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b Abmett Ay ia report summacites the principsl results of the study of the integration
into the tower cab of the maysatems being developed vnder the Major Svitema Deve lopment
Programa (MSDP).

The impact ol these ayetems on the tower vab (s analyred (rom several soincs

of view:
[ ’l) The phyrical integration of the cquipment in Lhe towey vab and on the airv
port suvface,

{2} The eoffect of the introduction of the new mvatems on the operations in the
tower cab,

Y3) Numan factors aspects of the integration,

4) Interface between the new systome and between the now and oxisting
aystem, and . . .

{5 Failure modes in the cab after the new aystems have been introduced. o]

The three interim reports of which thin i2 the summary are: Report Nos. FAA-
EM~77-10/({DOT-TSC=FAA=T7=19) entitled "Characterization of Current Tower Cab Eaviron-
wents,” dated November 1977 (210 pages); Report None. FAA-EM=77~ 16/ (DOT-TSC-FAA- 782 )
entitlod “Tower-Relatcd Major Syatem Developmeut Programs,” o ited Maveh 1978 (284 :
pager); and Report Nom. FAA-EM-78-10/(DOT-TSC-FAA-78-6) cntitled “Svatems Integration
Analyaiz (or Future Tower Cab Conligurationa/Systeme” dated June 1972 (314 pages).

N . ‘\.\‘
2 SRR I i ‘o
17, Koy Wards . . Diawidutien Jtavament ]
Tower Cab, hajor Systems Development DOCUMENT 18 AVAILABLE TO THE US PUBLIC
0 . ~ . : a |9 [
Programs, TIPS, TACS, ASDE-), Wind Shear, THRAOUMM THE NATIONAL TECHNICAL

Wake Vortex, Licalized Contraller Stationy INFORMATION 8LAVICE, BFAINGFILLD,
DARS, HLS, ARTS 11, ARTS 111 Qi 22101

WF. Seaueity Cleoanth (of thin reportt . Gawwrity Clasnil. (ol Wiy poge? T de. ol Fogen | 22 Puee
Unclansificd Inclarsificd q2
— o
. Farm DOT P 170607 n-r» Repmduetian of sompieted page setherined :’;/ L
t [ X} »
oy tl ———k { ()
i




o ———

———— ———

YU TS

PREFACE

This report was prepared under Project Plan apgrecment FA-844
"NMajor System Development Pregrams Integration Analysis,” sponsored
by the Federal Aviation Administration, Office of Systems Enginrer-
ing Management. It is a summary of threce interim reports* which
report on the three pha<es of a study of the impict on the tower
cab environment of introducing Major Svstem Development Program
(MSUP} elements into the CONUS ATC system.

The material summarized here is the work of a team of TSC
engineers and scientists: J. Belliantoni, R, Bland, I, Clapp,
J. Coonan, D. Devoe, .J. Dumanian, E. Hilborn, V. lobbs, 1. Kuhn,
L. Maddock, A. O'Brien, .. Raudseps, P. Rempfer, and L. Stevenson,

The coatribution of the many FAA personnel who invested both
time and encrygy in the study must also he acknowlcdped.
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*Report Nos, FAA-TM-77-10/(DOT-TSC-FAA-77-19), "Characterization
of Current Towcer Cab Environments', November 1977 (210 pages);
‘Report Nos. FAA-EM-77-16/(DOT-TSC-FAA-78-2), "Tower-Related

Major System Dcvelopment Programs,' March 1978 (28R pages):

and Report Nos., FAA-FM-78-10/(DOT-TSC-FAA-T8-6)," Svstems Integra-
_tion Analvsis for Future Tower Cab Configurations/Systems,’” June
1978 (314 pages).
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1, InTRODUCTION

The tower cab integration analysis was unde~taken for the
purpese of identifying issues or problems associuted with the
introduction of new wajor systems into the existing ATC svstem's
tower cab environment, and, where feasible, to postulate solutions
or identify areas for further investigation by the FAA. The study,
therefore, examined "first-level” issues. The conclusions drawn
or solutions proposed are preliminary in nauture, and are intended
to be the foundation Jor more detailed studies or experiementation
to verify feasihility and/or identify lower-level prohlems.

The integration analysis project was carried out over a nine-
month period, January through September 1977, Jdivided into tuicc
phases of approximately three months e¢ach, Fully two-thirds of
the effort was devoted to examination, characterization, and docu-
mentation of first the cxisting tower cab environment, and then
the various new major systems which could impact upon it. This
left a rather limited amount of time for the task of integrating
the information and performing the requisite analvsis. It was
necessary, therefore, to structure the analysis into a set of
parallel independent studies to cxamine the integration problem
from several points of view. While the results of eiach of the
independent study efforts was cxposed to an exchange review and
critique, there was ao opportunity to perform a second iteration
through each study to resolve points of contention.

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

1) Each tower cab is essentially unique in lavout, use of
space, and the variations employed in combining controller posi-
tions, making generalizations and standardization extremely dif-
ficult.

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

3) The infroduction of several large pieées of new equipment
inte "busy' tower cabs is likely to create problems in terms of _
space and operations without rearrangement of work stati.ns and/or
integration of some equipment. '

4) Scveral of the proposed r~v major systems (TIPS, TAGS,
ASDE, and ARTS-BRITE) will resulr in relatively large tower cab
displays.

8) Several of the new major systems which were considered
have only a minor link with the tower cab (e.g., MGS): the design
of several other systems have not been sufficiently well defined,
at the time of this stud,, to asscss their impact on thc tower
cab from an operational, equipment-space, or human facters point
of view with a high degree of certainty (WVAS, WSD, and DABS data
link}.

6} Several of the new tower-related major systems independ-
ently involve the use of sensors at the airport site.

7) Many of tiie new major systems involve new computer sys-
tems or requiremcnts for computer system's resocurces or iuter-
faces.

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

A set of autonomous study activities was formulated to address
these points. The results are presented as follows:

Points 1 and 2, generalization of the tower cab environment
and the integration of total cab information, are considered in
the section on Human Factors Aspects,

Points 1, 3, and 4, the unijueness of tower cabs, and the
expected introduction of large displays into the cab from several

new major systems, are considered in the Operational Aspects
section,
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Peint &, the poassible impact of new major svstems for which
design concepts and ‘or design Jetails ave not vet firm, is con-
sidered in the sectlion ou Tunctional and Pate Processing Aspects,

.

Fotat ‘6, integration of seveval svstems niilizing sensers
deploved over the airvport surtace is Jiscuzmsed in the section eon
Operational Aspects,

Foint 7, vomputer sviten requitenents, is addressed in the
Functicnal and Data Processing \spects section.

An a result of point 8, 1935 to 1990 depicvraent of most svs-
ters, the tine-phasing ot svster installation betuween 1978 anld

the late 19303 was not considered as a vital issue,




) 2. TOWER-RELATED MSDP SYSTEMS DESCRIPTJONS

This scction contains short descriptions of those aspects of
the system helng developed by the Mijor Syatems levelopment I'ro-
grams that affect the tower c¢ah operations and environment.

2.1 AIRSPACE SURVEILLANCE

The new MSDP syxtems which have to do with airzpace surveil-
lance are ARTS 1ITA, ARTS 11, DARS, and AMPS,

2.1.1 ARTS [1IA

The ARTS 111 system helng tn operation at o alrports through-

out ihe country, an enhancement to the svstem called ARTS THIA is

. being procured for use at the 26 largest airvports, The eahance-

‘ ments heing procured will provide the terminal area ATC svstem

. with new functions and capabilitles by means of new hardware

J clements and software modules. The new hardware modnle” to he
designed and procured will provide three new capablilities;
multiprocessor operations, remote data acquisition and display,
and use of primary radar in target-tracking. New software, in-
cluding a multiprocessor execcutive, will provide tor the can-
t i nuous recording of critical data, antomntic fault detectlon and
isolation, and automatic reconfiguration and restart. These will
result in fall-safe, fall-soft 24 -hour operation ol the syxtem,
Additional software wlll provide fav tracking by beacon and/or
primary radar of all targets within coverage. The modular con-
struction of the software will allow the later additlon of new
operational functions such as conflict alert and metering and
spacing. [Even the basic ARTS 111 svatems will he upgraded with
the criatical data-recording capability,

In the tower cah, the effect of introducing ARTS TLIA will
. appear on the RRITE dixplay with which cach of the cabs azsociated
with ARTS 111 iz equipped. Tracking will appeay hotter - more
consistent, with fewer false tracks -~ and the svstem will be

available continuously, 4 hours a dav,

2=




Eventually, new, all-digital displays may come into usc,
these will provide better, brighter pictures at more towers (e.g.,

'those remote from the TRACON but within coverage of the sensor).

The ARTS 1IIA systems are scheduled for installationduring 1978,
1979, and 1980; remote and all-digital displays are still under
development and would not be ready before 1985; conflict alert and
metering and spacing are also under development and probably could
not be implemented before 1980. :

2.1.2 ARTS II

The ARTS Il is an air-surveillance, data-processing, and
display system for use in small to medium terminal area ATC sys-
tems. It is modeled after the ARTS IJI system, but is implemented
with simpler, less expensive equipment. Provision is made in the
design for both TRACON and TRACABR installations. The principal

"difference between them is in the display subsystem, which con-

sists, in the TRACON version, of a number of plan-view-type Jdis-
plays and one tower BRITE subsystem; and in the TRACAB, of a number
of tower BRITE's only. The system is composed of three subsystems
which perform the functions of data acquisition, data-processing,
and data entry and display.

The Decoding Data Acquisition Subsystem (DDAS) (1) accepts
beacon video and azimuth information form a radar/beacon subsys-
tem, (2) digitizes and decodes it, and (3) transmits video to the
display subsystem and digital data to the computer. There are,
besides various control signals, three kinds of input to the DDAS:
video, triggers, and antenna synchronization, The DDAS then dis-
tributes video to the display subsystem, digitized range and
azimuth data to the computer, and synchronization data, if re-
quired, to external equipment.

The Data Processing Subsystem (DPS) is made up of a Central
Processor Module (CPM), a number of memory modules, input/output
(I1/0) channels, peripheral adapter and control modules, and a set
of peripheral equipment,

2-2




Two basic types of Data Entry and Display Subsystems (DEDS)
have hcen developed, one which is a newly developed, self-contained
unit for TRACON use, and n second which provides output through
existing.BleE subsystems for use in TRACAR and towers. The com-
puter interface to be supplicd with the BRITE cquipment will be so
designed that the BRITE Subsystem will appear to the computer
to be exactly the same as the TRACON display subsystem. Therefore,
the TRACAB and the TRACON may he secrviced by the same computer
program without diff{crentiation as to cquipment, and also, a
tower BRITE position can he treated as if it were a TRACON position.

The ARTS 11 computer program is organtzed as a Master Control
Subprogiam, and {our major operational subprograms:

a., Input Processing,

b. Functional Processing,

¢. PReacon Input Processzing, and
d. Display nutput Processing.

The Master Contro) subprogram schedules the operation of the opera-
tional subprograms in response to timer interrupts, external in-
terrupts, and flags set by other subprograms.

The Input Processing Subprogpram processes the inputs from all
of the devices connected to the DPS: the NDAS, the DEDS, system
peripherals, and, if present, interfacility Teletype linss on
high-speed modems. The Functional Processing Subprogram is a
collection of routines which carry out all of the requested mani-
pulations of flight data, maintenance of €light Jdota tables in the
memory, and selectlion of data from these tables for display,

The Beacon Input Processing Subprogram is responsible for
accepting beacon reply messages (after they have been buffered
by the Input Trocessing Subprogram} on a sweep-to-sweep basis, and
for producing target reports containing range, azimuth, heacon
code, and mode € code, the last-namcd bheing converted to altitude
by the appropriate Functional Subprogram task mentioneid above.

The Display Output Processing Subprogram has the fob of pre-
paring and maintaining all Jisplav tables used in the svsztem, and




of managing the I/0 command lists In such a way as to insure that
all of the requirced data are displayed.

The ARTS Il systems are scheduled for installation during the
period 1977 through 1930,

2.1.3 DABS

The Discrete Address Beacon System (DABS) is a surveillance
system under development which

1) 1is compatible with the current ATCRBS,

2} relieves certain interference and capacity problems of
the ATCRBES,

3) provides increased precision in the measurement of air-
craft position, and

4) incorporates a two-way digital data link which could be
used for ATC or other use, .

