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NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
thereof.

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

This documen t describes the results of a study
undertaken June-July 1977 by a Task Force establ ished
by R. Wedan , Deputy Director , Systems Research and
Development Service , FAA Headquarters . The Task Force

was com posed of personnel from The Transportation

Systems Center and FAA Headquarters Systems Research
and Development Service (SRDS), Air Traffic Service
(AAT), Airways Facili ty Service (AAF), and Fli ght
Standards Service (AFS). This document , a comp ilation
of the Task Force effort , was written by J. Canniff( and J. Golab of the Transportation Systems Center , and
edited by R. Mahan of Raytheon Service Company . 
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1.0 INTRODUCTION

The “Functional Utilization of DABS Data Link” is a report
on the results of a 1977 Task Force study e f f o r t to recommend
potential operational applications of voiceless two-way digital
communications between aircraft and FAA Ground Facilities to be
tested for evaluation purp oses in the DABS Exper imentation Pro-
gram . Data Link messages are transmitted (air-ground/ground-air)
through Input/Output (I/O) equipm ent wi th messa ges ori g ina ting
fror1~t cockpit keyboards and FAA Ground Facilities.

Messages transm itted to aircraft are discre te , i.e., directed
toward a specific aircraft , and using a- particular assigned code
as the means of addr ess . Messages are received automatically
through printers and/or video display units. In the foreseeable
future some messages presently requiring manual input will be
transmitted and received automatically throug h the use of compu t-
erized data , thus reducing substantially the controller/pilot H
workload.

The present Air Traffic Control Radar Beacon System , ATCRBS ,
has the capacity to identify on radar all DABS transponder equipped
aircraft. The ATCRBS ground sensor scanner transmits a signal
effecting a response not only from ATCRBS transponder aircraft ,
but also from those equipped with DABS transponders. This
transponder response is then display ed on the radar unit viewed by
the air traffic controller, it will be through this DABS trans-
ponder uni t , by way of the DABS ground radar sensor scanner , that
future data link messages will be transmi tted and received.

At some future date it is expected that the DABS ground radar
sensor scanner will replace the presen t ATCRBS ground system .
However , the flex ibili ty of DABS , and its compa t ib ili ty w it h the
present system , allows for a progressive , non-disru pt ive , efficient
and economical replacement .

Thus, this document , “Functional Utilization of DABS Data
Link” , addresses itself only to the current DABS experiment pro-
gram . The program , as described in this work , concerns itself
with suitable areas for experiment and testing , priority of mess-
age types , interfacing of advancements with the present system ,
and types of software and equipment required . These areas of
conce rn are few , and only partly cover the many facets of the
complex program wh ich is the “Functional tJtilization of DABS Data
Link” .

I 
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2.0 OPERATIONA L REQUI REMENTS FOR DATA LINK

The operational need for some form of digital air-ground/
ground-air data link has been addressed by a number of national
and international organizations over a period of years , such as
the Federal Aviation Administration (FAA) , and the International
Civil Aviation Organization (ICAO). In studies conducted it has
not been possible to identif y a specific point in time or a unique
set of operational requirements where the present voice communica-
tion system will be inadequate and a data link supplement will be
absolutely required . This is due , in part , to the expansibility
of the present ATC system and the evolutionary nature of future
system s. However , there is general agreement that a data link
capability will be required in the foreseeable future. Some of
the factors which contribute to this general consensus are discuss-
ed below .

Safety of Flight - The principal motivation in the implementa-
tion of data link is the increase in safety that will result.
Time-critical messages will be delivered to the aircraft quickl y
and efficiently, with no loss of information from garble , thus
increasing the likelihood that hazards to fli ght will be resolved
before they become critical.

Understanding radio communications can be difficult , especially
when both pilot and controller initiate messages at precisely the
same moment , with the effect of cancelling each other out.
Digitized data link messages , discretel y directed , can circumvent
such interference in contoller/pilot communications and assure
transmission of time critical messages and further enhance safety
of oper at ions .

VHF Frequency Saturation - As the volume of air traffic
increases in the future and more services are extended to the
aircraft , there will be an increased demand on voice channel
utilization. This is already evident in two ways: sectors
within a given ATC facility have become smaller and more numerous ,
thereby creating a greater demand on the limited channels
available; and the communication load within a sector will , in
time , become higher to the point of saturating the channel. A
data link capability would relieve such saturation.

