCD
15. Change Displayed Aircraft Hold Status HLD
16. Conduct Internal Communications Test TEST
17." Multiple Function MULTI FUNC
NOTE

* Based on Section 8.
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TABLE 13.8-8. . PRELIMINARY LIST OF TAGS KEYBOARD FUNCTIONS '

KEYBOARD FUNCTIONS* KEY CODE .

1.) TRACK START** TRK START

2.) TRACK REPOSITION*# TRK REPOS )

3.) TRACK DROP#** TRK. DROP

4.) SELECT/INPUT SCHEME LIMITING TAGGED CLASS .
TARGETS

5.) INPUT MAP COORDINATE (TO DEFINE COORD
GEOGRAPHIC AREAS LISTED IN SCHEMES
TO LIMIT TAGGED TARGETS)

6.) TAG START#**% TAG START

7.) TAG DROP#*## TAG DROP

8.) DELETE ALL LEADERS LDR DLT

9.) SELECT ALTERNATIVE TAG DIRECTIONS TAG DIR
BY AIRCRAFT CLASS/GEOGRAPHIC AREA

10.) INPUT LIST LOCATION LIST LOC

11.) SELECT LIST TO BE DISPLAYED LIST CALL

12.) MULTIPLE FUNCTION MULTI FUNC s

NOTES

* Based on Section 7.

%% This function is intended to provide manual track control
on those occasions the set of tracking algorithms proves
too slow.

#%%Similarly, this function is intended to provide manual tag
control on those occasions the set of tagging algorithms
proves too slow or inappropriate.
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To put the overall keyboard into the TIPS mode, the TIPS mode
select key would be depressed on the TIPS module. The TIPS mode
light would then turn "on'" and the controller would be able to
address the TIPS computer by means of the keys on the TIPS module
used in conjunction with the alphanumeric and control keys on the
ARTS/Basic keyboard. Depressing the TIPS mode select key once
again would turn the TIPS mode light "off' and would return the
integrated keyboard to its original state. The controller would
then be able to address the ARTS computer by means of the ARTS/
Basic keyboard.

Of the five required keyboard combinations presented in
Table 13.8-2, this keyboard would be used for both the TIPS/ARTS
and the TIPS only combinations. In the TIPS only configuration,
the keyboard would always be in the TIPS mode and the keyboard out-
put to an ARTS computer would be unconnected. The keyboard would
have an extensive deployment which would include Class A, B, C, and
D tower cabs.

To provide a TAGS capability to the keyboard, a TAGS module is
added to the integrated TIPS/ARTS keyboard, Figure 13.8-4. The
TAGS module would appear and function in a manner similar to that
described for the TIPS module. The TIPS/ARTS portion of the key-
board would operate as described in the previous paragraphs. To
put the overall keyboard into the TAGS mode from either the TIPS
or ARTS mode, the TAGS mode select key would be depressed. The
TAGS mode light would then turn "on" and the controller would be
able to address the TAGS computer by means of the keys on the TAGS
module used in conjunction with the alphanumeric and control keys
on the ARTS/Basic keyboard. To switch from the TAGS to the TIPS
mode, the TIPS mode select key would be depressed; and to switch
from the TAGS to the ARTS mode, the TAGS mode select key would be
depressed for a second time. This keyboard switching logic is
summarized in Table 13.1-8.

This keyboard would be used for both the TAGS/TIPS/ARTS and
TAGS/TIPS keyboard combinations called out in Table 13.8-9. The
keyboard would have a small deployment restricted to the Class A
equipped tower cabs.
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TABLE 13.8-9.

MODE SWITCHING LOGIC FOR THE INTEGRATED TAGS/TIPS/ARTS KEYBOARD

CURRENT DESIRED KEYBOARD MODE
KEYBOARD
MODE ARTS TIPS TAGS
ARTS NA Depress TIPS mode Depress TAGS
select mode select
TIPS Depress TIPS NA Depress TAGS
mode select mode select
TAGS Depress TAGS Depress TIPS NA
mode select mode select




In summary, this integrated keyboard alternative consists of
the existing ARTS keyboard, a TIPS keyboard module, and a TAGS
keyboard module. Although the keyboard has not undergone a human
factors analysis, an attempt has been made to arrange the keys
in a manner that would not be found ambiguous operationally in
that,

o The layout of keys on the ARTS keyboard is already
familiar to most controllers, and

o The keys for each of the three systems are kept separate
except for the sets of keys that are essentially common
to all three systems - namely, the alphanumeric and
control keys.

In place of having controller stations with one, two or
three ARTS sized keyboards, this integrated keyboard design would
provide keyboards that are 1.0, 1.5, and 1.8 times the length of
the existing ARTS keyboard. Finally, by covering the requirement
for five keyboard combinations with three keyboards, as is done
with this concept, the number of cabs with two or more types of
keyboards would be reduced from 85 to less than 5, Table 13.8-2.
By not requiring a controller to use different types of keyboards
as he rotates through the various control positions in the tower
cab, a source of potential controller confusion has been elminated.

13.8.2 Data Processing Considerations

There is a handful of suggestions put forth in the preceding
sections of this chapter that have implications for the data
processing systems in the tower cab. The first of these involves
the availability of weather data for display on display III, the
alphanumeric Information Text display, which is approximately the
TIPS display. It is suggested in Table 13.2-1, Part III that

a) the full text of ATIS,.

b} the full text of the latest local weather observations
(including VAS, WVAS and wind shear), and
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c) the full text of the latest terminal weather forecast.
be available for display upon request. In order that these data
be available in the system driving the display, either some operator
must enter the text, or an automatic entry method must be developed.
The data from the VAS and other systems would be relatively easy to
acquire, but the other data is not so readily available in machine
readable form.