These system characteristics are made possible by a careful system
design which uses a site-located data processor to schedule and
manage the communication channel, and monopulse tracking both to
increase the precision of measurment and to decrease the numher

of interrogations needed per target.

The effect of DABS on the tower cab operation will be largely
indirect, appearing as better tracking in the ARTS system as
displayed on the BRITE display in the cab. If the data link were
fmplemented. some of the communications load on the controllers
could be relieved.

The DABS is still in the development state; the earliest
deployment would be in about 198S.

2.1.4 ATCRBS Monopulse Processing System (AMPS)

In the DABS design, RF radiation time is shared between DABS
and ATCRBS. To provide DABS with enough time to carry out all of
its funcfidns. the ATCRBS share is set at around 25 percent. The
effect of this reduction is to cut down the number of ATCRES re-
plies received from a target from about 20 to about S5 as the bheam

2-4




passes it. Since the current target-detection algorithm ured in
ARTS and the Common Digitizer {CR) will not work with so few hits,
2 new schere had to he developed., The scheme proposce  with AMPR
uses loqopulsc tracking, whercin the return from cach pulse of
radjated energy gives information on hoth rarve and angular dis
tance {vom the centerline of the receiving antenna. Thus, o single
return is sufficicnt to determine position although in practice,
three or four returns are averaged to insurc accuricy.

Three groups arc working on the monowlse processing, cach
with its own point of view. 1The sysiem hailt by MIT's Lincoln

Laboratory and ARD-240 uscs the latest, mast-sophisticated desipn,

-and is a mohile unit mounted in a van, It wil! bhe aperated under

varying conditions in many parts of the country 1o test lar op
vironmental and interface cifects in actual working surrounding-..
In use, the van is parked as near the transmitting antenna s
possible, and the recciving antenna is aligned and syndhronized
with it., Triggers arc picked of I from the tronsmittor amd used to
synchronize the monopulse receiver, whose output can be recorded
on tabc for later analysis.

In the meantime, Texas Instruments, tnc., has huilt o very
similar device and packaged it as part of the DABS site cquipment,
This receiver will he integrated into the rost of the system, ol
tested for compatihility and performiance during DABS development,

The third version of the cquipment has been built tor ARD 122
by UNIVAC, and is combincd with a Moving Target Uetcotor (M1
into a unit which is called the Super-SRADP, ar SRAIM 11, in refe
cnce to the Sensor Recciver and Processar (SRAP) heing doevelaped
for the Enhanced ARTS 111 program., The Super-SRAP will he usced at
NAFFEC in a program to devclop and optimize the ARTS software in
volved with use of this cquipment,

The monopulse cquipment can he usced as part ol the NECEES Glone
or as part of the DABS, where it handlen the ATCPES portion of tie
processing. Il used alone, it consists of 4 now (receiving)

wntenna, a multi-channcl receiver, and a digitizer-proce-nor,  The

output af the processor ix sent hy phance line to the 2F15 (or P10 )




pr~cessor for use, If used with DABS, it consists of the receiver
“and digitizer-processor, whose output is used at the DABS site to
develop the final outputr t2 the ATC processors.

The AMPS is only in the development phase; if it were to be
deployed, it would be about 1985, '

2.2 AIRPORT SURFACE SURVEILLANCE

Two related MSDPs will contribute to the surveillance of
traffic on the airport surface. The first is the ASDE-3, a new
airport surface detection radar; the other is the surveillance
data-processing and display system called Tower Airport Ground
Surveillance (TAGS) system,

2.2.1 ASDE-3

ASDE-3 will be a primary ground-surveillance radar intended
to replace ASDE-2 at the current ASDE-2 sites, and to permit a
wider deploymeut than is now present with ASDE-2. The unit will
have the same antenna-rotation rate as ASDE-2 (60 RPM) and a Dis-
play Enhancement Unit (DEU) to imprcve the airport map and elimin-
ate unwanted ground clutter, The bright display will likely bhe the
NU-BRITE display recently developed for ASDE-2, However, as an
alternative to NU-BRITE, a digital-scan conversion system will he
developed for use with the ASDE-3 engineering model. ASDE-3 will
be a modern solid-state radar. Reliability will be high., In addi-
tion, the system parameters will be considerably differcnt from
those of ASDE-2 in order to improve the system performance during
heavy precipitation. ASDE-3 will be developed to be compatible
with the recently developed NU-BRITE. Except for improved rainfall
performance, ASDE-3 will look (in the cab) the same as ASDE-2 with
a DEU and the NU-BRITE.

ASDE-3 is currently in the developﬁent phase., If it were
procured, the earliest installation would be about 1982.
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2.2.2 TAGS

ASDE-3 will provide the cab with & plan-view display of the
Alrport Movement Area (AMA) and the location of surface traffic
on the AMA. The purpose of TAGS is to add flight-identity infor-
mation to such a plan-view display. The objective is to eliminate
the need for the controllers to use the voice channel to obtain
flight identity as is now done with ASDE-2. The chief user of
TAGS will be Ground Contrel (GC) although it will alsc be provided
to Local Control (LC).

Several TAGS concepts are currently under consideration for
development. The most likely to be developed is one with its
presentation based upon ASDE-3 (with DEU) and its identity infor-
mation provided by ATCRBS trilateration. Therefore, TAGS will
probably look the same as Figure 2.2-1 to the controller. This
system will require two different surveillance systems, ASDE-3 to
present a plan-view display and ATCRBS trilateration to provide
identity and aircraft location to permit tagging each radar target,
Since the system will combine both sensor systems, it is termed a
hybrid system. The TAGS sensor, in this case called ATCRBS trila-

. teration, does not use the beacon in a secondary radar mode but in

a special ground-surveillance mode, Special interrogators would
successively scan small cells (150 by 150 feet) on the airport-
movement area, one at a time. The beacon signals would be received
at multiple receiver stations, and the beacon location determired
by trilateration computations. DBeacon code would also be received
and recorded. As with digitized radar, the positiun data would be
processed by a filter tracker to provide smoothed position and
velocity. Unlike digitized radar, beacon code would also be avail-
able. Automatic correlation with flight plan data teadily obtained
from ARTS would eliminate the need for nearly all mapual entry by
the contreller. A functional block diagram of the trilateration
sensor portion of TAGS is given in Figure 2.2-2.

If TAGS weTe to be procured, it would probably be first in-
stalled about 1985,
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2.3 TOWER FLIGHT DATA PROCESSING -- TIPS

TIPS will accept, process, distribute, and display flight and
other non-radar Jdata for an entire teriminal area. The svstem will
replace the trav of paper-flight strips at each tower cab and
TRACON control position with electronically displaved data on a
new tabular display.

TIPS will interface with the host NAS computer and the ARTS
111 computer by mcans of the Terminal Flight Data Processor (TFDPY,
This processor will be collocated with the ARTS 111 computer, and
will maintain the data base of flight and other non-radar Jata for
the vntire terminal area. The data base will be made up of flight
data jrovided by the host NAS computer and hy the terminal area
controilers by means of their individual keyboards. The stored
data will include all terminal flight plans and control informa-
tion, such ax IFR flight plans, VFR flight data (e.g., TCA-related
information), airport status, Notices to Airmen (NOTAMS), active
runwavs, Automited Terminal lnformation Service (ATIS), and mete-
orological data. 1In addition to maintaining this data hase, the
TFNP operational program will process and route incoming messages

.to their proper destinations, will provide flight Jdata to the host
" ARTCC, TRACON, and client contral towers in a timely manner, and

will automatically compute runway assignments for operations at
the client control towers,

TIPS has developed a scheme for routing data from one control
position to its handoff control position that requires a minimum

" of buttonpushing on the part ol the controller. This scheme is

hased on TIPS having knowledge of the tunway assignments of the
arrival and Jdeparture operations in the terminal area. To reduce
the number of runway assignments that controllers would be required
to'input to TIPS, TIPS will automatically compute aml display the
routine runway assignment for each arrival and departure opcration.

o=l
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Only when the assignment ix in error, would a controlles be re-
quired to make an input to TIPS,

The Terminal Flight Data Processor will interface with a s&t
of display processors. There will be a &isplay processor for the
TRACON and one for each client tower cab being serviced by TIPS in
the terminal area. FEach display processor will maintain the TIPS
display presentations at that facility, will prorsss controller

“inputs, and will perform svstem-monitoriag and coutrol fusctions,

The processor will be programmed to permit operational positions
to he combined, split, o shifted from one display and data entry
unit to another,

Each tover cab and TRACON controller will have a tabular dis-
play for flight data and two data-entry devices. One data-entry
device will be an ARTS [IT-1like kevhoard, and the second data-
entry unit will be a “quick action” Jdevice. 1In addition, TRACON
radar controllers will be able to disxplay summary flight Jdata on
their Plan-View Displavs on a "quick look™ hasis,

TIPS installations will take place, under current schedules,
between 1982 and 1085,

2.4 WEATHER-RELATED SYSTEMS

There are three 50-called weather-related systems within the
Major System Development Program:

1. Vortex Advizary System (VAS),

2. Wake Vortex Avoidance Svstem (WVAS), and

3. NWind Shear Detection System (WSDS).

2.4.1 Description of VAS

The VAS consists of a Metcorological Subsvstem, including
towers, wind sensors, and tower communications; a Microprocessor
Subsystem, which includes processors for the meteorological data
and for the VAS algorithm; and a Nisplay Subsystem, comprising a
runway display for the controller, a svstem-status display, a
maintenance display, and a recording capability.




2.4,.1,1 Meteorological Suhsystem

a. Metecrological Towers

The VAS contains a network of instrumented meteorological
towers whose signals are transmitted to a centrally located pro-
cessor, which uses a simple algorithm to determine if wind condi-
tions will nllow vortices to persist, and then disptuys this nfor-
mation to the controllers. The tower network censists of seven
50-foot meteorological towers positioned to measure the wind close
to each operating corridor,

b. Meteorclogical Sensors

Each tower is instrumented with three wind-velocity sensors,
cne at the 50-foot level and the other two at the 47-foot level.
The 47-foot sensors are mounted on opposite sides of the tower to
provide a measurement undisturbed bv tower shadowing.

c. Tower Data Communication

Transmission of the data from the set of widely dispersed
towers to the centrally located processor is accomplished with
standard hardware. On each tower, a multiplexer successively
samples the sensor outputs and converts them to a digital word.
This word is serialized and transmitted over standard existing FAA
control lines to a central facility where receivers reconvert the

‘data to a parallel format for input to a microprocessor.

2.4.1.2 Microprocessor Subsvstem

Individual microprocessors are used to process the data re-
ceived via a signal wire pair from each metecorological tower, The
micropreocessors contain 8K of Read-Only-Memory and 8K of Random-
Access-Memory. Each microprocessor is packaged cn a single plug-
in board, an Intel Model SBC &0/20.

The microprocessors sample the metcorological data output from
each data receiver at a rate of two samples per sccond. The sampled
wind speed {(R) and wind direction (@) are used to compute one-
minute running averages (R and 8).

t2
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. The VAS processors output laheled data onto a data bus with
the following information for cach operating region: ¥ to 1 knot,
0 to 10 degrees, gust (Lf applicahlo) to 1 knot, the vortex con-
ditlon RED or GREEN for ench landing runway, and failure messages.

. 2.4.1.% Display Subsystem

ﬁ' a. Runway Monitor Display ([(RMD)

}' ‘ The system interfaces with the air traffic controllers via the
. X VAS Runway Monitor Display, The controller selects the operating

5\ corridor, and dexlgnates elther the arrival [A) or departure (D)

funuay. The display thereafter accepts data with the corresponding
. labe)l from the lInta bus. The controller dispiay provides in digi-
: . tal form the wind dircection, magnitude, and gust in the selected
P region. I arrivals are heing handled by the controller, the Jis-
. nlay indlcated T the vortex conditions require a 3-, 4-, 5, or
o o 6-mlle separation hetween alrcvaft (REDY, or i€ an ali 3-mile

‘ separation (GRELEN) may bhe used. 1f departures are helng handled,

only the wind condltions are displayed, and the RED/GREEN Indica-
! tlonx are hlanked out,

b. VAS System Monitor Display (3MD)

. The VAS System Manltar Display shows the wind measurements
: from all towers simultancously, us well as the Red-Grsen status
of all runways. The display could he uscd hy the. TRACON and c¢ah
supervisors to estahlish aperating runway conflgurations in con-
junction with other afrport-operating considerations or con-

¢. VAS Malntenance Subhsyvatem

]

i

L straints.
i

i

! The VAS clectronics conzole also honses the VAS malntenance
|

subsystems, n SMD, heyboard, and priuter, used to monitor system
operation.

d, VAS Data-recording System

)

P _ : The Data-recording System consiats of a nine-track digital
magnetlic tape unit with hulfer electronics., All data sent to the
VAS Runway Monltor Nispiay, the VAS System Monltor Display, and

2-13%
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the VAS System Maintenance Display are hlocked and recorded con-
tinucusly on this unit.