Con trc .ller and Pilot Workload Benefits - A significant
portion of a coi.troller ’s workload is attributable to two-way
voice communications. ,.\t times this task also becomes demanding
to the pilot or a cre~c member of an aircraft. Thus the workload
would be diminished if a portion of the air-ground/ground-air
communications t~ere transmitted o v e r  data link.
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Message Integrity - There are examples in two-way voice
transmissions where messages become garbled to the extent of
being unintelligible , or words and phrases are simply misunder-
stood . The integrity of radio transmissions by individuals ,
both controllers and p ilots , varies considerably despite standard
phraseology required in ATC . The clarity of voice transmission
al so var ies accordin g to the ind ividual’ s ability to project his
voic e to obtain proper modulation ; however , even with good radio
technique , other factors such as poor voice quality and marginal

• . equipment could effectively alter the quality of transmission.
A data link capability where messages are displayed would improve
significan tly the integrity and verification of communications.

New and Imp roved Communic ation Servic es - The advent of
digital technology, including a data link capability, allows for
the high speed transmission of large volumes of data. This , of

• course , also allows the capability of providing services which
were not attainable in the past , and of increasing the delivery
speed of present serv ices. Exampl es of new service s involv ing
large volumes of data include the uplink (ground to air) of
digitized weather contours , navigation charts , and raw target
reports for on-board separation assurance computations , as well
as the downlink (air to ground) of raw flight data. These types
of data increasingly are generated in digital form and lend them-
selves to transmission over a data link .

Speed of Message Transmission - The utilization of digital
data link will decrease the required transmission time for all
message types , critical and routine. Under future concepts such
as ATARS , Automatic Traffic Advisory and Resolution Services , it
will be possible to issue programmed commands directly to the air-
craft , thus allowing more time to resolve conflicts.

TSC STUDY ON FUNCTIONAL UTILIZAT ION OF DABS DATA LINK

Study Initiation - In June 1977 , the Transportation Systems
Center (TSC) received a request from FAA Systems Research and
Developmei it Service , to prepare a p lan for develo pm ent of the
functional utilization and hardware/software aspects of the
DABS data link as it would be intefrated into the ground
communication system. A Steering Group comprised of Division
Chiefs from Systems Research and Development Service (SRDS),
Office of Systems Engineering and Management (OS~~1), \\1E C ,
FAA Air Traffic Service (AAT), FAA Airway Facilit ies Service
(AAF) , and Fl ight Standards Service (AFS) was set up to
offer technic al direc tion to the study. In response to this
request TSC formed a study team wi th represen tation from each
of the funct ional areas of in teres t to the study . Period ic
reviews wi th the Steerin g Group we re held as the study pro-
gressed . In add it ion , technical interface s were estab l ished
wi thin the FAA to provid e for informa ti on flow to the st udy
team .

- - , 
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Study O~j~~ctives - The prima ry objective of the study is to
identif y requirements for a test bed for the DABS Engineering
Model demonstration of data link applications for selected func-
tions which will be established at the NAFEC facility in 1979;
NAFEC will also serve for future tests as the data link functions
become more inclusive. The applications would necessarily be

• related to on-going FAA prograr . Secondary objectives of the
study were to:

a) Demonstrate to the FAA , commercial and general aviation ,
and to airline operations , new safety and information
service;

b) Prepare for possible earl y imp lementation of services
that show substantial safety benefits ; and

c) Provide a blueprint for ground communications needed to
interface with the DABS data link .

The scope of the study was to encompass the interests of both
general aviation and commercial aviation. Major functional areas
to be considered were:

a) Control Message Automation;

b) Fli ght Service Station Automation ; and

c) Airport Surface Traffic Control.

In addition , the study was to pay considerable attention to the
possible use of a stand-alone data link facility using an omni-
directional DABS antenna that could be implemented earlier and at
lower cost than the full DABS surveillance system . This feature

• would be of special interest to applications requiring airport
surface coverage. The approach adopted by the study team in
determining the candidate systems is outlined below:

• Document FAA technical program plans.