A suggestion is to put weather data in graphic form on the
Airport Pictorial display (see Section 13.6). This implies both
that the relevant observations are available in the display proces-
sor and that the software to generate the display tables and drive
the display are available. It is the TAGS/ASDE-3 display that cor-
responds to the Airport Pictorial display described here, but that
will be deployed to only a few airports. In essence, then, a new
function is being suggested; namely, to generate alphanumerics for
the ASDE-3 display using wind and weather observations as input.

A third suggestion, that 'time to touch down' be displayed on
the pictorial displays, requires a computation whose reliability
is open to question when based on the currently available data.
Preliminary experiments using ARTS III beacon target reports were
very disappointing.
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14, TOWER CAB CONFIGURATION STUDIES: EQUIPMENT INTEGRATION

14.1 TINTRODUCTION

This section is concerned with the installation of the dis-
play, data entry, and control (DDC) units for the major cab
related elements of the MSPDs. 1Its objective is to estimate the
minimum integration required from a cab operations viewpoint.
Integration for cost reduction is not considered. The questions
addressed are: If the current cab equipment and station layout
were to be maintained and the major DDC units were added to the
cab,

1. What would be the impact on the controller duties and
cab operation?

2. Would the resulting operation be acceptable?

3. What equipment must or should be integrated to achieve
satisfactory performance?

In examining these questions only the major DDC units were con-
sidered since they would have the principal impact on the cab.
Display/control devices associated with such equipment as VAS, WVAS
and Wind Shear systems were not included in the study.

The approach taken in the study was to select airports from
each of the critical equipment based classes, i.e., classes for
which two or all three major equipments (ASTC, TIPS, BRITE) would
be installed, and to perform detailed analyses on each airport.
From these analyses, the results were generalized to their respec-
tive classes as much as possible.

This case study approach was taken due to the great variation
in cab.layouts and operations. Cab equipment and station layouts
and viewing problems are dependent on such factors as airport
layout, cab orientation and location at the airport, runway
utilization and configurations, cab size, and cab shape. In addi-
tion, each facility can have a different approach to satisfying
the same requirement. Because of this variation it is not possible
to study a "standard" cab for each class of airport. For
the same reason, the ability to generalize from the case studies is
limited.
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The airports selected for study are shown in Table 12.4-2.
Two airports were selected from Class A, Chicago, O'Hare,and Los
Angeles, and two airports were selected from Class B, Boston Logan
and St. Louis. These two classes will receive all three major DDC
units, ASTC (TAGS or ASDE-3), TIPS, and BRITE A/N equipment. One
airport was selécted from Class C and the current operation at
Chicago O'Hare, Los Angeles,and Boston was used to cover Class E.
In this manner, all classes with two or more major DDC units were
included. Future operations at Class E airports could not be
included due to the lack of data on those airports. Finally,
Portland, Maine was selected to represent an ARTS II facility and
a TRACAB. With its addition the studies spanned large ARTS III
facilities (Chicago and Los Angeles), medium ARTS III facilities
(Boston and St. Louis) and an ARTS II facility.

The analysis of each airport is presented in the following
sections beginning with Los Angeles. Techniques and assumptions
used throughout each analysis are explained in the Los Angeles
section and, thereafter, simply used. It is important to note
that these analyses have not been reviewed by the respective air-
ports and until so verified or corrected should be considered
quite preliminary.
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14.2 LOS ANGELES (LAX) CASE STUDY
14.2.1 Current Good Visibility Operation

The LAX airport layout with the cab location is shown in
Figure 14.2-1. The cab is square and fs aligned with the sides
facing the compass directions. There are two sets of dual lane
runways, the 24's on the Northside and the 25's on the Southside.
The airport operates arrivals from the East and departures to
the West about 70 percent of the timel:and this includes the high
activity periods. Normally artrivals land on the outside run-

ways. There are six satellite type terminals, two on the North-
side and four on the Southside. One-way flow restrictions for
large aircraft moving between and around the satellites requires
Ground Control advisories which represent a significant workload
and require surveillance of the ramps. Noise abatement proce-
dures and terminal layout place most operations on the Southside
runways. Most flights originate or terminate at the four South-
side satellites. For these redsons the Southside is of primary
concern to the cab (particularly Ground Control). Current opera-
tions rates are shown in Table 14.2-1.

Helicopter operations operate into and out of the pad shown
in Figure 14.2-1 and other areas in the general aviation and
manufacturing area. Operations cross the approach ends of the
24's at about 500 feet of altitude and the 25's between the ap-
proach end and the crossing taxiways at about 1500 feet. Demand
is 10 to 12 operations per hour and growing.