VAS is scheduled for deployment at 11l airporté during FY 79,

2.4.2 Description of WVAS

The WVAS is hased on adding to VAS two features; namely,

a. Positive-sensing of ground vortex conditions to augment
the prediction based on meteorological tower data, and

b. ECxpansion of the mlicroprocessor to allow calculation of
the spacings as a function of aircraft type.

For an spproximate description of WVAS, one may take the pre-
ceding VAS description and add the following:

2.4.2.1 Ground Vortex Sensors

The ground vortex scensors would determine, for cach aircraft
landing, the actual vortex dissipaticon time, or time of transla-
tion out of the approach corridor. Several sensor types are
possihle: acoustic doppler, pulsed, or CW laser anemometer. At
present, a lincar array of anemometers deployed at right angles to
the runway appears to he the most likely sensor choice.

The detection of vortices hy these sensors is based on the
fact that the pressure and velocity fields associated with a low-
altitude vortex extend to the ground and can he detected hy
ground-hased sensors, The array of ancmometers would mcasure the
component of wind perpendicular to the aircraft flight path. Since
most of the vortex velocity field is in that direction, the passage
of a vortex overhead will cause a large change (increase or de-
crease) in the ambient cross-wind velocity.

2.4.2.2 Mini-Computer

One processor must be capable of performing at least the fol-
lowing functions for each instrumented runway:

a. Met tower data-sampling,
b, Met tower data-averaging,
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¢. Tower sensor failure detection,

d. ¥ind speed and direction calculation,

e. Gust calculation,

f. Ground sensor data-sampling, -

g. Ground sensor data-averaging,

h, Ground vortex detection,

i. - Ground vortex motion calculaticn,

J. Ground sensor failure detection,

k. Calculation of ground vortex motion and wind information,
1. Aircraft-type data acceptance and checking,
m. Spacing calculation, and

n. Karning check.

ln addition to the runway-specific functions above, the pro-
cessor must also output svstem status information, including sensor
failure status.

KVAS is tentatively scheduled for deplovment in about 1682,

2.4.3 Possible Wind Shear D:iection Svstems

No Kind Shear Detection Svstem has been selected or designed
for future installation., At present, it is possible only to de-
scribe in general terms several possible systems undergoing re-
search and development.

2.4.3.1 low-level ¥Wind Shear Alert System (LLWSAS)

The intent of the LLWSAS is to utilize additional anemometers
on 20-foot towers around certain airports to detect propagating
wind-change zones that intersect the ground. LLWSAS is designed
to detect horizontal winds asseciated with cold fronts and thunder-
storm gust fronts. It will not detect elevated fronts such as
warm fronts aloft; nor will it give information on vertical wind
prqfiles. Finally, although it will not give any information
along the flight path, per se, wind shifts obhserved at the surface
can often be inferred to exist several hundred feet aloft.

) LLWSAS is a real-time, computer-controlled, data acquisition,
analysis, display, and recording system., It takes the wind-velocity
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data that are received from the remote anemometers, and compares
these data with the centerfield anemometer output. Wind-vector
differences are computed hetween each remote anemometer and the
centerfield anemometer (CFA). If the vector difference is large
enough (cufrently 15 knots), it will he inferpreted to mean th?: a
significant horizontal wind shear is present which might he.haznrd—
ous to aircraft operating in the terminal zone. If a significant
wind shear condition is detected, LLWSAS alerts the controller by
displaying the wind speed measured by the anemometer that caused
the alert on a digital display located in the tower cah, accompa-
nied by an audio alarm of about 1l-second duration,

When the alarm is received, the tower controller will provide
pilots with an advisory which includes the ceaterficld wind plus
the remote site location and wind information that is displayed,|

2.4.3.2 Gust-Front Warning System (GFWS)

Three metcorological parnmeters that accompany each gust have
been identified. In the order of their occurrence, they are: a
pressure increase (but not necessarily a jump), a wind shift, and
a temperature-discontinuity drop. With that sequence of events
in mind, the FAA sponsored the development of a comparatively
simple detection technique called the Gust-Front Warning System
(GFWS), consisting of arrays of pressuro-jump sensors (PJS) strate-
gically deployed on and off an airport. Fach PJS is calibrated to
send a coded signal via a leased telephone line to a central data-
recording and test display consolo lucated in the base of the con-
trol tower, A sipgnal is sent when a pressure rise of 0.5 mb in
120 seconds 1is ec “ed or excceded at any site.

A vertically scanning probe will be coupled with GWFS and
used primarily for the detection of frontal- and inversion-related

_shear. Two devices are currently candidates for further dcvelop-
"ment in this arca. One is the dual sensor acoustic Doppler radar,

and the other is the complementing pulsed EM Doppler radar which
has been installed for testing at Dulles. Together, they form a
dual vertical profiler system for all-weather detection of wind-
velocity in 30-meter increments from about 30-to the 500-meter level.
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2.4.3.3 Advanced Ground-bused Detection Devices

Several advanced ground-based sensors for remate atmosphere-
. probing have shown promise for the MSDP Wind Shear System. All are
in an carly stage of development, and no Eonplete svstems have been
formulated about such devices. :

The major candidates are:

a) Pulsed Doppler Microwave Radar,

b) CW Laser Radar (Laser Doppler Velocimeter),
€) Pulsed Doppler Laser Radar, and

d) CW/FM Microwave Radar.

2.4.3.4 Airborne Wind-Shear Systems

~ Several Airborne Wind-Shear Systems are being developed, which
. do not, however, interact directly with the ATC system. Among the
concepts being investigated are ground/air-speed comparison, wind-
difference calculation, and modified control laws/algorithms for
the flight director or thrust commands.

The various wind-shear detection systems are currently under
study; no plans foi1 deployument of other thar experimental systenms
have formulated.

m et e e

2.5 MICROWAVE LANDING SYSTEM

The Microwave Landing System (MLS) is a precision approach-
and-landing guidance system designed to satisfy all present civil-
aviation requirements and those that can be foreseen for the next
30 years,

MLS is an "air-derived" system in which the aircraft deter-
mines its own position directly and independently of other on-
board or ground elements of the ATC system. This system embodies
three major categories of measurements used in deriving the three-
dimensional guidance information as follows:

a. Angle-guidance measurement in azimuth and clevation using
the TRSB technique at C-Band (or Ku-Band for special applications},

H
:
:
¢
¥
!
i
;
i
!
i




e s L

b. Flare guidance by the standard radar altimeter, or, alter-
natively, by the TRSB technique, and

€. Range measurement using a precision L-Band Distance-
Measuring Equipment (DME)}, designed to be comparible with existing
systems,

An aircraft determines its position by making the following
three measurements: (1) approach-azimuth angle referenced to the
‘runway centerline, (2) an elevation-angle measurement referenced
to the horizontal, and (3} a range measurement referenced to the
22imuth/DME site. The TRSB MLS is used to make the azimuth end
elevation-angle measurements.

The TRSB technique consists of two basic elements: (a) the
ground subsystem which scans the coverage volume in azimuth and
elevation while transmitting coded signals to the aircraft, and
{b} the airborne subsystem which included a receiver/proceﬁsor
with outputs to standard displays in the aircraft,

Deployment plans have been developed covering a phased in-
stallation over the period 1980 to 2000.
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3. OPERATIONAL ASPEGTS OF MSDP SYSTEM INTEGRATION

The introduction of the MSDP elements into the ATC system has
the potential for causing difficulties of various sorts. In parti-
cular, the installation of the Display, Data entry, and Control
(DDC) units in the tower cab and of the sensors and supporting
structures on or near the airport surface could cause problems of
a physical or operational nature. Two studies were undertaken to
investigate aspects of these problems; the first addressed the
tower cab physical layout, and the second examined the feasibility
of sharing equipment towers among sensors from different systems.

The objective of the cah-layout study was to estimate the
minimum integration of equipment required from a cah-operatiohs
viewpoint. Integration for cost réduction was not considered.
The questions addressed were: If the current cab equipment and
station layout were to he maintained, and the major DDC units
were added to the cab,

a, What would be the impact on the controller duties and cab
operation?

b. Would the resulting operation appear acceptable?

¢. What equipment must or should be integrated to achieve

-satisfactory performanre?

In examining these questions, only the major NDC units were con-
sidered since they would have the principal impact on the cab.

The approach taken in the study was to sclect airports from
each of the critical equipment-based c¢classes; i.e., classes for

‘which two or all three major equipr.ents (ASTC, TIPS, BRITE) would

be installed, and to perform detailed analyses on cach airpert.
From these analyses, the results were generalized to their respec-
tive classes as much as possihle. The study of the Los Angeles
tower cab is summarized in section 3.1 below.

The sensor-integration study investigated the feasibility of
collocating the TAGS and VAS sensors on common towers. The analysis
for the installation at O'Hare is summarized in section 3.2 below,
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3.1 LOS ANGELES ({LAX) TOWER CAB STUDY

The LAX airport layout with the cab location is shown in
Figure 3.1.1. The cab is square and is 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 time, and this includes the high-
activity periods, Normally, arrivals land on the outside runways.
There are six satellite-type terminals, two on the Northside and
four on the Southside. One-way flow restrictions for large air-
craft moving between and around the satellities require Ground
Control advisories. This necessitates ramp surveillance which in-
creases their work load. Noise-abatement procedures and terminal
layout place most operations on the Scouthside runways. Most flights
originate or terminate at the four Southside satellities. For
these reasons, the Southside is of primary concern to the cab
{particularly Ground Co:trol).

Helicopters operate in to and out of the pad shown in the
figure, as well as other areas in the gencral aviation and manu-
facturing area. Operations cross the approach ends of the 24's
at about 500 feet of altitude, and the 25's between the approach
end and the crossing taxiways at about 1500 feet.

The controller stations are indicated in Figure 3,1-2. The
Ground Control position is staffed only in the event of unusually
high operations rates or operational difficulties. The Line of
Sight (LOS) required by each controller is shown in Figure 3.1-:
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, shown in the figure, is the
BRITE viewing area. The large "footprint" on the floor surrounding
the local controllers represents the area within which an ohserver
will be able tco read the ARTS alphanumerics with 90-percent
accurac -,

As seen in Figure 3.1-2, the controllers have good LOS to
their area of responsibility. The only potential interference
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would involve ilelicopter involve Helicopter Control (HC), parti-
cularly when the Northside Ground Control is staffed. HC will

tend to block the view of LC2 when marking flight strips or scratch-
pad, and LC2 will tend to block the HC view of the BRITE, Some
movement to avoid this blockage is required, hut its impact would
be slight.

¥hile LOS requirements look good, the flight-strip flow appears
laborious, Due to the lavout of the cab, there would be a great
deal of movement required for Clcarance Delivery (CD) to pass
flight strips to Ground Control (GC1 and GC2). 1f CD and Fligat
Data (FD) were moved to a location closer to Ground Control, say
at an island ncar the stairway, the strip flow would be better,
but the controllers would interfere with the LOS requirements of
GCl when GC2 was not staffed. Therefore, at Los Angeles, to limit
the movement required of CD, the pround controllers Jdo not use
flight strips except in special circumstances, they use only a
scratch pad. €D then hands off the flight strips directly to
Local Control or Helicopter Contrel for their use.

During poor cab-visibility conditions, the ASDE radar is used.
Figure 3,1-3 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 arca are target-heading discrimination
and position resolution.

In examining the poor cah-visibility operation, LOS to the
surface must he considered. Poor cab-visibility rarely eliminates
all view of the surface, and controllers gencrally prefer direct
viewing tc the radar presentation if possible (e.g., close in to
the ramps).