• Document DABS test facility p lans , schedules and capabili-
ties.

• Document technical requirements associated w it h each
functional area consistent with FA,\ program plans and user
group constraints. Consider various levels of automation.

• Define candidate functional areas and consider possible
methods of implementati on and airborne disp lay require-
ments.

• Establish criteria for the selection and further considera-
tion of candidate functions.

_  
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• • Selec t  top priority candidates through r e v i e w  w i t h  the
S tee r ing  Group .

As a result ~f the review and selection process outlined
above , mes sage typ es for each func tional area con sid ered by the

• study team were developed . These are contained in Table 2- 1 .
• In addition , criteria were established both f0r  s e rv ice  p r i o r i t y

and simplicity of implementation. These are listed in Tables 2-2
and 2-3 respectively. Message types were grouped into service
areas such as terminal control , enroute control , ground/local
control , flight information services , and company communications ,
and ranked in accordance with the established criteria. The

• results of this ranking process are contained in Table 2-4. The
s tudy team and S t ee r ing  Group then met  to agree  on the  h i g h e s t
p r i o r i ty m e ssage  t y p es w h ich  a r e appr opr i a t e  fo r d at a  l i n k te s t
and d e m o n s t r a t i o n .  These h i g h e r  p r i o r i t y  m e s s a g e  types  a re
l i s t ed in Tab le  2 - 5 .

Rationale for System Test - From d i s c u s s i o n s  held  w i t h  the
Steering Committee and other individuals in the process of generat-
ing this report , a set of basic ground rules was developed for
those concepts which were to be tested on DABS Data Link . All
sys tems  were  selected for test on the basis of:

• SAFETY OF OPERATIONS

• U T I L I T Y  TO PILOT / \TC

• TIMELY FOR TEST

• SIMPLICITY OF IMPLEMENTATION

The primary reason for implementing any dig ital daca link
is to enhance the safety of aircraft operation. The communication
of real-time weather products , e.g., hourly observations , to the
cock p i t  a n d t r a n sm i s s i o n of critical ATC messages in a fail-safe
manner  are  the  t r u e  b e n e f i t s  to the user in a data-link environ-
ment , and hence the priority candidates for test.

Although many candidate sys t em s certainl y contribute to the
safety and utility of the pilot , primary consideration was given
to those test systems whose planned date of development for test-
i n g w a s  w i t h i n  t h e l~L i 79 t i m e  f r a m e .  T h i s  r e p o r t  f ocuses  on
s y s t e m s  w h i :h  have  a n e a r - t e r m  rea l  i :a h l e  b e n e f i t :  n e v e r t k e l e s s
t h e  t e st - b e d  f a c i l i t y  w i l l  he f l e x i b l e  enough to absorb o t h e r
ca n d i d a t e  sys t ems  f o r  f u t u r e  t e s t i n g . A f i n a l  f a c t o r  is t h e
d e s i r e to kee p t h e pr o t o t y p e  s y s t e m as s imp le as possible , so
t h a t  t e s t  i m p l e m e n t a t i o n  does not  become an o v e r r i d i n g  cons  ider a-
t i o n.  I t  is reco iw. i ended  t h a t  w h e r e v e r  p o s s i b l e , t he 1)ata L i n k
P r o g r a m  O f f i c e  w i l l  t e s t  p:~r t i a1 concepts with a n ey e t o w a r d s  fur-
the r d e v e l o p n i e n t , r a t h e r  t h a n  w a i t  u n t i l  the  f u l l , comp l e x  sy s t e m
is av a i l a b l e .  ~iuch needed , desirable information can he g a i n e d
c ro~l a t e s t  of mo re s i m p l e  c o m p o n e n t s  of a l a r g er , com p lex s y s t e m .