The controller stations are indicated in Figure 14.2-1.
These are located in more detail along with the cab layout2 in
Figure 14.2-2. The area of responsibility for each control po-
sition is given in Table 14.2-2. As indicated in Table 14.2-2,
the Northside Ground Control position is staffed only in the
event of unusually high operations rates or operational diffi-
culties. The Line of Sight (LOS) required by each controller is
shown in Figure 14.2-2 with and without the Northside Ground
Control position staffed. The LOS was established by correlating
viewing angle from the cab with area of responsibility. Also,
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TABLE 14.2-1. LOS ANGELES OPERATIONS RATES - CURRENT AND FORECASTED

1976 1087(9)
Operations (000)
Air Carrier 357 513
Air Taxi 64 86
Itinerant 475 600
Total 483 600
Instrument Approaches (000) 49 99

TABLE 14.2-2. LOS ANGELES CONTROLLER STAFFING

Control Position Area of Responsibility
Local Control - 1 (LC1) Southside runways

Local Control - 2 (LC2) Northside runways

Ground Control - 1 (GCl) Southside taxiways

Ground Control - 2 (GC2)* Northside taxiways
Helicopter Control (HC) All helicopter operations
Clearance Delivery (CD)

Flight Data (FD)

*Not normally staffed.
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shown in Figure 14.2-2 is the BRITE viewing area. The large
"footprint" on the floor surrounding the local controllers rep-
resents the area within which an observer will be able to read
the ARTS alphanumerics with 90 percent accuracy. This viewing
area is shown in more detail in Figure 14.2-3.

The viewing area "footprint" is based upon the work in ref-
erance 3. The area applies for alphanumerics 0.25'" high on the
16-inch diameter, 145-raster line BRITE-TV display. Ninety percent
legibility was used since this figure represents tests with no
prior or related information on what was to be read. Controllers
have flight strips, scratch pads, and, above all, mental cor-
relation to assist in reading the alphanumerics which would tend
to increase the legibility.

As seen in Figure 14.2-2, the controllers have good LOS to
their area of responsibility. The only potential interference
would involve Helicopter Conttrvl (HC) particularly when the North-
side Ground Control is staffed. He will tend to block the view
of LC2 when marking his flight strips or scratchpad and LC2 will
tend to block the HC view of the BRITE. Some movement to avoid
this blockage is required but its impact would be slight.

While LOS requirements look good, the flight strip flow ap-
pears laborious. Due to the layout of the cab there would be a
great deal of movement required for Clearance Delivery (CD) to
pass flight strips to Ground Control (GCl and GC2). If CD and
Flight Data (FD) were moved to a location closer to Ground Con-
trol, say at an island near the stairway, the strip flow would
be better but the controllers would interfere with the LOS re-
quirements of GCl when GC2 is not staffed. Therefore, at Los
Angeles, to limit the movement required of CD, the Ground Control-
lers do not use flight strips except in special circumstances.
They use only a scratch pad. CD then hands off the flight strips
directly to Local Control or Helicopter Control for their use.

14.2.2 Current Poor Cab-Visibility Operation

Los Angeles experiences visibility conditions which impact
on airport surface surveillance (poor cab-visibility conditions)
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shown in Figure 14.2-2 isg the BRITE viewing area. The large
"footprint" on the floor surrounding the local controllers rep-
resents the area within which an observer will be able to read
the ARTS alphanumerics with 90 percent accuracy. This viewing
area is shown in more detail in Figure 14.2-3,

The viewing area "footprint" is based upon the work in ref-
eérance 3. The area applies for alphanumerics 0.25" high on the
16-inch diameter, 145-raster line BRITE-TV display.Ninety percent
legibility was used since this figure represents tests with no
prior or related information on what was to be read. Controllers
have flight strips, scratch pads, and, above all, mental cor-
relation to assist in reading the alphanumerics which would tend
to increase the legibility.

As seen in Figure 14.2-2, the controllers have good LOS to
their area of responsibility. The only potential interference
would involve Helicopter Control (HC) particularly when the North-
side Ground Control is staffed. He will tend to block the view
of LC2 when marking his flight strips or scratchpad and LC2 will
tend to block the HC view of the BRITE. Some movement to avoid
this blockage is required but its impact would be slight.

While LOS requirements look good, the flight strip flow ap-
pears laborious. Due to the layout of the cab there would be a
great deal of movement required for Clearance Delivery (CD) to
pass flight strips to Ground Control (GC1 and GC2). 1If CD and
Flight Data (FD) were moved to a location closer to Ground Con-
trol, say at an island near the stairway, the strip flow would
be better but the controllers would interfere with the LOS re-
quirements of GCl when GCZ is not staffed. Therefore, at Los
Angeles, to limit the movement required of Cp, the Ground Control-
lers do not use flight strips except in special circumstances.
They use only a scratch pad. CD then hands off the flight strips
directly to Local Control or Helicopter Control for their use.

14.2,2 Current Poor Cab-Visibility Operation

Los Angeles experiences visibility conditions which impact
on airport surface surveillance (poor cab-visibility conditions)
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about 2.3 percent of the time. This figure is taken from refer-
ence 4 and covers visibilities of less than 1l mile between the
hours of 0700 and 2100 (i.e., the airport's busy period). De-
spite this low percentage, it represents approximately 120 hours
each year.

During poor cab-visibility conditions the ASDE radar 1is used.
Figure 14.2-4 shows the viewing areas for both ASDE and the BRITE
and the controller locations which must be taken to view them.

While ASDE does not present alphanumerics, the same viewing area
that is used for the BRITE is assumed. The requirements which
would dictate this viewing area are target heading discrimination
and position resolution. Test data5 on these parameters is very
preliminary but suggest a viewing area similar to that estimated
for the BRITE. As is seen in Figure 14.2-4, GCl and LC1 share an
ASDE display and GC2, LC2 and HC share an ASDE display. Each of
the ASDE displays is an independent radar channel having its

own range and offset capabilities.