As can he secen from Figure 3.1-3, the ground controllers (GCl
and GC2) must stand away from their station somewhat to sece the
ASDE at a good viewing angle. Some movement back and forth between
their station and the radar would he expected to permit scratchpad
marking and a good view of the ramps (if visible)., but the impact
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would be minnr. Southside Local Control (LCl) must move back away
from his station to see the ASDE. Since the viewing 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 pro-
gress 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 “n the North-
side between HC and LC2. The local controller has priority on the
use -~ © the surveillance equipment, and must move in to the HC
station to see the ASDE. HC must either move close in to his sta-
tion, 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
necessary to go to their stations to take notes or mark strips,
viewing loss and interference could be a serious problem.

A potential solution to the HC/LC2 viewing problem is to add
" an ASDE display to the cab hung heside the Northside BRITE on a
double yoke. '

The equipment layout and controller-viewing areas for the LAX
cab in the late 1980's are shown in Figure 3.1-4. The TAGS dis-
play 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 between
ground controllers is not considered acceptable due tc the large
number of surface targets, sharing between ground and local con-
trol 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 {(with the depar-
ture qucue suppressed.) The TAGS controls and keyboard would be
located near Ground Control, the primary user.

The TIPS display units (with "quick action™ data entry) are
shown pedestal-mounted from the floor except for the one used by
Flight Data. .* that location, the unit was console-mounted in
the space left by the FDEP removal. The TIPS kevboard is assumed
to be integrated with the BRITE keyboard for Local Control to
reduce multiple keyboards.
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"The BRITE displays are iocated as they currently are, BRITE
controls are added to the console in currently empty locations.
BRITE keyboard§ are assumed integrated with TIPS keyboards, and
are left on the counters nesar the displays.

Th2 addition of the MSDP equipment has both positive and nega-
tive effects on the cab operation. These effects are listed as
follows:

3.1.1 Positive Aspects

a) Flight identity is provided to Ground Control via TAGS to
assist control under poor cab-visibility conditions.

b) Inter-controller handoff of flight data is facilitated by
TIPS, permitting Ground Control full access to flight data.

c) The LC2/HC interference problem discussed previouély with
regard to ASDE and the BRITE is somewhat reduced with the introduc-
tion of TIPS.

3.1.2 Negative Aspects

a) When mounted on a floor pedestal, TIPS may interfere with
access to console-mounted controls even if the floor mount is low.
However, the contreller can move around TIPS, and ¢an rotate and
tilt the unit up to facilitate reaching the console.

b) TIPS displays and the TAGS, TIPS, and BRITE keyboards
take up considerable counter spate. Writing space for note and
recordkeeping 1s very limited for both ground controllers and for
Helicopter Control,

¢) The sharzd TAGS display while acceptable with respect to
alphanumeric clutter, will compromise the "quick look" and 'two-
presentation” select options. When shared, these cptions will have
to be set up so as not adversely to effect the local controller.

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

1) The Ncrthside local Control and Helicepter Control posi-
tions should receive at least a TAGS repeater to relieve the




interference problem cited, This would even seem advisable now,
with the ASDE system,

Z) The TIPS, TAGS, and BRITE keyhoards should be integrated
to minimize their impact on the limited space available. Even
under these conditions, equipment leaves very little counter space
available for notetaking, etc¢., and alternative means for provid-
ing this may bhe required,

3.2 TAGS/VAS SENSOR INTEGRATION

The deployment of ASTC Surveillance and Vortex Advisory Sys-
tems (VAS) at the major airports adds two more systems to the air-
port surface already congested with terminal surveillance, communi-
cations, meteorological, lighting, ILS, and other systems. Because
the siting criteria for both the multilateration TAGS sensors and
the VAS ground-wind-sensing towers favor locations.at the airport
peripbery (VAS near runway thresholds and TAGS to the outside of
runways}, at first glance, & collocation seems worth exploring.
Possible henefits from such a collocation are a rcduced numher of
new towers obstructing navigable airspace and installation cost
savings. Installation cost savings are in the form of common
cable runs, common access roads, and common site construction
(grading, surveying, concrete foundations, etc.).

A prelimina 'y plan for TAGS sensor-siting at O'llare done pre-
viously resulted in a total of 8 sites, consisting of 5 interroga-
tors and 3 receive-only sites, The locations chosen are shown in
Figure 3.2-1., Some of the constraints applicahle to TAGS sensor-
siting are:

a. The maximum interrogation baseline is 9170 feet,

b. Interrogators can he ho closer than 600 feet from the
Airport Movement Area.

¢. Line-of-sight visibility must be maintained hetween at
least three receivers and the aircraft, and two interrogators and
the aircrafe.
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d. Obstacle clearance requirementx for the navigable alrapace
around the airport must be met. ‘

e. The TAGS DAS sitex must he on afrport property.

f. Interrogation statlions must he within 15,000 feet of air-
craft heing interrogated.

_ Ta provide for cost comparison hetween independently site! and
collocated VAS/TAGS cases, the O'llare DAS sensor-deployment hard-
ware and installation cost were estimated for hoth communication-
11nk configurations, land lire and microwave link, as shown in
Table 3.2-1. Only acquisition and installation cosnts are zhown,
O8M costx for c¢ither configuration are not relevant to the com-
parison,

The tower locations for the first operatlional VAS system
currently heing installed at O'Hare, August 1977, are shown in
‘Filgure 5.2-2. Lach tower, 50 feet in helght, must he outside of
navigahle airspace, must he on alrport property, and must he a
reasonable distance away from huildings, trecx, elevated roadwavs,
ete., which can disrupt air flow,

The VAS sensor and display acquisition and installation costs
for the O'Hare system are shown in Tahle 3.2-2. The VAS hardware
cost estimate is based on a production buy of 13 systems., The
installation cost is hasced on Jdetaiied cxtimates provided by the
Great Lakes Region for the actual Q'Hare installation.

The current VAS meteorological-tower locations are shown in
Figure 3.2-2. Ry applying the TAGS siting criteria to cach of the
7 VAS locations, it was determinced that 4 TAGS interrogator sites
could share VAS locations and provide acceptable coverage of the
AMA {Figure 3.2-3). The northern half of 0'Mare can he covered
adequately by TAGS interrogators located at VAS sites &, 4, 3, and
2. A non-VAS-sited recelve-only site between 4L and 9L thresholds
§s required to climinate blockages (TAGSy), ensuring that alvcraft
on the AMA always hdas 3 receivers in view, VAS ¢ ls not usabhle
at its current location bhecause the Interrogation antenna 120
degreec coverage limitation doex not allow simultancous coverage
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' TABLE 3.2-1. TAGS TRILATERATION SENSOR HARDWARE
COST ESTIMATE (O'HARE)

Hicrowave

Link Land Linc?*

1. 8 Site Hardware
Acquisition Costs $1422 $1200

(based on buy of 9 TAGS (includes $30K (includes
Systems in 1980) site for Micro- $24K
wave hardwarce) cahle

‘ coxts)

5 Interrogator Stations

3 Recejve Stations

1 Central Control Station
1 Processor/Display

2. 8 Site Installation Costs $400K $473K

Foundations

Tower/Shelter Erection
Electrical Terminations
Communication Installation
Power

Access Roads

; Civil Engincering/Supervision
: 30% Contingency

3. Total Costs s$1822 $1679
{Acquisition § Installation)

*Assumes adequate buried twisted pair cable capacity cexists at
junction points within 2000 feet fronm each DAS site.




FIGURE 3.2-2. O'HARE VAS SITE LOCATIONS
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. ' TABLE 3.2-2.° VAS O'HARE SENSOR INSTALLATION COSTS

I

1. Acquisition Costs

Towers

i Sensors/Electronics

- " Processor

' Display $300K

2. Installation Cost

Tower Foundations

Tower Erection

Electrical Terminations

Underground Cabling

Power

Access Roads

Civil Engr/Supervision

30% Contingency $186K

me by e

-

3. Total Cost (Acquisition § Instnllation) $486K

'
t
t
1
§
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at the threshold end of 27R/32R and 22R. For VAS 2, 120-degree
coverage angle must be placed to cover 14R threshold, sacrificing
full view of 4R. The lack of full 4R coverage by VAS 2 is only
one of several problems with TAGS/VAS collocation for the southern
half of O'Hare.

Costs identified as being eliminated by the exact collecation
of the VAS and the DAS towers are shown in Table 3.2-3, The $23K
estimate per VAS site does not inciude, for example, VAS tower
erection, electronics housing, and electrical hookup costs unique
to VA5, New access-road construction at O'Hare is limited due to
the nearness of existing airport roads; an average road length of
100 feet per site was estimated. The total cost savings for the
4-site collocation is estimated at $104K. As Table 3.2-4 shows,
the 4-site collocation represents about 5 percent of total system
acquisition and installation costs. If all VAS sites were located
with DAS sensors, about 9 percent of total acquisition costs could
be saved. This latter possibility would depend, in the case of
the O'Hare installation, on the VAS sensors being moved to a TAGS
location, not vice versa, as discussed previously.

Table 3.2-5 shows the savings expressed as a percentage of

_installation costs only, excluding system-hardware acquisitions

except that data-link and cabling costs are included. The second
and third table entires show savings as a percentage of the costs

"the regional Airway Facilities would incur, ranging from 14 to 22

percent for land line and microwave, respectively,

3.3 SUMMARY OF RESULTS AND RECOMMENDATIONS
3.3.1 Results

A summary of the major conclusions drawn from the cab-layout
and sensor-integration studies follows. However, these conclusions
are preliminary since they do not incorporate feedback from opera-
tional personnel.

a) The installation of the three large MSDP cah systems as

additions to the current cab stations/equipment appears feasible.
. The TAGS displays will be located primarily where ASDE-2 displays

3«17
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TABLE 3.2-3. VAS COST ITEMS ELIMINATED FOR COLLOCATION OF SENSORS

Item Per Site Cost
Site Ground Preparation $ 1X
Tower Pads (Concrete) 3K
New Cable Duct Runs & 2000’

($5.50/ft. installed, cable included) 11K
Acceﬁs Roads ($20/Ft) 100'/Site 2K
Civil Engineering 25 work-days 8 $90/day 5K

- Contract Supervision 12 work-days @ $150/day 2K
Accessholes/Junctions 2K
$26K

TABLE 3.2-4.
TOTAL SYSTEM INSTALLATION COSTS - O'HARE (DOLLARS)

COST SAVINGS AS A PERCENTAGE OF

bllocated Savings as
Collocation DAS*® VASH. Total Cost % of
Config. Costs Costs Costs Svgs. |Total
4 sites $1679K $486K $2061K $104K 5%
.7 sites $1679x | $486K $1983K 182k 9%

*Acquisition costs included are for 8 site
{see Tables 3.2-1 and 3.2-2).
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TABLE 3.2-5. COST SAVINGS AS A PERCENTAGE OF INSTALLATION
COSTS EXCLUSIVE OF ACQUISITION COSTS - O'HARE (DOLLARS X 103)

DAS VAS Total ¥ of

Configuration Alone Alone Collocated” Svgs, Total

Microwave®® 640 184 722 104 144

Landline®#®s’ 497 186 579 104 181
Microwave (Installa-

tion costs only) 400 186 482 104 2

*assumes 4 sites collocated

*f*Includes $240K Microwave hardware costs
®%tIncludes 24K cable costs
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are now. Added ASDE-3 displays will primarily be hung from the
ceiling on yokes to permit rotating and tipping to the best orien-
tation. TIPS display and “quick action" data-entry units will
primarily be pedestal-mounted from the floor in yokes to permit
rotating and tipping to the best orientation,

b} The chief reservation regarding the simple addition of the
MSDP cab systems concerns counter space, particularly at the Class
A airport cabs. In installing the systems without reworking/
integrating the individual stations, counter space has been drasti-
cally reduced., TIPS will probably not completely eliminate the
need for note-taking.