5
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• Other Considerations - The t e c h n o l o g y  de ve loped  u n d e r  t h i s
program will be app licable to t he  e n t i r e  i n d u s t r y ,  b o t h Comme rc ia l
and Gene ra l  A v i a t i o n .  F le x i b i l i t y ,  and a c a p a c i t y  to  f u n c t i o n
u n i v e r s a l l y  are the key c r i t e r i a  fo r  the  d e v e l o p m e n t  of e q u i p m e n t
t o be u sed in a i r c r a f t . Although more sophisticated equipment
will ultimately be developed for cockpit use , the present effort
will be directed toward the ‘least common denominator ,’ or that
equipment which is acceptable for general use. Since a cockpit
printer is capable of display of all messages , long and short ,
and appears to be a common element in all cockp it disp lay comple-
ments , all display requirements will he directed towards a printer
only as a minimum capability. If any of the test aircraft are
to be equipped with more sophisticated display equipment , then
further distinction can be made on display considerations . This
sa m e co n s i d e r a t i o n ca n h e made with respect to a keyboard entry
device.

It is also recommended that a mini-computer be included in
the ground equipment confi guration to act a~ a lre-processor for
the various sub-s ystems data which must he reformatted before it
can be encoded by DABS , a n d  perform the computations require d to
address any messag e to the appropriate aircraft.

6 
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• TABLE 2-1 . LIST OF MESSAGE TYPES

MESSAGE TYPES UPLINK DO WNLINK

CONTROL MESSAGE Frequency/Code Assi gnme nt
AUTOMATION Al timeter Setting

• Heading/Al titude Speed
Ins truc tions
Hold ing Ins truc tions

• Approach Clearance
Reque st for Posi tion Acknowled ge

Rer~ort 
Unable

MSAW Pilot Request

• Conflict Alert Pilo t Repor t
Metering and Spacing

FLIGHT INFORMATION AT IS/NOTAM S
SERVICES Pred epar ture Wea ther Fligh t Plan

• Severe Weather Advisory Filing
Weather  Report

TERMINAL INFORMATION ATIS/NOTAMS
PROCESS iNG SYSTEM Fli gh t Plan Clearance

Beacon Code Assignmen t
Standard Taxiway Route
Runway Assi gnmen t Acknowledge
Assi gned Star Unable
Ga te A ssignmen t

WAKE VORTEX/ T-tLg~-. Alti tude Winds
WIND SHEAR Center Field Surface Winds

Threshold Wind Ch ange
Vec tor W ind Change
Shear Existence
~1 ax Shear Measuremen t
V o r t e x  E x i s t e n c e

COMPANY F l i gh t  F o l l o w i n g
COMMUNICAT IONS L o g i s ti c s

~‘1 a in ten  an ce
Pax Serv ice

N.B. Downlink transmissions , where indicated , are common to on e
or more Uplink transmissions , bu t no t nece ssar i ly common to al l
U p l i n k  t r a n s m is s i o n s . A l s o , Downl ink transmissions may not re-
quire an Up link response.

• -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2-2 . SERVICE PRIORITY CRITERIA

1. SAFETY OF OPERATIONS

2. SEPARATION ASSURANCE

3. EFFICIENCY OF OPERATI ONS

4. NEW OR IMPROVED SERVICE

TABLE 2- 3. EASE OF IMPLEMENTATION CRITERIA

1. ALREADY PLANNED OR EXISTS

2.  SLIGHT MODIFICAT ION TO E X I S T I N G  PLANS

3. MODIFICATION TO EXISTING PLANS
• ADDITIONAL DEVELOPMENT REQUIRED

8
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T A B L E  2 5 .  PRI ORITY CANI )TDATES FOR DATA LINK DEMO

ATTS/NO ’I’AM S

PR I D E P ART URF ~V FA T HF R

SEV ERE WEATHER ADVI SORY

T A K E O F F CLEARANCE C O N F I R M A T I O N

•\ITITE JDF ASSIGNMENT CONFiRMATiON

1)O~c N l I N K  ‘~c E A T H E R  INFO (PIRFP)
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3 .0 RECOMMENDATIONS FOR TEST S Y S T E M S

•\s stated previously, the primary considerations for each
candidate test sy s t e m  were the safety and utilit y aspects , the
timeliness ol a v a i l a b i l i t y  for test , and the simplicity of
i m p l e m e n t a t i o n .  W h e r e  possible , the sources of data for each
a p p l i c a t i o n  a re  i d e n t i f i e d , a l on g with t h e d e s c r i p t i o n  of t h e
f l o w  of  t he  da ta  t h r o u g h  t h e  ATC syste,n and a statement of the
present and future status of automation .