In examining the poor cab-visibility operation, LOS to the sur-
face must be considered. Poor cab-visibility rarely eliminates all
view of the surface and controllers generally prefer direct view-
ing to the radar presentation if possible (e.g., close in to the
ramps). LOS is not included in Figure 14.2-4 to avoid an overly
Cluttered picture. Reference should be made to Figure 14.2-2 for LOS.

As can be seen from Figure 14.2-4, the ground controllers
(GC1 and GC2) must stand away from their station somewhat to see
the ASDE at a good viewing angle. Some movement back and forth
between their station and the radar would be expected to permit
scratchpad marking and a good view of the ramps (if visible),but
the impact would be minor. Southside Local Control (LC1) must
move back away from his station to see the ASDE. Since the view-
ing areas for the BRITE and ASDE intersect, the controller can
view the ASDE without losing the use of the BRITE. However, when
using his flight progress strips, he will have to leave the ASDE
to return to his station as does Ground Control.

The most serious viewing problems appear to occur in the
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Northside between HC and LC2. The local controller has priority
on the use of the surveillance equipment and must move into the
HC station to see the ASDE. HC must either move close into his
station, precluding his use of ASDE, or out away from his station
behind LC2. When out away from his station he can see both the
ASDE and BRITE but cannot keep notes. As LC2 and HC find it nec-
essary to go to their stations to take notes or mark strips,
viewing loss and interference could be a serious problem. This
problem will grow as the number of helicopter operations increases
and when GC2 is staffed regularly impacting on the HC LOS to that
portion of the surface which remains visible (e.g., the helicop-
ter pad itself).

A potential solution to the HC/LC2 viewing problem is to
add an ASDE display to the cab hung beside the Northside BRITE
on a double yoke. This solution is not now possible since the
LAX radar is a special one of-a-kind unit with only two displays
available (see Section 5.2.4.2). However, the Western Region is
in the process of procuring a NUBRITE display system for the LAX
radar at which time a third display could be added, which could
simply be a repeater showing the same presentation as that at
the current Northside location.

14.2.3 Future Los Angeles Operation

The forecasted LAX operations rates are given in Table
14.2-1. Significant growth in operations is forecast, approx-
imately 25 percent overall and over 40 percent in air carrier.

To support this increase in demand, it does not appear that added
runways are planned. Therefore, the two Local Control positions
should remain as they are. An increase in helicopter operations
is contemplated and so Helicopter Control will become a more
active position. Finally, the increase in operations will require
that the Northside Ground Control position (GC2) be staffed more
frequently. An analysis in Appendix C indicates that no more

than two Ground Controller positions will be required but that

GC2 will possibly be staffed on a regular basis.

Major cab related equipment planned for LAX is given in Table
12.4-2. The DDC units associated with TAGS, TIPS, and the BRITE
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Alphanumeric equipment are considered in this analysis. The TAGS
and BRITE displays were considered for installation either in the
console (if there was existing space) or hung from the ceiling in
a yoke to permit turning and tipping. These options are depicted r
as they will be shown in subsequent layouts in Figure 14.2-5.
Although Los Angeles does not today have a control unit or alpha-
numeric keyboard because of the relatively long run required to
the TRACON (located in the. Manufacturing area on Figure 14.2-1),
it was assumed that they would in the future. Digital modems
will probably be available for controls and keyboard based upon
the experiments currently under way in the Tampa/Sarasota termin-
al area. These would facilitate adding these functions to the
Los Angeles cab.

The TIPS display is also shown in Figure 14.2-5. 1In this
analysis it was assumed that TIPS would be pedestal mounted as
suggested in Section 8, but from the floor, not the counter top.
A pedestal mount was assumed to provide the flexibility of ro-
taﬁing or tipping the display. The floor mount was chosen to
better position the quick action entry keys and to improve line 2
of sight and reach to the console. The two pedestal mounting
options are shown in Figure 14.2-6. As can be seen from Figure
A, a counter mounted display will obstruct the controller's view
of the console and even some of the airport surface. This ob-
struction of the surface will be even worse to controllers from
other stations. Being further away these controllers (e.g.,

LC1 looking past the GC1l TIPS) will have less ability to look
over the display. In addition to viewing problems, the counter
mount makes "quick action" keyboard entry awkward. The control-
ler must hold his entire arm up with a sharp bend at the elbow
rather than out and down as in the floor mounted option. In
Figure B, it is seen that a simple keyboard entry is provided at
counter height. In addition, no obstruction to the airport or
console occurs.

14.2.4 IFR Operation in the Late 1980's

14.2.4.1. Equipment Installation
The equipment layout and controller viewing areas for the
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LAX cab in the late 1980's are shown in Figure 14.2-7. The TAGS
display is shown simply replacing the current ASDE. TAGS would
then provide two independent channels with each channel being
shared by a ground and local controller. While sharing TAGS be-
tween ground controllers is not considered acceptable due to the
large number of surface targets, sharing between ground and local
control would probably be acceptable. Each display channel would
identify only the targets corresponding to the user ground con-
troller plus relatively few Local Control targets. To avoid
excessive display clutter, the departure queue would not be identi-
fied and Local Control would rely on the ordering of his TIPS 1list
for this information. The TAGS controls and keyboard would be
located near Ground Control, the primary user. In Figure 14.2-7
the control unit is shown replacing the ASDE control unit and the
keyboard is simply sitting on the counter top beside the display.