¢) The counter-space limitations occur despite the integra-
tion of the TIPS and BRITE keyboards. In the study, it was assumed
that the TIPS and the BRITE keybtoards would be integrated.into one
keyboard for Local Control. In this way, each controller would
have only one keyhoard at the Class B cabs and two keyboards at
the Class A cabs.

d) The add-on-type installation does not depend on the

sequence of the installation, As currently configured, ASTC equip-
"ments can precede or follow TIPS installation. Only new intevgrated

system features might change this,

e} O'Hlare, due to its configuration, readily accomodates VAS/
TAGS sensor collocation with little compromise for 4 out of the 7
VAS locations, Three of the VAS locations are such that TAGS

"siting is not feasible even allowing minor VAS relocation. LAX

presents a more difficult challenge, but, given the use of a
control-tower-located interrogator, 3 of the 4 VAS site locations
can be shared. The cost savings alone, possibly only S percent of
total system costs, are probably not enough to justify program
delays to effect collocation. However, the henefits for reducing
obstructions to navigable airspace and efficiencies in site-
contracting work through the Airway Facilities Regional Office may
make the collocation warth considering at the time wheu TAGS and
VAS production schedules become realities.

3-20
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3.3.2 Recommendations

a) The two integration issues identified should be considered
in some detail. They are the integration of keyboards and the
movenent of "quick look" controls (TAGS or BRITE Alphanumeric) and
ASDE-3 "two-presentation' select "controls to the keybhoard or TIPS
*quick action'" entry.

" b) The studies done to date should be presented to both Air
Traffic and Airway Facilities personnel at the airport cabs (or
associated regions) for their review and input.

.¢) The studies should be extended to additional airports,
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4, HUMAN FACTORS ASPECTS OF MSDP SYSTEMS INTEGRATION

4.1 BACKGROUND :

Certain aspects of the design and integration of the MSDP sys-
tems assume particular importance when consldered from the view-
point of the people who must operate the ATC system, As a general
background, some unique features of the control-tower operation
should be noted.

a, High reliance on visual contact with aircraft.
b. Controller mebility.

¢. Frequent standing operations,. _

d. Wide range of ambient lighting conditions.

Design of any equipment (for Local Control and Ground Control
especially) must be compatible with a controller who frequently
stands up, who must look out the window, and who may move about the
cab to obtain favorable viewing conditions. Visual displays must
be adjuétable in brightness and contrast to compensate for both
bright and dim ambient lighting and for frequent brightness adipta-
tions between external and internal viewing,

Another general feature tc he noted is that controllers may
have one hand continually occupied with a press-to-talk switch
{assuming continuation of current communications procedures); new
equipment should, therefore, avoid requirements for two-handed

operation.

The impact on controllers of the introduction of MSDP elements
into tower cabs is summarized in Table 4.,1-1, For each system
element, the advantages and disadvantages are noted together with
an indication if the new element requires additional equipment, or
if it replaces equipment currently ir use. Where particular duty
positions are affected, the initials of the position are given in
parentheses.

From the ADVANTAGES column of the table, it is evident that
MSDP elements in general will not provide workload relief, Most
elements ave designed to permit the controllers to continue to do

-
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TABLE 4,1-1. SUMMARY OF HUMAN FACTCRS [MPACT ON TOWER CONTROLLERS OF MSDP SYSTEMS

3L
ELEMENT

ADVANTAGE

DISADYANTAGE L

AUDED
EQUIPYENT

REPLACED
EQU]PMENT

DARS

More reliable data (Lclggl!

MLS

More reliable data (LC)

Ability to handle aore
traffic

i.
!
Increased Worklcad !
LC). i
More IFR traffic
More complex approach
paths.
More status panels to
RONLILAT.

More data for ATIS
{FD)

Starus and contrel
parels

ILS [(some towers)

F5s
Autonatio%

frcreased worklcad
{FD;.

Neather observation
(some towers)

Weather-cbserving
equip.

(some towers)

#eather-cbserving
equip. (s5ome towers)

YAS/WYAS

i More information.

Spacing decision
provided (LC}

Safer operation:

Increased workload
(LCY.

More displays to
Monitor

More information
to relay.

Closer arrival/
departure spacing ‘

More data for ATIS/
(FD}).
Crowding of workspace

Displays and controls

Wind
Shear

More information.
Safer operations

Increased workload
fLCY.

Mare displays to
monitar

More information to
relay.

Mare conpiex
decisions

Mare data for ATIS
fF).

Crowding of workspace!

Dispiays and controls
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TARLE 4.1-1 (Concl'd}

MsDP ADDED REPLACED
ELEMENT ADVANTAGE DISADVANTAGE EQUIPMENT EQUIPMENT
ASTC/TACS | More reliable data (GC, Crowding of workspace

L. fLey., Displays and key- ASDE displs/s (GC)
More complete data (GC, |More keying required boards
LG (GC, LC)
Intezrated data (CC).
Safer nperations
| TIPS More informaticn avail- More keying required. Displays and key- Flight strips and
atlie. Inadegquate provision boards bays FDEP
Faster infzraation for entry of flight-
dissenination serip data (GC, LC) Electrowriter/
Telautograph
Crowding of workspace
lnadequate failure ands
ARTS II1 [ More information avail- Increased workload PRITE display for
Enhance- 1hle. fLC). rencote locations
nents Mnre reliable informa- Increased arrival (some tawers)
tion rates
tasier csnflict monitor-
ing (LC).
Lafer sperations




what they are presently doing with a greater degree of cffective-
neés--more accurate data, more available data for decisions, making
and, more gcccsslhle data. This increase in effectiveness generally
involves an increased workload -- movre data to process, more air-
craft to service, and more information to relay. The principal
features that may unburden contrellers somewhat include the deter-
mination of safe intervals by VAS and WVAS, the automatic Identifi-
cation of aircraft on the ground by TAGS, automatic runway assign-
ment by TIPS, and automatic conflict warning by ARTS.

The DISADVANTAGES column shows again the increase in data tc
be processed and relayed and in aircraft to be serviced. It also
shows an increasc in display devices and status panels to be moni-
tored, Some of the additional data will very likely be incorpora-
ted into ATIS messages, increasing the work and time involved in
ATIS preparation and recording. The increase in amount and acces-
sibility of information carries with {t the need to perfirm addi-
tional keying and switching operations to rvetrieve desired data.

The complexity of information-processing by controllers is
increased by some elements. VAS and wind-shear elements will in-
crease the complexity of visualizing and evaluating wind-field
patterns, The curved approach paths made possible by MLS will
increase the difficulty of estimating threshold times from both

"visual observation and radar returrns.

The automation of FS§S's will add the job of weather obscrva-
tion to the duties of some towers, ’

The ADDED EQUIPMENT and REPLACED EQUIPMENT columns together
show that introduction of MSDP elements will result in a net in-
" crease in tower equipment, with consequent crowding of already
crowded workspace, Display devices for VAS and wind shear (not
yet specified) will requirc vet more prime space.

TIPS, while acquiring, distributing, and displaying informa-
tion much more effectively than is presently done, does not pro-
vide the data-recording and notepad capabilities of the flight
strips that it will replace, Furthermore, if flight strips,
flight strip bays, and flight strip printers are removed from the

4-1




R

3
'
"
I'\

tower, the manual backup procedure in the event of systeam faf{lure
will be wholly inadequate. i

In summary, introduction of MSDP elements has the potential
for creating three major problems for control tower personnel:

a, workload increase,
b. workspace crowding, and
¢. loss of flight-strip capabilities.

4.2 DISCUSSION
4.2.1 Workload

Taken one element at a time, the controller-workload incre-
ments resultirng from the introduction of MSDP elements into the
tower cab do not appear important. It is easy to assume that the
controllers can adapt to these new demands, and it seems desirable
to gain the associated benefits. liowever, the aggregate incrcment
in workload, when several of the elcments are added, is more dif-
ficult to assess, and should not be overlooked. The increase in

‘sccident potential, when system vperators adapt to an increased

workload, is an evident problem; adaptation is accompl.shed by
adopting shortcuts in procedure. Although this procedural stream-
lining is generally effective, on rare occasions when a chance com-
bination of events occurs, it can be fatal. '

There is ample evidence that controllers, in some towers at
some time, are averloaded under present working conditions, There-
fore, it is desirable, when introducing changes, to seek ways of
exploiting these changes so as to reduce workload, or at the very
least to avold increasing it. ‘

There are two general features of combined MSDP clements that
have great potential for such exploitation: computing capability
and the displey capability inherent in CRT's. Thus, the computcrs
assocliated with ARTS, TAGS, TIPS, and perhaps, the wind-evaluating
systems might be used to relieve controllers of data-processing
requirements. Also, the CRT displays of ARTS, TAGS, and TIPS might
accommodate the increased display requirements gencrated by VAS,




WYAS, wind shear, and MLS. This process of system integration has
great potential for alleviating the MSDP-workload problems.

For example, "time-to-threshold” could be computed for each
approaching aircraft, and displayed on the local controller's
situation display on demand, thus assisting the controller in in-
formation-processing and decisionmaking, and increasing the accuracy
of "decisions. 1ln the display area, it has been proposed to repre-
sent wind-shear information symbolically at the geographical loca-
tion where it applies on a situation display. Similariy, wherever
it seems to be desirable, the system is asked to integrate infor-
mation from various sources, and to present to the controller only
what is needed, when it is needed, where it is needed, and in a
format that requires a minimum of further processing by the con-
troller,

4.2.2 Norkspace

The crowding of controller's workspace by added MSDP equip-
ment can also be alleviated by system integration, Collecting the
outputs from several elements for display on a common surface, and
consolidatina various keyboard requirements into & single keyboard,
can provide considerable relief of space requirements.

Minimizing display requirements should include the integration
of curreat with future ones, Considerable space on present con-
soles 15 occuplied by & few weather-related devices (altimeter
setting, 'ind speed, wind direction, and RVV and RVR indicators),
VAS, WVAS, and wind shear presently propose additional displays,
Any approximation that can be made to the consolidated display of
weather data on the situstion display will release a considerable
amount of prime space for the local controller, Similerly, using
single buttons to call up sets of information can reduce control
panel and keyboard requirements as well as simplify information
retrieval by the controller.

Possible arrangements of idealized consoles for Local Control
and for Clearance Delivery or Flight Data are given in Figures
4,2-1 and 4.2-2,
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4.2.3 Flight-Strip Capabilities

‘The functions served by flight strips as surfaces for data-
recording may be lost when the strips are replaced by TIPS, Some
of these ¢an be retained by programming TIPS to record certain
action times [e.g., takeoff, and clearance delivered), Other func-
tions could be retained by utilizing the keyboard for notetaking.
Still other capabilities might be achieved by providing for
special printouts at the input-output terminal,

Provision of a manual backup in the event of a TIPS failure
appears to be a serious problem. Resorting to scratch pads and
handwritten flight strips (without bays for organizing them) would
result in an operation more primitive than the most poorly equipped
current operations. Strip holders and portable bays could he kept
in storage for use during a TIPS fajlure; however, it is doubtful
that controllers trained and experienced in the use of TIPS could
revert effectively to such a manual system. Certainly, the problem
of TIPS failure modes should have some priority for further con-

sideration.

4.2.4 Automatic Message Generation and Transmission

Because DABS is not expected to he deployed widely before
1985, its use as an uplink for transmission of digital messages
has not been assumed in the present analysis, Implementation of
DABS will permit the generation of command and information messages
and their transmission to aircraft without controller intervention,
This developrment will have profound c¢ffects on the roles of tower
personnel in air traffic control, reducing workload requirements
for almost every element of the futurc system. Completely ncw
display concepts will be required, and the controller will be given
a more passive role (monitoring and approving). New probhlems will
involve keeping controllers alert and active e¢nough to assure that
they are prepared to intervene when the situatjon requires it. As
DABS capabilities and utilization become more cicarly specified,
provision must be made for redefinition of controller roles and
display requirements through detailed simulation studies,
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5. FUNCTIONAL AND DATA-PROCESSING ASPECTS OF MSDP
SYSTEMS INTEGRATION

-

The tower cab is one of the focal points of an extensive data
gathering, processing, and display complex. This complex makes
available to the controcllers in the tower information they need to
ensure the proper operation of air traffic in to, within, and out
of . the airport. The input data can be classified as:

surveillance data -- measurements of aircraft position,
including altitude;

identification information -- codes transmitted by the
aircraft which disclose identity or characteristic;

flight data -- identity, timing, and characteristic data
which describe aircraft expected or known to be in the system;

meteorological data -- measurements and predictions of
prevailing atmospheric conditions of various kinds in the surround-
ing airspace; and

system data -- certain fixed, semi-fixed, and regularly
changing data describing the state of the ATC system and its
environs.