3. 1 E X C H A N G E  OF IVEAT LIER DATA

There  is general agreement wi thin the pilot communit y that
the presence of real-time weather information in t h e cock p i t
would he of great benefit. Until recently, there was little route
oriented current informatio n available to the pil ot. Surface
observation and forecast data obtained durin g a preflight briefing ,
augmented by in-flight FSS b r i e f i n g s , T WEB , and VOR r e c o r d i n g s , was
the only information available , and very o f t e n  it w a c  not  c u r r e n t .
T h i s  v o i d  has  b e g u n  to he f i l l e d  h the Enroute 1:1 i gh t  A d v i s o r y
Sys tem ([LAS) positions wi thin Flight Service Stations (ISS)
whic h provide r e a l - t i m e , in-flight , current weather r e p o r t s  to
p i l o t s  w i t h i n  t h e i r  c o v e r a g e  a r e a .  H o w e v e r , an  ‘ A v i a t i o n  W e a t h e r
Sy s t e m  P r o g r a m  P l a n ’ was  rece n t l y  r e l e a s e d  ( i n  d r a f t  f o r m )  w h i c h
o u t l i n e s  the  intended organization of we ather-related activity
(d a t a  acq u i s it i o n , p r o c e s s i n g , c o m m u n i c a t i o n  ar 1J p r e s e n t a t i o n )  i n t o
a single integrated system c a p a b l e  of m e e t i n g  n e a r - t e r m  require-
ments and future e x p a n s i o n .

Many of the elements of the improved Aviation l’eather System
(AWLS) readily lend themselves to data link applications. Under

AIVE S, information which is more current and complete , will be
mor e r apid ly distributed in a format dire ctly useful to pilots.
The major focal point for real-t ime collection , monitoring ,
interpretation and disse mination of hazardous weather i n f o r m a t i o n

• will he concentrated at the ARTCC Weather Facilit y (CbLF ) w ithin
each ARTCC around the country. The key improvements include a
professional meteoro logical staff at each ARTCC to monito r weather
developments and provide general weather briefings and h a z a r d o u s
weather advisory s e r v i c e  to controlle rs , includ i ng PIREPS. Thus ,
the Data Link mi ght he used to directl y dissemin ate any informa -

• tion collected by CWEF personnel.

3. 1 . 1 ~pjink l.eather

ESS A u to m a t i on (FSSA) Program has d ev e l o p e d  a computer s y s t e m
• which processes the same weather d a t a  a v a i l a b l e  t o  t h e  ESS

specialist and disseminates it under text and voice response
formats f o r  d i r e c t  a c c e s s  t o  p i l o t s .  This dat a base cou ld he
accessed to furnish pilots w i t h  route—oriented i.. e a t h c t  ad~~i sor i c~
conta in i ng hourl obse rca t ions , t e rm i m a I f o r e c a s t  s • h i n d s  a l o t
d a t a  , weather warn i n t ~s , ~OT\MS , P1 Ri PS , and ~ cat her s~ n~ ps es
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The availability of this data would augment previousl y obtained
d a t a  with more  c u r r e n t  w e a t h e r  i n f o r m a t i o n  r e l e v a n t  to  the  needs
of a p ilot enroute.

One b a s i c  r e q u i r e m e n t  fo r  t h e  r e q u e s t  of w e a t h e r  i n f o r m a t i o n
is a keyboard in the cockpit upon whi ch alpha numeric data is
entered . If one accepts this concept , then the implementation of
the weather message interface is strai ght-forward . The pilot
would formulate a request for weather on his keyboard d’?vice ,
transmit the request down the link , where the ground c uinputer
facility would format the request and communicate with the FSSA
computer. The requested data would then return along the same
path , up the data link , to he displayed in the cockpit.

Those elements of enroute weather which would be of great
benefit to pilots are reports of thunderstorm activity, turbulence ,
icing levels and cloud tops. u nder the AWL S concept , this infor-
mation will he available to CWIi F personnel within each ARTCC from
weather radar displays , communication w i t h  ESS HAS positions , and
PIREPS. It is recommended (in the “Aviat ion Weather S~-stem Program
Plan ”) that the basic elements of the future CIVEF f a c i l i t y  he

• located at the ARTCC facility , i.e., a meteorolog ist with access
to r adar and pilot reported hazardous weather data. The CWEF
personnel would collect and interpret reports , then construct
messages for up link to the appropriate test aircraft . Yet to he
established are the various message formats , although they could
basically follow the form of a PIREP , indicating observation time ,
source , location and description of the hazardous weather. ‘Ih e
establishment of this service requires the close cooperation of
NWS and the Aviation Weather groups within FAA , to make available
a prototype version of the CWEF l acilit f o r  t e s t  a t  N A F E C  or
take the DABSEF to where the p r o t o t y p e  CIVEF is located.