The TIPS display units (with "quick action" data entry) are
shown pedestal mounted from the floor as previously discussed ex-
cept for Flight Data. At that location the unit was console
mounted in the space left by the FDEP removal. The TIPS keyboard
is assumed to be integrated with the BRITE keyboard for Local Con-
trol due to anticipated space limitations. This is discussed fur-
ther insubsequent sections and in Section 14.8.1 Item 3. Each
station is assigned a TIPS keyboard with the keyboard simply sit-
ting on the counter near the display except for Northside Ground
Control which is console mounted in currently available console
space since there is no available counter space.

The BRITE displays are located as they currently are. BRITE
controls are added to the console in currently empty locations.
BRITE keyboards are assumed integrated with TIPS keyboards and
are left on the counters near the displays.

14.2.4.2 Equipment Impact on the Operation

The addition of the MSDPs equipment has both positive and
negative effects on the cab operation. These effects are listed
as follows:

Positive Aspects
1) Flight identity is provided to Ground Control via TAGS to
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2)

3)

assist control under bad cab-visibility conditions.

Inter-controller hand-off of flight data is facilitated by
TIPS permitting Ground Control full access to flight data.

The LC2/HC interference problem discussed previously with re-
gard to ASDE and the BRITE is somewhat reduced with the in-
troduction of TIPS. As shown in Figure 14.2-7, LCZ can
simply use the helicopter controller's TIPS in poor visibil-
ity IFR. Such system reconfiguration 1is straightforward for
TIPS. HC must still stand back behind LC2 but he has a clear
view of the tilted TIPS. At 0.25-inch height (as specified),
the TIPS alphanumerics should be legible to HC. However, re-
peated movement away from TAGS to TIPS will be required for
"quick action' data manipulation and entry.

Negative Aspects

1)

2)

3)

Even mounted low, from the floor TIPS may interfere with
access to console mounted controls. However, the controller
can move around TIPS and can rotate and tilt the unit up to
facilitate reaching the console. With these actions the
BRITE and TAGS control units can be reached while keeping
the display in view, but the action is somewhat awkward.
This is probably acceptable for the infrequently used con-
trols but may not be for the "quick look" controls (TAGS

and BRITE) or the TAGS 'two presentation” select feature.

TIPS displays and the TAGS, TIPS, and BRITE keyboards take

up a good deal of counter space. Writing space for note

and record keeping is very limited for both ground control-
lers and for Helicopter Control. TIPS may not eliminate

all note and record keeping. To the degree this is the case,
an alternative space will have to be provided (e.g., 2@ pull
out surface from beneath the counter).

In the case of the GC2 position, limited counter space forces
installation of the TIPS keyboard in available console space.
This results in a very poor location. The controller must move
around the console and swing the TIPS display around to see
the preview area.

The shared TAGS display while acceptable with respect to
14-16
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alphanumeric clutter, will compromise the rquick look™ and
ntwo presentation” select options. When shared, these op-
tions will have to be set up so as to not adversely affect

i)

the local controller. For example, if the options are set
up with Ground Control,the prime user, the identity tagging
scheme or range and offset switched to should not effect

the local controller's use of the system. Figure 14.2-8
shows how the two channels might be set up at LAX. Also
shown is an optional Ground Control range and offset which
might give better resolution in the ramp area due to its
smaller range. This option would not be available to either
ground controller since it would withhold from both local
controllers airport coverage they require.

14.2.4.3 Equipment Options

In response to the negative aspects of the equipment in the
installation hypothesized in Figure 14.2-7, several options can
be defined. These are presented as follows:

1) To correct for the LC2/HC interference, a TAGS repeater may
be hung beside the Northside BRITE display. LC2 and HC would then
remain in their VFR (current) stations at their TIPS displays and
with good view of both TAGS and the BRITE. .

2) To improve access to the TAGS/BRITE nquick look" functions
and the TAGS "two presentation" select, these controls could be
located on the keyboards rather than in the remote control units.

Better still, the functions could be integrated into the TIPS
display/"quick action entry."

3) To provide counter space and improve the TIPS keyboard lo-
cation for GC2, the TAGS and TIPS keyboards can be integrated.

4) To permit more flexibility in setting up TAGS "quick look"
and '"'two ﬁresentation" select options, added TAGS channels could
be provided. Local control displays could be hung beside the
BRITES. However, if this were done an integrated TIPS/TAGS/BRITE
keyboard would have to be provided and space found for the TAGS
controls at the Local Control stations.
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14.2.5 VFR Operation in the Late 1980's
The equipment layout and controller stations for the LAX cab

in the late 1980's with the controllers positioned for VFR opera-
tion are shown in Figure 14.2-9. As indicated only the clearance
delivery controller is moved with respect to the current station
since the console is currently occupied by a field lighting panel
and various landing aid controls/monitors (REIL, VASI). This
slight movement back would not affect Clearance Delivery's pri-
mary duties.

As seen in the figure, the TIPS display units are tipped and
rotated from their IFR orientations to permit the current VFR
positioning. Pedestal mounting permits this flexibility. How-
ever, as in the poor cab-visibility situation, the TIPS may inter-
fere with access to console mounted controls. In addition, if it
is necessary for Ground Control to move close to the console to
see all of the ramp area, TIPS will interfere with this action.
Whether or not this is required at LAX was not determined in this
study.