. The controller has the task of assimilating the subset of
these data that are needed to carry out the particular duties; the
subset required will vary, depending un the position. Occasion-
ally, information will be received from an ocutside source which
will have to be stored for later use. :

Many of the MSDP systems will contribute to this flow of data
in to and out of the cab. Insofar as is possible, the systems
should be ‘coordinated functionally to avoid confusion on the part
of controllers faced with multiple sources of information, some
of them possibly contradictory. Also, form a data-processing
point of view, interfaces between systems and the interchange of
data between systems should be designed in a comprehensive and
consistent way rather than as ad hoc, uncoordinated solutions which
could lead co inefficiencies and error.
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In general, each of the MSDP systems has the three usual
subsystems: sensor, processor, and output (display). This sub-
system breakdown can be used to help identify common functions and/
or common inputs and outputs among the systems.

The sensor subsystem has the job of providing the input sur-
veillance, identification, and/or meteorological data to be used
by the rest of the system,

The usual task set for the data-processing portion of the
system is to display to the controller that portion of the air-
space of interest with an indication of the traffic in that area,
to keep 8 list of the aircraft in, or expected to be in, the area
of interest, and to maintain and display the identities of the
aircraft in the list. To maintain this correlation, the data-
processing system must convert radar target-position measurements
to its own coordinate system, must maintain the continuity of the
tracking of the targets with less than perfect data, must keep
the correspondence between target and aircraf: identification
(ACID), and must format and display the results to the proper
controllers, '

There are other subtasks which the data-processing system
must accomplish in the course of doing its main task. They include
accepting inputs from other data processors and from controllers
viza kevhnards, modifying the data base and the display outputs to
correspond.

In addition to the basic function, the DP system has been
called upon to carry out other functions, such as conflict detec-
tion, metering and spacing, and minimum safe-altitude warning.

5.1 FUNCTIONAL DESCRIPTION OF TOWER CAB

A Class A tower cab is defined in this study as one which will
be equipped with all of the major and minor MSDP systems. A block
diagram of such a tower cab and its environs is given in Figure
S.1-1. The diagram is divided into six areas which represent the
remote sensors, remote processors, the tower c¢ab, remote tower cab,
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TRACON, and ARTCC., The systems are represented by hlecks for sen-
sOrs, processbrs, displays, and keyboards, connected and inter-
connected appropriately. Some of the blocks contain the names of
more than one system; e.g., ATCRBS/DABS, or VAS/WVAS/Wind Shear,
to indicate both that they are alternatives one for the other and
that they have a functional similarity at this level. In the dis-
cussion which follows, all possibilities will be included.

The Hierarchical Input, Process, Output (HIPQ) chart in Table
5.1-1 shows the data input to the Tower/TRACON complex by the sen-
sors of the various systems and by the computer at the ARTCC.
These data are classified as being one of five types:

a) Surveillance data -- giving aircraft positions,

b) Flight data -- giving aircraft identifications and flight
intentions,

¢) Control and Supervisory data -- ziving instructions to
the system to react in some way,

d) Meteorological, Atmospheric and other data -- giving
information ahout the airport environment, and

e) Data link data -- giving messages from aircraft,

The major information types within each of theso categories is

briefly described and the system or system component, through which
‘the data arc delivered to the Tower/TRACON is cited.

The second column, Process, in this highest-level HIFO chart,
lists the processing which takes place in the complex in five
categories, with the major types within the categories and the
systems where the processing is performed. The categories are:

1) Surveillance-processing -- perform calculations on sur-
veillance, flight, and other data to produce Jerived and predicted
aircraft performance, position/identity correlation, and status-
monitoring,

2) - Display-processing -- generate display tables, display
command chains, and the like to cause specified sets of Jdata to bhe
output to specified display devices,
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3) Flight-Data-processing -- maintain and modify as required
flight-plan information for aircraft in or ahout to enter the con-
trolled airspace, '

4) Message-processing -- interpret and transmit to appropri-
ate process or system messages input via kevhoards or communica-
tions links, and

§) Other processing -- as the name implies.

Finally, the third column of the chart lists the data outputs from
the comple. grouped into three categories:

a) Dispiays -- output to controllers in tower cab and TRACON,

b) Messages to ARTCC -- control, supervisory, and fﬁight
data-information generated in the tower/TRACON, and

¢) Data Link data -- messages to he tiansmitted to aircraft,

The key MSDP system, as far as the tower cah is concerned is
TIPS, which was devecloped to replace the FDEP/flight-strip equip-
ment in cab and TRACON, In the course of system design, the deci-
sion was made to make TIPS the repository for the terminal flight-
data hase, and to put the larger part of the TIPS data-processing
capability in the TRACON. This led easily to the notion that TIPS
should communicate with the NAS computer at ARTCC to obtain flight
data, and further, that the ARTS-TIPS-NAS path should subsume the
functions of the ARTS-NAS tink. Thus, TIPS hecomes hoth the
flight-data manager and the communications center for messages
among the tower, TRACON, and ARTCC.

These two delegations of function are presumed in the develop-
ment to follow since they seem to bhe solidly backed by the snalysis
done by MITRE.

Besides TIPS, the systems to he considered here are TAGS, the
WVAS/Wind Shear group, and the Meteorological group. The ARTS III
display in the cab is assumed to he the Tower Cab Digital Display
{(TCDD) driven by an ARTS IIIA installation whose sensor data are
processed by a Sensor Receiver and Processor (SRAP).

~



TABLE 5.1-1,

HIPO CHART.- OVEMALL TOWER/TRACON

INPUT PROCESS ouTouT
Surveillance Data Surveillance Processing Displays

. For each a/c within
range 1 to 60 miles
from radar:
kange, aximuth (ASR)

. Tor each beacon afc:
Range, azimuth,
altitude beacon cade
{ATCBI, DABS)

. For cach beacon a/c
on airport surface:
position, beacon code
(TAGS)

. For cross-tell a/c:

position, ACID,
beacon code (ARTCC)

Flight Data

« Accept and process sur-
veillance data, track
afc, correlate with
flight data. (ARTS,
TAGS)

« Perform MSAW, MES, Con-
flict Alert calcula-
tions {ARTS)

Display Processing

Prepar=e displayvs of data
blocks
{(ARTS, TAGS)

Prepare displays of
tabular lists
{ARTS, TAGS, TIPS)

Flight Data Processing

For cach a/c filing
IFR flight plan or
amendment: ACID,
assigned beacon code,
arrival/departure
fix, ETA/PTD
{ARTS/TIPS keyboard,
ARTCC()

. Clearances
(TIPS kevboard)

Control and Supervisory
Pata

. For each a/c, as‘np-
propriate: handoffs,
Delete messages (ARTS/

TIPS keyboards, ARTCC)|

+ As appropriate:
Reconfiguration
(ARTS/TIPS keyboards)
Display format

data
(ARTS, TAGS, TIiPs)

TAGS, TIDS)

Message Processing

L Accept and process key-
board inputs
(ARTS, TAGS, TIPS)

Accept und process data
link messages, prepare
outgoing data link
messages (ARTS)

{ARTS/TIPS keyboards)

« Accept and process flight

. Accept and process flight
data modifications (ARTS,

Data blocks:
ACID, altitude,
speed, ctce.
{ARTS, TAGS)

« Tabular lists:
arrival, de-
parture, ACID
beacon code,
etc. (ARTS,
TAGS, TIPS)

. Airport status,
weather {ARTS,
TAGS, TIPS

Clearances
(TIPS)

Vortex advisory
or prediction
(VAS/WVAS)

. Wind Shear
warning (Wind
Shear)
Temperature,
visibility,
ctc. (mete-
orological)

Messages to ARTCC

Flight plan sub-
missions, chianges
and cancellations
(ARTS, TIPS)

. Cross-tell
surveillance
data (ARTS)

. Hand-off

messages (ARTS)
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TABLE 5.1-1 (Cont.)

INPUT

PROCESS

QuUTPUT

Meterological, Atmos-

pheric_and Other Tata

Other Processing

. NOTAMS, ATIS, Air-
port status
LARTS/TIPS key-
boards)

. Wind Measurements
from selected
locations {VAS/
WVAS)

. Wind and other
measurements
(Wind Shear)

. Temperature,
visibility, etc.
(Meterological)

Data Link Data

. Messages from a/c
(DABS)

. Accept and process

observations to
produce vortex
advisory or predic-
tion, wind shear
warning
(VAS/WVAS/NWind
Shear])

Prepare runway and
beacon code assign-
ments (ARTS, TAGS,
TIPS)

Accept and process
meterological data
(Meterological)

Data Link Data

Messages for
a/c {DABS)
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5.2 FUNCTIONAL INTEGRATION OF TONER SYSTEMS

The analysis of the funciional! performance of the future
tower systems was hased on certaln assumptions about the course
of the MSDP's,

8) It is assumed that the ARTS I11A procurement will go as
.planned, and further, that certain equipment now in the prototype
state -- namely, the Remote Display Buffer Memory (RDBM) and the
Tower Cab Nigital Display (TCDD) -- will be developed and procured

in quantity, ‘

b} The ASDE-3 will be developed and procured, and the TAGS
which is developed and procured will be the hybrid system described
carlier,

€) The TIPS will be developed and procured substantially as
described In system documentation, and will act as a flight-dats
ranager and communications center for the svstem,

d) It is desirahle to distrihute the outputs of the wake-
vortex, wind-shcar, and meteorological measurement systems to the
ontrollers and ATC functions through some combhination of TIPS,
TAGS, ASDE-3, and ARTS,

The Class A Tower Cab and TRACON will have at least six new
processing capabhilities: three already ldentified with separate
computers -- the TIPS Tower and TRACON Display Subsystem processors
and Terminal Data-processing Subsystem processor -- and three new
ones -- the TAGS, WYAS/Wind Shear, and Meteorological processors.
It is suggested here that the last three he integrated in some way
with the TIPS TDPS processors. A numher of approaches to this
integration are discussed bhelow.

A major benefit of such integration Is th&t the results of
wake-vortex, wind-shear, and meteorological observations and calcu-
lations would be directly accessible by TIPS (and TAGS), and hence,
by ARTS, NAS, and the tower and TRACON controllers. This will
allow {1) wake-vortex and wind-shear information to he passed to
the Metering and Spacing function in a timelv fashion, (2) wake-
vortex, wind-shear, and metcorological-information to be displayed
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on the TIPS displays, and (3) graphic representations of these data
to be generated and displayed on the ASDE/TAGS display,

The Tower/TRACON system developed under thesc assumptions
resembles the one diagrammed in Figure 5.2.1,

By far, the simplest approach to the implementation of these
capabilities would be to procure a single computer to carry out all
of the functions. It would be sized to accomplish not only the
- TIPS data management and communication functions, but also, the
- TAGS surveillance and display functions and the functions associa-
ted with the WVAS/Wind-Shear and Meteorological systems. There
are a number of small computers which can do thesc tasks, many of
which are available with real-time operating systems developed for
this type of environment,

A different approach might be to assemble a group of micro-
and mini-processors together in a configuration as in Figure 5.2-2.
In this configuration, the minicomputers at the top of the figure
handle the TIPS and TAGS functions, and provide reduced capability
backup for each other, They are connected to a common bus which
allows them to share 1/0 devices, such as communications to the
other TIPS computers and the TAGS display, and two memories: a
data memory and a two-port memory shared with the other part of
"the configuration, This lower portion of the figure is composed
of the set of microprocessors for the vortex, wind-shear, and
meteorological systems. Each processes data from its data-
acquisition subsystem using its own memory, and puts the results
in the common dual-port memory through the lower bus, Note that
-the duty vycle and/or the amount of output data for cach of these
systems is relatively low, as the combined demand on the common
memory is unlikely to be a critical design factor.

This configuration is quite flexible in that the number of
micfoprpcessors in the data-acquisition row is arbitary, depending
only on the systems installed at the airport in question., Further-
more, the size, configuration, and programming of the mini-or
microprocessors of the top row is independent of the lower, cxcept
to the extent of the data passed through the dual-port memory.
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The principal recommendation of this section is obviously that
the data-processing fuqctions of TIPS, TAGS, wake-vortex, wind-
shear, and meteorological systems should be integrated.