Routine terminal weather includes those items normall y con-
tained in an ATIS report , currentl y generated by controllers and
broadcast continuously on a selected radio frequency . (;urrent
automation of the ATIS function is achieved through the AV -V ~OS
program , which will be capable 0! providing real-tim e observations
in d i g i t a l  format. The set of data o b t a i n e d  f r o m  \V-\WOS ( c e i l i n g ,

i i b I I it V , pr e c  i p i t a t  i o n , t empe r a t  t i r e  , dewpo i nt , wind and a 1 t i m e t  er )
could be ;,u rrI (-nte d hv runwa y—in— u se information and recent NOT.\MS
(entered by t c i m i n a l  controllers as needed ). •\ pilo t of a data
link— equ ipp eu a I rc raft coti Id request the A IlS report at his
d e s t i n a t i o n  a i r p o i t  by k e y b o a r d  entr y of ‘ ‘\ T I S / L O C  . ‘ The ground
computer svs  te rn  would rout e h is  r e q u e s t  to  the a pj rop i -  i a t e  t cnn i na I
facility.
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3. 1 . 2 Down 1 i n k w e a t h e r

P a r t  of t h e  d y n a m i c  d a t a  b a s e  w h i c h  plays a significant role
in  t h e  r e a l - t i m e  a s s e s s m e n t  of h a z a r d o u s  w e a t h e r  are the in-fli ght
report s filed by pilots (PIREPS) . In  the current aviation weather
system , PIREPS are often used only h~’ the facility receiving them
on the ground , and not communicated to other elements of the
aviation weather community. In the future , improved communications
l i n k s  and r e a l - t i m e  a s s e s s m e n t  of P I R E P S  by m e t e o r o l o g i s t s  w i t h i n
the CW [F will make them more valuable , especially ~or short-lived ,
fast -mov ing phenomena .

[here a i e  t w o  modes  of r e p o r t  i n g ,  m a n u a l  and a u t o m a t  i c .  In
t h e  f o rme r c a s e , a p i l o t  m a y  en t e r  on a cockp it keyboard a report
of  h a z a r d o u s  weather e n c o u n t e r e d  - thunderstorms , ising level ,
p r e c i p i t a t i o n , c l o u d  to p s , and o t h e r  Phenomena  :nd t r a n s m i t  i t
down the l i n k .  ‘t h e  p i l o t  wo r k l o a d  in  t h i s  s i t u at i o n  s h o u l d  be
evaluated , as t h e r e  are circumstances under which the p i l o t would
not  h a v e  t i m e  or t h e  des  i i-c t o  e n t e r  d a t a  f o r  t r a n s m i ss  i o n .

‘[‘he automatic transmission of inf l i ght data is the more
de s i r a b l e  op t ion  b e c a u s e  it reduces pilot workload. In l96~~, the
L\.\ demons trated t h e  M eteorological (MLT)* data acqusition system ,
d e v e l o p e d  t o  s u pp o r t atmospher ic studies , w h i c h  was  c a p a b l e  of
m e a s u r i n g  t e m p e r a t ure , dewpo int , turbulence dissipation rate and
structure co e f ficients , radio and barome tric altitude , airspeed
and winds aloft. Much o f  the sophist icat ion of this equipment is
b ey o n d  t h e  m e a n s  of CA users , hut the concepts demonstrated should
he explored further to indicate w h a t  d a t a  is capable of being
automat i ca 11 v sensed and s e n t  d o w n  t he l i n k  w i t h  t odav  ‘ s
technolog y .