14.2.6 Overall System Assessment

The equipment installation in a more or less add-on f{fashion
appears acceptable under the following conditions:

1) The Northside Local Control and llelicopter Control positions
should receive at least a TAGS repeater to relieve the inter-
ference problem cited. This would even scem advisable now,
with the ASDE system.

2) The TIPS, TAGS, and BRITE keyboards should be integrated
to minimize their impact on the limited space available.

Even under these conditions, the equipment lecaves very lit-
tle counter space available for note taking, ctc. and alternative
means for providing this may be required.
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14.3 CHICAGO O'HARE INTERNATIONAL AIRPORT (ORD) CASE STUDY

14.3.1 Current Good Visibility Operation

The ORD airport layout is shown in Figure 14.3-1. The
cab is a pentagon and is located adjacent to the airline term-
inal facilities near the center of the airport. The airport’s
runways are operated as two independent operations. The
northside operation utilizes runways 14L/32R, 18/36, 22R/4L,
and 27R/9L; and the southside operation utilizes runways 14R/
32L, 22L/4R, and 27L/9R. Typically, the airport operates four
runways at a time - an arrival/departure pair on both the north
and the south sets of runways. To accommodate arrival traffic
peaks, the airport can operate five runways - arrivals on
14L, 14R, and 9R and departures off 4L and 4R. Current opera-
tions rates are presented in Table 14.3-1.

The controller stations are shown in Figure 14.3-1. These
are located in more detail along with the cab layout6 in
Figure 14.3-2. The area of responsibility for each control
position is given in Table 14.3-2. The six control positions
are staffed on a full time basis.

From Figure 14.3-2, it is seen that LC4 has a good LOS
of his area of responsibility - the northside runways. For
the various runway configurations, both GCl and GC2 must have
a 360-degree LOS capability. To reduce pdtential LOS problems,
both ground controllers have been stationed on the southside

of the cab in good view of the primary airport traffic areas.
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TABLE 14.3-1. O'HARE OPERATIONS RATES - CURRENT AND FORECASTED

1977 ° 1987 °
Operations (000)
Air Carrier 639 663
Air Taxi 76 76
Itinerant 730 740
Total 730 740
Instrument Approaches (000) 48 50

TABLE 14.3-2.

O'HARE CONTROLLER STAFFING

Control

Control Function Station Area of Responsibility
Local Control LC1 Southside runways

LC2 Backup station

LC3 Backup station

LC4 Northside runways
Ground Control GC1 Arrival taxiway traffic

GC2 Departure taxiway

traffic

Clearance Delivery CD
Flight Data FD
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LC1, who is responsible for the southside runways, has a good
LOS of runway 14R/32L. However, LC1 must look between
controllers GCl, GC2, CD and FD in order to monitor traffic
on either runway 9R/27L or 4R/22L. This situation is a
potential LOS problem.

Two BRITE displays are installed in the tower cab. A
console mounted BRITE-2 is located adjacent to both the LC1
and the LC4 stations. The display viewing area at each of the
two stations appears acceptable.

From Figure 14.3-2, it is seen that the flow of departure
flight strips requires some controller movement. The extent
of this movement was estimated from the cab layout and is
presented in Table 14.3-3. GC2, who is responsible for
departures, must move approximately five feet to deliver
flight strips to either the LCl station or to a LC4 flight
strip receiving tray located over the stair well at the center
of the tower cab. This movement may cause a problem during
low visibility operations when GC2 shares the ASDE display
with GC1 and LC1. As seen in Figure 14.3-3, GCZ is at the
outer edge of the display viewing area when he is standing at
his station. In delivering strips to the LC4 receiving tray,
GC2 is forced to move beyond the acceptable ASDE viewing
area and to lose contact with the on-going traffic

situation.
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TABLE 14.3-3. O'HARE CONTROLLER MOVEMENT

Controller Movement to

Deliver Departure Flight Strips

From To Approximate Distance

FD CDh 2 FT

CcD GC2 2 FT

GC2 LC1 5 FT

GC2 LC4 6 FT (to strip tray located over
stair-well at center of
Tower CAB)
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14.3.2 Current Poor Visibility Operation

ORD experiences visibility conditions which impact on
airport surface surveillance about 2.3 percent of the time.4
This number represents all visibilities under one mile between
0700 and 2100 and totals about 118 hours each year. ORD has
two Category II equipped runways - 141I and 14R.

Two ASDE displays are installed in the tower cab,

Figure 14.3-3. One unit is console mounted next to the LC4
Station and is used solely by that controller. The second
unit is console mounted between the GCl and LC1 stations and
is shared by those two controllers and GC2. The display view-
ing areas are acceptable for GCl and LC4. However, LC1 and
GC2 may experience some difficulty in viewing the shared ASDE
display. 1In addition to operating at the edges of the display
viewing area, LC1 and GC2 may find GC1 blocking their views

of the console mounted display as he moves about his station.

Each of the ASDE displays is an independent radar chan-
nel with its own range and offset capabilities. Figure
14.3-4 shows range and offset setups for both ASDE displays.
They are in keeping with the areas of responsibility of the
display's viewers. LC4 has his display setup on the northside
runway complex. The display shared by LC1, GCl1, and GC2 is
setup>to cover the southside runways and the taxiway network.
Depending on the operational southside runways, the coverage
of this second ASDE presentation can be extensive. However,

both ground controllers at times prefer a more compact
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The forecasteqg ORD Operations rates are Presented in
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- anticipated, The airport layout ang the tower cab Staffing

The major cab related €quipment Planned for ORD is given
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number of surface targets, a third TAGS display is shown as
ceiling-mounted over the GC2 station. Consequently, LC4 and
GCZ have individual TAGS displays/channels and LC1 and GC1
share a TAGS display/channel. 1In Figure 14.3-5 the control
units are shown as replacing the ASDE control units or in
vacant console areas and the keyboards are shown as sitting on
the counters beside the displays. For the shared display, the
TAGS control unit and keyboard are located near GC1l, the
primary user.