An additional recommendation, almost implicit in that integra-
tion, is that TIPS be the communications central for the Tower/
TRACON systems. To do this, the communications links from the
ARTCC, TIPS, and ARTS should be led through a patch panel (similar
to the one proposed for the prototype TIPS system), so that in the
event of a problem with the TIPS TDPS processor, the original NAS-
ARTS link can be recreated. For this purpose, the NAS and ARTS
software handling this communications path should, if it is dif-
ferent from the software communicating with TIPS, bhe stored on
disc at NAS and ARTS ready to be loaded and run in the emergency
situation.

Very few resl problems involving data-processing, per se, were
uncovered during the study reported here. Of course, it is always
necessary to keep in mind during system design the interfaces to
be developed with other systems, both current and future, and to
consider cacefully the possible interactions. Since the MSDP
systems have tended to evolve over a period of time, it has been
possible te build to a great extent on existing work. In the
data-processing area, this has so far seemed to work reasonably
well,

-
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B. SUMMARY OF FINDINGS. CONCLUSIONS, AND RECOMMENDATICNS

6.1 INTRODUCTION )

The andlysis of the integration. of the MSDP systems into
the tower cab environment described in this report is prelimi-
nary in nature. Because of the limited time that was available
for the study, it was necessary to carry out various portions
of the study in parallel with little opportunity for cross refer-
ence, As a result, many of the conclusions and recommendations
are presented in the text together with unresolved counterargu-
merits. This section consolidates those differing points of view.

For the purposes of this summary, the material has been
grouped into six categories:

a. The physical integration of the equipment in the tower
cab and on the airport surface,

b. The effect of the introduction of the new systems on the
operations in the tower cab,

¢. Human factors aspects of the integration,
d. The functional integration of the new systems,

€. Interfaces between the new systems and between the new
and existing systems, and

f.. Failure modes in the tower c¢ab after the new systems have
been introduced.

The depths of the analyses of the various MSDP systems varied
widely depending principally on the degree to which the system in
question has been developed.

6.2 PHYS!CAL)INTEGRATION IN THE CAB AND AIRPORT

6.2.1 Tower Cab Studies

The tower cabs of a representative sample of airports, six in
number, were studied to determine physical (and operational)




rapifications of the integration of the NSDP systems. In each
case, a configuration was proposed which included the MSDP systems
appropriate to it. The systems considered were those which make
use of large displays and are fairly well defined; namely, TAGS,
ASDE-3, TIPS, remoted ARTS 111 and ARTS 1I.

Although no broadly applicable findings oan be establishaed through thase
cf?@rta, botk beoause of the umique nature of eaoh tower cab and airport
and beoause of the preliminary and wwerified nature of the tnvestigation,
still the feasibility of tnatalling the new systems as designed, with
minimm integration of equipment has been shaum for these 8siz cases,

It ¢g tmportant to note, moreover, that these analyaee have not been
reviewed by the respective atrports and until so verified and corracted,
they should be considered quite preliminary.

Bevause airporte and towar cabs diffar among themesglvee ao radically,
the atudy should be extended to many more airparts. '

The following common principles were developed for fitting
the MSDP systems equipment into the six representative tower-cab
layouts presented in this report.

a. Wherever possible the TIPS displays were mounted on
pedestals on the floor in front of the console, swiveling in cut-
. outs in the counter. This arrangement has advantages of flexi-
bility and ease of use over the console-mounted positions.

The floor mownt was poseible at most LC and GC postftions (ercept tn
Boaton where space did not permit).

At most FD or CD positions, the TIPS displays replaced conssle-
or counter-mounted FDEP or flight-strip equipment.

b.. The TAGS display, where present, was put in place of the
existing ASDE-2 display. In general, ASDE-3 displays were yoke-
mounted from the ceiling.

Whera an ASDE-3/TAGS diaplay waa shared by eomtroller, it was betwaen a
GC and an LC, rather than two GC's. There are too many potantial targete
of interast to twoe G 'a to fit wall on a single display.
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c. Display controls were mounted on the console, where
possible, in spare space or in place of displaced equipment.

d. Keyboards were placed on counters and integrated with
others wherever possible, '

Some of the drawbacks of these layouts are:

The eharing of TAGS/ASDE-3 displays by two controllers prevents the use
of tha "quiak-look™ (TAGS) and "two-preaentation galect” (ASDE-3) features
of the new equipment. ‘

! : The floor-mmunted TIPS display makee access to coneole-mounted controls
oomguwhat avkard.

Tha k&yboards and displays take up most of the available counter space.

! The eifect of these difficulties could be minimized by some
- additional or modified equipment.

The aongole-mounted controle could be moved to tha keyboard or even
° made a part of the TIPS "quiok-aotion entry™ capability.

Keyboarda for TAGS and TIPS could be tntegrated to save counter space.

Additional TAGS/ASDE-3 chamnels would allow better use of dieplay faeatures
and would rmeduce interference between comtrollere.

6.2.2 Integration of Keyboards

The integration of the ARTS, TIPS and TAGS keyboards was the
subject of a preliminary feasibility study.

The study ocomoluded that it would be pogsatble to attach relatively small
supplementary kcyboards onto the ARTS keyboard to produce combined ARTS/
TIPS, ARTS/TAGCS or ARTS/TIPS/TAGS unita.

The concept is that the combined units are connected to both,
or all three, systen processors with switching of signals taking
place in the add-on keyboard modules. Thus, in the ARTS mode, the
TIPS and/or TAGS modules would be passive and simply pass the
signals through to the ARTS processor. In the TIPS mode, the
signals from the ARTS keyboard are added to those of the TIPS
- module and sent to the TIPS processor. A similar action takes




place in the TAGS module,

If all the MSDP syetems arv deployed as anticipated in this stuldy,

at

leaat 79 comtroller positiona will be supplied with multiple

keyboards, 71 with ARTS and TIPS keyboards. Given the apace limita-
tions in the cabs, this may be enough to justify a keyboard integra-
“tion effort.

6.2.3

Integration of Displays

Combining displays from two systems was suggested as another
way to save space, This does not seem practicable fcr a number of

reasons

.

The ARTS ERITE display does not seem to be suttable for use by any other

of

the systems because {t lacks certain characteristiocs or featuree

desorided below.

The ASDE-3/TAGS display mequires very high resolution, resulting in a
vary expenatve wunit whick would not be suitable as the oowmom, TIPS-
alone display.

The TIPS display requires the "quisck-aotiom"data entry feature as an
integral purt of the display.

The information displayed by the TIPS and ASDE-3/TAGS is quite different

tn

nature and would require an area almoat equal to the sum of the in-

dividual areas (unless the area were time-gshared, probably net a workable
" arrangement).

6.2.4

Idealized Controller Stations

The new systems, especially TIPS, will require a great deal
of space, which must come from:

a)
b)
such as

c)

ment in

d)

existing spare space

space created by removing excess or obsolete equipment,
FDEP cr flight-strip racks,

space ¢reated by combining or consolidating existing equip
a more efficient arrangement, or

new tower cabs.



Jt would be desirable to have some rational way to minimize
the demand for space on the part of the new systems and maximize
the space made available from activities (b) and (c) above. An
attempt was made to derive an idealized cab layout, or more pre-
cisely, a set of idealized controller stations, strictly from
human engineering principles unconstrained by the actual physical
sizes of specific projected equipment or the limitations of spec-
ific tower cabs.

The idealized configurations are based on a NAFEC contrcller
station design developed earlier under another program.

While this station was a good basis on which to develop configurations
derived from information needs, it fo probably not praoctical for actual
use because of its large siss.

The basis arrangement developed for the LC station donsists of an area
piotorial display suspendad above the controller's line of gight ond

an airport pietorial display in the console beside an alphammeric
display. Funotion-seleot keys are aituated below the airport pietorial
display md alpkanwnario keyboard and FEM balow the alphowmeric display.

The developed GC station is similar but without the area display, while
the CD and FD have only the alphoumeric display and keyboard.

Communications and auxiliary equipment are provided st each station
where needed.

6.2.5 Sensor Collocation

The possible collocation of TAGS and VAS sensors at Chicago
and Los Angeles was studied to assess the cost and other advantages
which might accrue.

It vag comelulrd that becauge of aoma inccrpatible requirementa, colloca-
- tion was not alwaye poseible. Furthermore, when it was feasible, ths
- resulting cost savings would probably be only on the order of 5 percent
of the total system coat (or about 20 parcent cf the region's costl.

Other considerations, however, such g the reduction in the mumber of
obatructions near the rmoways and affioiencies in site contracting work,
-may make collooation worth coneidering on a oase-by-ocase basis.
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6.3 THE EFFECT ON OPERATIONS IN THE CAB

The effect of the new systems on the operations in the tower
cab can only be estimated since none of them have been operated
under real conditions. However, the work on both the actual tower
cabs and the idealized controller stations, as well as considera-
tion of what the various new systems are expected to include, has
led to some general conclusions.

Thare will have to be some adjustments in the way controllers operate
baocausa of the lack of space arvund some of the dieplaye, especially
those that must be shared by more than cme position. On the other hand,
eince flight strips will no Ionger be passed from positiom to position,
ths locatioms af the stations in ths cab may ba selacted on the basie of
operational convenienoe rather than flight-strip paseing.

imlese thera is a marked change in the TIPS concept; vis., to make pro-
vigion for extensiva scraich-pad operaticns, the controllers will have to
develep more retentive memoriee or supplement the syetem with aeratch

. pa.ds of their own. There seems to be evidence that comtrollers neced ond
use the ecratch-pad capability of the flight etrips; whether they canadapt
to a TIPS enviromment without scratch pad should be the subject of experi-
ment during the TIPS engineering tust phase.

The length and complexity of weathe~ oud weather-related meessazes in the
syetam will tnerease with the advent of the wake vortex, wind shear and
aqutomated metaorclogioal systems. Provisions for handliag thesa data
and conveying the information to the eontrollers and pilots are at the
moment fragmemted among the various new systems. A concarted effort to
etandardize and combine the TIPS, ATIS, AV-AWOS, WVAS and wind shear
aspecte of weather and status messages should be mowunted 12 emswre that
oontroller workloads arg not unduly inoreased and that information flow
i8 not impeded by incompatible formats or processing requiremcnts,

6.4 HUMAN FACTORS ASPECTS OF SYSTEM INTEGRATION

Controller operations in control towers exhibit certain chara-
teristics which are nct found in operations in other ATC facilities,
namely:

Ll-uhj e smn - sul Ladalls o - L e W e A Mo, ek M h mms - D s oce o s e A Yy a e mRe ke e




BT W -

a. high reliance ¢n visual contact with aircraft,
b. contyoller mobility,

c. frequent standing operations and

d. wide range of ambient lighting conditions.

The design of systems and equipment to be used in the cab must talke

these factors into account.

Another general feature to be noted is that controllers may have one hand
eontinually occupied with a presa-to-talk switch; new equipment should
avoid requiremants for two-handed operation.

The new asystems will not, in general, provide workload relief to the
controller tn the cad; moat of the elemente are designed to permit the
oontrollaers to do what they are doing now but with a greater degree of
affectivendss. Thay provide more accurate data, maks tha data more
aceasaible or provide new types of data. This incrcase in effeotivenesa
generally involves an inereased workload - more data to process more
atreraft to service and more information to relay.

The introduction of the new systems will also, in generwl, add equipment
to already crowded towers, making the eomtrollers' enviromment lass eon-
ducive to effictent operation. New displaye and keyboarda are called
for vhich could more than fill the available cowrter space; requiring
measures such cs the floov~mounting of displays. Thie would force
controllers back aquay from windows, reducing their, in some cases already
regtrictad, visibility.

To alleviate theade two conditiona -- comtroller workload and work-area
crowding —- the new eystene to be introduced into the caba should be
integrated where possible. The effect of the integration should be:

1) to provide increansed processing of data to relieve ths controller

of the to ecatimate or caleulate mentally; an exanple 18 "time
to thr " for approaching aireraft, and
2) to . "ine display output in a way whish provides information

eonveniently and efficiently: for czavple, time-of-day and metoor-
ological readings on a display such as TIFS.