3.2 tIG h T PLAN FI !,IN C

I n  t lie cur rent •\l C cyst em , i i  i ght p1 ; in s  a r e  f ii ed e i the i-
t h r o t i ’~, h ‘ hu 1k s t o i - age  ‘ o r I nd i i dna I p i lot cont a ct . I n the ‘ bu 1k
storage ‘ m e t  hod u s e d  b y  c omme re I a 1 a v i a t  i o n  a 11 11 i gh t  p 1 an  s

1 oi~n on s c h e d u l e  eve r~ day are a t i t  o n i a t  i c a  1 1 v retriev ed and
;ic t i v;i t ed w it hon t n o n  t r y  o I d a t  a on a da 11 v h a s  I s . ( ‘o l i v e r  se I v
i nd i v  i d i z a  1 p i l o t  s inn s t I i i  e t h e  i r Hi g u t  p l a n s  h~’ tele p h o n e
o a c e  — to — f a c e  cont a c t  i~ i t  h an I 55 spec i a I I st , by ca 1 1 i n  ~ a
“[as t - Ii Ic ” record i ni~ dcv ice over the t e l e p h o n e  . or  by  a i n - t o  -

ground c o r i i ! I l I f l  i eat i on  to au I 55 s pe c  i i i  is t , en r o u t e  or t e r m i n a l
con t i-o il e r . by a n y  of  t h o s e  I a t t e r m e a n  s , t h e  p 1 an m u st  a l w a v s
be on t ~

‘ red m a n n a  I I v i i i  t o t he N \ S cv  st  em c a t i s  I ng it t o b e L ’ o l I e
a i ~n i t i c a n t  pa r t 0 I I lie I abe r i n  t ens I \ e  \ I C svs t e j i .  Pa r t
o f  t [~~ h~~~~\ p r o g r a m  i s  t h e  d e v e l o p m e n t  o f  a [ l i g h t  l l i n  I i 1 i n g
c a p a b  I I it ~h i  l e e  t I fr om t he p i I o t t Ii r o u g h  a u s e  i’ t er in  I na I i n  t o

~‘~\Tr1~ornc ‘let eoro l og i cal Inst r u m e n t a t  i o n  Sy stei’i and Data Reduc-
ti on ,’’ ‘‘ JR ’’ \lc ’ol l o t u g h , I.a rr~’ K . U i r p c n t e r  — M a r c h , l 9~~ ( R e p o r t
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the FSSA computer facility and thence , into the NAS computer , with
no manual interface. The FSSA computer will conduct the dialog
with the user , elicit all entries , check for errors in forma t
and logic , and transmit to the NAS system in a compatible format.

Pilot capability for flight plan altera t ion from the cockp it
would allow more source of automa tion , and hence relieve the over-
load on the manual sys tem. The FSSA program is current ly devel-
op ing the cap abili ty of f iling f l i ght p lans via VRS (V oi ce Respon se
System) , with comple t ion scheduled in the near future. Once the
FSSA/NAS interface is established for the VRS . and later the PSB
(Pilot Self Briefing ) concept , it would  be easy to acces s throu gh
the same Daca L ink/FSSA interface es tabl ished for infl ight weather .
As wi th that concep t , fli ght plan filing, or al tera t ion requ est ,
requires a keyboard in the cockpit to enter the various fields of
da ta re qu i red of a f l ight plan .

3.3 GROUND CONTROL CLEARANCE DELIVERY

There are two aspects of tower control issuance of clearances
w h i ch a re  s u i t a b l e  fo r  D a t a  L i n k  t e s t  at  t h i s  t i m e :  p r e d e p a r t u r e
c l e a r a n c e  and t a k e - o f f  c l e a r a n c e .  C u r r e n t l y ,  C lea rance  D e l i v e r y
(CD) receives predeparture clearances for filed aircraft and
delivers the clearances to the waiting pilots by means of the voice
communication channel. In issuing a fli ght plan clearance , CD ma’~’read part or all of the cleared flight plan to the p ilot. Flig ht
plan data is currently available to CI ) in the form of paper flight
strips printed out hv the FDEP (Fli ght Data Entry and Printer) .
Departure clearance must he amended to the fli ght plan to yield
the full fli ght clearance.