The TIPS display for FD is shown replacing the console
mounted FDEP. The TIPS display for CD is also console mounted
in the space currently occupied by flight strip trays. The
four remaining TIPS displays are pedestal mounted from the
floor and cut into the counter. The TIPS keyboards are
located on the counters near the displays. To reduce the
number keyboards for local control, the TIPS keyboard is
assumed to be integrated with the BRITE keyboard at that
position.

The BRITE displays/controls are located at their current
positions. The BRITE keyboard is assumed to be integrated
with the TIPS keyboard and Positioned on the counters near

the displays,

14.3.4.2 Equipment Impact on Future O'Hare Operation

It is estimated that the addition of the MSDPs equip-
ments in the manner just described would have the following

operational impact:
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3)

4)

reduced counter space will be most apparent for

GC2. As seen in Figure 14.3-5, GC2 has little
remaining counter space for note-taking or for
personal use,.

The TAGS display shared by LCl and GCl will com-
promise the display presentation and the utilization
of the unit's quick look and two presentation select
features.

The counter locations of the TIPS keyboard for LC1
and LC4 are somewhat inconvenient, requiring rotation
of the TIPS display to see it when making entries. The
anticipated infrequent use of the keyboard may make

this situation operatiobtidlly acceptable.

In response to the negative aspects of equipment installation

hypothesized in Figure 14.3.5, several options have been defined:

1)

2)

3)

To improve access to the TAGS/BRITE quick look and
the TAGS two presentation features, these controls
could be located in a more central position, such as
the keyboards or as part of the TIPS display quick
action entry device.

To provide more counter space, the TAGS keyboard
could be integrated with the TIPS and BRITE key-
boards. An alternative solution is to provide a
pull out surface from beneath the counter.

To eliminate the TAGS display shared by LCl and

GC1 with its compromised control features, a fourth
display/channel could be provided. This display

could be ceiling mounted at the LC1 station.
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14.3.5 VEFR Operation at O'Hare in the Late 1980's

The equipment layout and the controller positions for
VFR operations are shown in Figure 14.3-6. Clearance
Delivery and Flight Data are both seated at their TIPS con-
soles. All the post mounted TIPS displays have been tipped
"face up" and rotated so as to provide the controllers
access to their station consoles. During IFR operations, both
local controllers would tip and rotate their TIPS displays
in order to better position themselves to view both the TAGS
and BRITE displays, Figure 14.3-5. The post mounted TIPS
displays will tend to have controllers standing somewhat
farther back from their stations than is current practice.
The ability to tip and swivel the TIPS display requires this
standback from the stations to only be a matter of inches.
However, this standback may compromise the controller's
ability to reach station controls and to view the ramp area
traffic to some extent. Whether this would be the case or

not at ORD was not determined in this study.

14.3.6 Overall O'Hare System Assessment

The equipment installation in an add-on fashion in the
ORD tower cab appears acceptable with some reservations. In par-
ticular,‘counter space remaining to the four controllers along the
south side of the tower cab for note taking and for personal
use may not be sufficient. Controller requirements for

counter space were not determined in this study.
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14.4 ST. LOUIS (STL) CASE STUDY

14.4.1 Current Good Visibility Operation

The STL airport layout with the cab location is shown
in Figure 14.4-1. The cab is a pentagon and is located on
the southside of the airport. The parallel runways located
in the center of the airport are used more heavily, about

90 percent of the time.1

With arrivals from the East, 30R is
used for both the arrival and departure of general aviation
aircraft. and 30L is used in the same mode (i.e. single runway
mixed arrivals and departures) for air carrier operations.
With arrivals from the West, 12L is operated in the single
mixed mode for general aviation and 12R is used for air carriers.
In addition to the single mixed mode, 12R is sometimes
operated with departures from runway 6. The air carrier
terminal is located East of the tower, while general aviation
facilities are scattered about the airport. General avia-
tion traffic represents a significant portion (32%) of the
traffic at STL. Military operations out of the facilities
shown in Figure 14.4-1 are relatively low in volume (4%).
Current operations rates are shown in Table 14.4-1.

The controller stations are indicated in Figure 14.4-1.
These are located in more detail along with the cab 1ayout7
in Figure 14.4-2. The area of responsibility for each
control position which was assumed for this study is shown

in Table 14.4-2. These were based upon the airport layout

and runway configurations and were not discussed with local
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TABLE 14.4-1. ST. LOUIS OPERATIONS RATES - CURRENT AND FORECASTED

1976 1987

Operations (000)
Air Carrier 175 280
Air Taxi 29 60
Itinerant 320 413
Total 321 415
Instrument Approaches (000) 10 29

TABLE 14.4-2. ST. LOUIS CONTROLLER STAFFING

Control Position

Area of Responsibility

Local Control - 1 (LC1)
Local Control - 2 (LC2)
Ground Control - 1 (GC1l)

Air Carriers (12R/30L)
General Aviation (12L/30R)
Primary Ground Control

General Aviation traffic taxiing
North of 12R/30L

Ground Control - 2 (GC2)*

Clearance Delivery (CD)
Flight Data (FD)

*Authorized but not normally staffed.