To the cxtent that the eontrollers xan hmdle Tnorcased workload effec-

tively and safely, thefr proluctiv/ty will be ivorcased.  The human
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factors evaluations and recomrendations of this studv are all aimed at
increasing the assurance that, given these ayatem improvements, con-
trollers will be able to achieve increased eystem thi-oughput. However,
increased controller productivity cam not be guaranteed from design
studies; hence, the emphagis in the recomendaticms that aitmilation
atwlics be initiated as early as is feaaible. '

6.5 FUNCTIONAL INTEGRATION OF THE SYSTEM

As a general rule, each of the systems being developed under
the Major System Development Programs has been designed to act in-
deﬁendently of the others, It is appropriate at this time, when
deployment plans are being prepared, to think about ways in which
TIPS, TAGS, ASDE-3, WVAS, etc. could be implemented in an inte-
grated, cooperative manner. Two areas of possible cooperation
suggest themselves. )

TIPS ahould be regarded by all of the other systems as the central com-
mmication path in the tower/TRACON complex. Thie ie a natural extension
of the cwrrent TIPS/ARTS/NAS cormunications concept and would serve to
rationalize wud standardize the commomications process in the camplex.

The data-processing fimotions of TIPS, TAGS, WVAS, wind shear, ond
meteorclogical syatems should be integrated tn one fashion or another.
Both a single minicomputer.and a eonfiguration of microcomputers were
put forward as possibilities. The advantage of such an approach ia that
data derived from the sensors of all of the systems would be available
for use and for display by any of them. In particular, the weather and
weather-ralated data, from WAS, wind shear, and meteorclogical syatems,
would be quatlable for display on TAGS and/or TIPS and WVAS data would
be aquailable to the ARTS metering and spacing funntiom,

6.6 INTERFACES AMOMG TOWER CAB SYSTEMS

The interfaces between the controllers and the tower-cab
systems, both old and new, and betweesn the systems themselves are
a matter of great concern. The matrix in Table 18.6.1 shows the



interfaces between the controller and the ten systems considered
in this report. The spaces marked '0' indicate that there will
probably be no important interface across which information or
controi u;ll flow. The spaces marked 'l indicate that any inter-
face is indirect, as for examplce; NAS/ARTS, which will exchange
information via TIPS. Note in the case of the controller and MLS
that a status-only interface is indicated, which is mcant to imply
that the controller will have the responsibility for monitoring

TABLE 6.6-1 MSDP TOWER SYSTEM INTERFACES

Controller|NAS|ARTS

TIPS

TAGS

WVAS

Wind
Shear
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logical

s
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DABS

Cont
RAS
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TAGS
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MLS
PSS
DARS

Meteorological
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0 = po interface

I =

indirect interface
status only

interface discussed in the text

69




equipment performance but will not get informatinn from MLS with
respect to the air traffic situation.

The interfeces marked with asterisks will be discussed in the
paragraphs below, with the discussion of the indirect interfaces
interpolated where appropriate.

Controller/ARTS

For the moat part, the interface batween the controller and ARTS will bae

wnohanged, at least extermally, when the new agyatema are introduced. This

will be both because the interface already exists and 718 in ugo and

baocause there ts a nead to maintain eontinuity of operations for bsnefit

of the ocontrollers. If, haever, TIPS is made tha ocommunioations oantral

exohange anomg the automation syatems as has baeen suggested, thia intar-

face may disappear in favor of the controller/TIPS interface. Careful

syatem dagign could make tha changcover very simple by retaining to a :
large degrea the outuard foim of the interaotion -- making similar actiona

produce atmilar reactions in the two situattons.

Controller/TIPS

The interface betwaen the controller and TIPS has baen the subjeot of
much design effort and probably could be improved only after considerable
exparimentation or gimulation. Tha only areas of ooncemn which have bean
noted in thie otudy are thc usa of TIPS to replace the flight etrip with-
out providing a replaccment for the extemsivaly wused "soratoh-pad”
funotion of the etrip, and the posstbility that the physiocal placement
of the display/Jata entry devices might be inoconveniant or mwkward.

Controllar/TAGS

The TAGS input and output devices will resemble olosoly the ARTS and
ASDE keyboards and BRITE Jdisplays already in use. The interface with
the controller does not appear oritical at this stage.

Controller/WAS

Thé intarface betweon the oomtroller and WAS {e stratghtforward -- the

aiﬁgle display devioce desoribed earlior. It has been suggestcd that a

more integrated approach be followed by providing WVAS information cn the

TIFS, TAGS or ASDE-3 display, thus reduoing in member the array of devicea .
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confronting the oomtroller. This, of ocourse, has t'npliéatim for the
data-processing activities in the tower, as described abovs.

Controller/Wind Shear .

The remarks above om WVAS hold squally for the interface batween fhc con-
troller and the wind shear system.

Controller/Meteorologioal

The various metecrological systems in use provide output to the oomtroller
via oomventional dials and gauges. Much-needed space oould be eaved, how-
ever, if the digitized outputs of the sensors wers provided to the I'IPS
ocomputer for display on the TIPS output devioce. This would also make the
moasirementa auailable for distribution to the ARTS and NAS acvgputere as
wall.

PITPS/NAS

The interface batween TIPS and NAS {a a major one whioh has been the gub-
Jact of much thought on the part of system developers. All of the flight
data used in the terminmal will pags from NAS to TIPS through this inter-
face. In addition, {t is planned that data {nterchange between ARTS and
NAS will pass through TIPS via the sama interface. If TIPS is established
as commnications manager for the tower/TRACON camplex, them this tnter-
face will be quitc sy, lsemim not only the TIPS nesds, but indirectly
thoee of TAGS, WVAS, wind shcar and mateorclogical systems.

FSS/NAS

This FSS/FAS interface exfete now and probably will become mere utomated
and more active as VFR flight plana in cormputer form are made availabla.

DABS/NAS

The DABS/NAS intaerfice ts not defined at present although ite general
characteriatics saeem to be knowm. It €8 really ocutaids of the sococps of
this work and ia included only for oamplateness.

IIPS/ARTS

As with tha TIPS/NAS £kerfaae. the TIPS/ARTS interface has beem dasoribed
in detail for the prototype inatallatiom but mot for amy production systat




Agatn, the interface ocould serve TACS, WAS, wind shear and meteorvlogiml
systema irdireotly.

If arrival separation standards are gver reduced to three milos or leaa, .
departure gap.s would be eliminited under saturation conditions. Inter- A
arrival gape will have to be oreat d (or Jdeteoted) by N4S and daparturas

will have to be synchronized procisely with these gaps. Departure sche-

dules will have to be sent to N4S and gap timea aent to the CD, GC and

LC poaitions, ideally through the TIPS/ARTS interface.

WAS/ARTS

The interface between WAS and ARTS will exist for the purpvee of paDng

wake vortex or epacing information to the metering and apactng funotioma

of ARTS. It is recommended elecvhery in this report ‘hat the actual

measage trwmafer be carriod cut through the TIPS as a commom communioa-

tions facility; if WVAS precodes TIPS in the field, howover, a direct .
interface, if only temporary, will have to be proviiad.

The time between changes in metdorologiocal conditions sufficient to pro- .
duce ohangee tn WYAS indications ia estimated to be of the same onder of

magnitude as the time during whiich alrermaft vould be in the approach path,

15 to 30 minutes. Therefore, the dynamic charrcteristics of the meteoro-

logical phenomena will have an effect on the N4S computations and ehould

be taken into account during N&S davalopment.

DABS/ARTS

&mapt for the posaible use by tower operations of the data-link capa-
bility of DABS, the interface is not garmme to this document. The data
link may prove to be an importcnt adjunct to the TIPS and TACS operatiom
harever, Automatic delivory of cleamanoe through TIPS and troemigsion
of MLS-derived poaition ditu to TAGS are exwmples of pogsible data-link
useg.

TAGS/TIPS

The TAGS and TIPS aystoms will! have need to exchange information, such
as flight data from TIFS and actral time of arrival from TAGS. If the
systems gre implamenteod with ecparate computers, them a measage-exchange
oapability, hardwars and software, must be provided. If, as {e suggestal
eartivr in thia document, the processing facilities of the ha: ayetems
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are integrated, them the information tranafer will ba possible using what-
fver interprocess cawamisations teohniques are provided by the operating
system used.

WVAS, Wind Shear, Meteorologioal/TIPS

These interfaces; i.e., WAS, Wind Shear and lMaeteorclogical/TIES, are

. atwilar to each other in that they will extet omly to the extent that tha

integration suggestions prasented earlier are actually implemented. If
1t €a asaumed that there will be a mieroprosesaor asscetated with each
sensor to digitize and preproocess the data, then the ocutputs can ba pro-
vided to the oomtroller eithar through separate mioroprocessors and dis-
plays or tntegrated wvith TIPS (and indirgotly with TAGS) for processing
and display. In the firat ocase, no tnterfaces exist; and in the segond
oase, the interfaces are the hardware and software faotlities for acocept-
ing the data for proveasing.

If the interface between WVAS and TIPS is implemaentéd, it oan serve to
convey wake vortexr information to tha metering and spacing funetiom of
ARTS.

NLS/TIPS

Proviaion has beem mada in the NLS destign for ground-to-air transmigaion
of suoh data as eondititon of rumsay operational status of the cuidanoe
eystam and weathar data. If such data are to be provided to NLS, they
should eome from TIPS (assuming the integration men*ioned abo o8
placse}. The interface would be a rather straightforvard meseage - trane-
Sfar faoctlity.

FSS/TIPS

There is currently no plan for an tnterface betwsen FS5/TIFS. It ts
conoatvable that allowing flight plone filed at Flight Service Stations
to be entered direotly inte tha TIPS data files might prove useful. If
80, the tnterface would presumably ba via a phong line and standard hard-
ware/softuare modulas.

If the meteorologtoal data collected at the airport 1s available in the
TIPS proceseor, then this tnterfacs ocould be usad to connay such data to
the Flight Servige Station, if deaired.
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6.7 FAILURE MODES IN THE TOWER CAER

There are two aspects of system/failure that have been addres
sed to some extent in this study: reliability and backup. The
first concerns efferts to prevent failures while the second in-
volves the reaction to failures if and when they do occur.

Faitlure oomsiderations have not really been addressed in the design of
the ngw systams (other than ARTS IIIA) since they are for the most part
etill in tha experimental phase of their development. When tha principal
charaoterigtice of the new systems are knowm with gome certainty and the
deployment plans are relatively fized, comeidarable thought must be givem
to the tradeoffs amomg costs, individual ayetem reliability and baskup
operations.

Soma relatively simple provigions for continued operatiom in the event of
partial syetem failure have been conaidered for the TIPS tower subaystem.
The tower supervigor has the capability to recomfigqure (through the in-
put-cutput terminal) the poaitions saerved by the various diaplays. Honce,
if a display ie disabled, a spare unit oan be asaigned to that position,
or the pogition oan be combined with another to share the same display.

A fatlure tn the tower-display processor, while leaving the displawuwith
thaeir last data presentation viaible, disables the touwer gubaystaom.

The TAGS/ASDE-3 syetem will achieve a certain amount of reliability by
supplying high-rigk compements, euch as the transmitter/receiter seotion
of ASDE-3, im dupliocate. The hybrid systeom will also provide some dupli-
cation of fimction which wtll allow the eontroller to keep working if
part of the syatem goas doum. For exwnple, if the ASDE sensor fails,

the ATCRBS sgengor will still maintain poaition and identification of all
beacon-equippad targets; if the ATCRBS seneor fails, the ASDE sensor will
supply at least position information for all targetas.

In spite of theee afforts, the tower operation will suffer wicn problems
ocour tn ong of the ayatcoms becauae the syatems are interrelatad in one
way or another and hence cannot be protected by measures which affect
only individual aystems. Thore rugt bo o inelusiva plan which makes the
proper tradeoffs, mentioned above. It should insiet on high-reliability
aomponénts or redundant equipmant where coet-effective and must maks
proviaion for replacemant or back-up finetions on a syetematic laseia.
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Provigion of manual baokup tn the event of fatlure would saem to be a
sarious miatake. The new equipment will replace such things as printed

" Jiight strips and stripholders; resorting to seratoh pade and handuritten
fligat strips (vithout bays for organizming them) would result in an opera-
tion more primitive than the moet poorly equipped ocurrent operatioms.

A systematio, integrated plan ;_» r?liabla, eontinuous operation ia ngeded
before any produation systam {e prooured.
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