TABLE 14.4-3. ST. LOUIS CONTROLLER MOVEMENT

Movement Approximate Distance
Flight data to Clearance Delivery 7 FT
Clearance Delivery to Ground Control 1 5> FT
Clearance Delivery to Ground Control 2 14 kT
Ground Control 1 to Local Control 2 7 FT
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tower personnel. Based upon the analysis in Appendix C,
it was assumed that GC2 is not normally staffed, but is
only used during unusually high traffic peaks.

From Figure 14.4-2, it can be seen that in the primary
runway operation both local controllers have a good LOS.

If departures are released off of runway 6, LC1 would
probably issue the clearance since he controls 12R/30L, the
intersecting air carrier runway. It appears that LC2 does not
interfere with this LOS requirement but that GCZ, if staffed,
might interfere somewhat. When GC2 is not staffed, GCl1 does
not have clear LOS. Both local controllers stand in his way
of the northwest general aviation facilities and their
associated taxiways to 12L/30R. Either GCl must walk over
between LC1 and LC2 or LC2, assumed to be the general
aviation local controller, could act as ground control for
taking general aviation traffic in this area. It is assumed
that GC2, who cannot see the air carrier terminal very well,
would perform this general taxi function when staffed.

Two BRITE displays are installed in the tower cab. A
BRITE-1 is pedestal mounted from the counter in the North
corner of the cab and is shared by the two local control-
lers. The BRITE-1 has a 12-inch diameter tube versus the
16-inch tube of the BRITE-2 and BRITE-4. The unit is smaller
overall and is shown as such. 1In addition, due to the

smaller picture (alphanumeric height), the viewing area
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"foot print" is also scaled down from that shown in
Figure 14.2-3. Nevertheless, the viewing area appears
acceptable for shared local controller use.

The other BRITE display is a BRITE-2 located on the
counter at the Flight Data positioﬁ. This unit permits use
of the preview area for ARTS data interchange. For example,
STL is a TCA (Group II) and may use this interface for VFR
beacon code assignment. The ARTS keyboard is shown between
FD and CD. It sits on the console and can be moved. The
BRITE viewing area permits use by either FD or CD.

From Figure 14.4-2 it can be seen that the flight strip
flow requires a good deal of controller movement. The extent
of this movement is estimated from the cab layout7 and is
shown in Table 14.4-3. The problem is particularly acute
when GC2 is staffed. As at Los Angeles, STL may not use
flight strips at the GC2 position and instead may rely solely

on a scratch pad.

14.4.2 Current Poor Visibility Operation

St. Louis experiences visibility conditions which
impact on airport surface surveillance about 1.3% of the time.
This figure is taken from Reference 4 and covers visibilities
of 1e§s than 1 mile between the hours of 0700 and 2100.
Despite this low percentage this represents approximately 66
hours each year. St. Louis is not Category II landing system

equipped.
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STL does not have an ASDE-2 radar. In poor visibility
conditions the controllers must rely on pilot position
reports by radio voice communication. The cab viewing areas
and controller locations would remain as shown in Figure

14.4-2.

14.4.3 Future St., Louis Operation

The forecasted STL operations rates are given in
Table 14.4-1. A large amount of growth is estimated (29
percent overall) with the greatest increase in air carrier
operations (60 percent). To satisfy this demand
it is expected that runway 12L/30R will be extended to permit
air carrier operations.8 The 12L/R or 30L/R runways could
then be operated in a dual lane mode for air carriers or in
the single mixed mode as they are today with air carriers on
both runways. In either case, no more than the two current
local control positions would be required.

With total itinerant operations of 413,000, the GC2
position will be staffed more frequently than at present.
With air carrier plus air taxi operations exceeding 320,000
per year, the use of GC2 for general aviation alone may not
be possible. If GC2 is to control air carrier and air taxi
operations in the terminal/ramp area and adjoining taxiways,
it may be necessary to locate him on the northeast face of
the cab to provide the required LOS. However, in this study
GC2 was kept at its current station rather than to invent

a new cab layout.

14-45



The major cab related equipment planned for STL is
given in Table 12.4-2. The DDC units associated with TAGS,

TIPS, and the BRITE alphanumeric equipment are considered.

14.4.4 STL Operation in the Late 1980's

14.4.4.1 Equipment Installation

The equipment layout and controller viewing areas for
the STL cab in the-late 1980's are shown in Figure 14.4-3.
A BRITE-4 has been shown replacing the BRITE-1. The BRITE
which is now used by FD or CD is not shown since TIPS would
provide this ARTS interface. The TIPS display for FD is
shown console-mounted in the space made available by remov-
ing the FDEP. The TIPS display for CD is also console
mounted in the space currently occupied by the flight strip
trays. The four other TIPS displays are pedestal mounted
from the floor and cut into the counter. All TIPS keyboards
are simply sitting on the counter.

Two ASDE-3 displays are shown, each shared by a local
and ground controller. The displays are hung from the
ceiling since console space is not currently available.

Each display is assumed to be an independent channel. The
associated controls are console-mounted in space made avail-
able by the removal of flight strip trays. Thus, this
configuration is dependent upon TIPS being installed before

or at the same time as ASDE-3. However, the dependence
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is not serious since if ASDE-3 precedes TIPS, the ASDE-3
controls can simply be seated on the counter as are the 