The Terminal Information Processing System (TIPS) is a
computer based system being developed by SRDS to replace the
FDEP sys tem , at least at the busier terminal areas. TIPS will
replace the paper flight s t r i p  with a tabular flight data d i s p l ay
and two data entry devices: an ARTS-like keyboard and a “quick
action ” device. The quick action device will permit each con-
troller to do routine data manipulation , such as handoff , with a
minimum of button pushing .

A t I r e se n t , i t  is en v i s i o n e d  t h a t  wi th TIPS , CD would still
issue p r e d e p a r t u r e  c l e a r a n c e s  t o  p i l o t s b m e a n s  of the voice
communicat ion channel. h owever , if T I P S  were to interlace w i t h
t h e  I )A B S d a t a  l i n k .  predep arture c l e a r a n c e  could lie relayed
d i r e c t l y  to  t h e  p i l o t .  CD w o u l d  f i r s t  v e r i f y  t h e  c o rr e c t n e s s  o f
f l i g h t  p l~ins  on t h e  T I P S  display and then use the ‘‘ quick act ion ’’
d e v i c e  t o  t r a n s m i t  them to  t h e  p i l o t s  b y  m e a n s  o f  t h e  DABS d a t a
I i n  k .

U s e  of  t h e  d at  a I ink to transmit t lie p r e d e p a  r t u r e  ci  earance
w o u  Id  i’cduc e c 1 eu r an e  c de i i  cc r v  ye  1 ce cli a n n e  I l o a d  1 n g , wh I cli wo o l  ci
i n c r e a s e  t h e  c a p a c i t y  of  t h e co n t r o l  i c r  p os i t i o n , and  l e s s e n  t he
c h a n c e  of  m i s u n d e r s t a n d i n g  b e t w e e n  p i l o t  an d  c l e a r a nc e  d c l  i v e n ’  b
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p r o v i d i n g  a h a r d  copy  (p i ’  I n t  ccl ) o f  t lie cleared fli ght plan , which
may contain modifi cations and  s p e c i a l  i n s t r u ct i o n s , to  the  p i l o t .

Providing hard copy would reduce Pilot workload and the
possibility of pilot error.

As with weather information requested , bef ore a TI PS/ DA BS
i n t e r f a c e  can be s e r i ous ly  cons ide red  fo r  the  p r e d e p a r t u r e
c lea ranc e f u n c t i o n , i t  mus t  be d e t e r m i n e d  if the airborne , line-
of-sig ht DABS system can be used on the airport surface , particu-
larlv in the terminal ramp and gate areas. The coverage of the
DABS data link on the airport surface needs to be determined
fo r  both  the immedia te  a i r p o r t  and for remote airports up to 20
miles away.

The proposed SRDS Program schedule calls for a prototype
TIPS unit to be tested at NAFEC sometime during CY79 and CY80 .
The prototype unit will be primarily concerned with the current
t e r m i n a l  area  e n v i r o n m e n t .  At present , the plans for the unit
do not call for interfaces with other new systems currently under
deve lopment , such as DABS. The feasibility of interfacing DABS
and TIPS for  t e s t i n g  at NAFEC w i l l  be f u r t h e r  i n v e s t i g at e d .

In the  c u r r e n t  ATC s y s t e m , t h e  t a k e - o f f  clearance is given
to the  p i l o t  over  the  vo ice  c h a n n e l .  The FAA has developed a
capability to give the p ilot a non-verbal confirmation of t h e
issuance of take-off clearance , using a visual signal alongside
of t he run way a c t i va t e d  by t h e  local controller. It is intended
to be i n s t a l l e d  n a t i o n w i d e  at a l l  t o w e r -c o n t r o l l e d  a i r p o r t s . The
benefit to aircraft safety is that there is the pos s i b i l i t y  of
misunderstanding the issuance of take-off clearance in the present
sy s t e m , and a n o n - v e r b a l  c o n f i r m a t i o n  of the clearance could pre-
vent a c c i d e n t s  such as the  d i s a s t e r at  T en er i f e . For those air-
craft equi pped with Data Link , the confirmation could take the
fo rm of a s h o r t  messa ge on the cockpit displa y or p r inter.

The system under development , VCOVTC (for Visual Confirmation
Of Takeof f  C l e a r a n c e ),  is still in the desi gn stage , with Phase I
testing scheduled for early 1978 at NAFEC . For t h a t  test , li ghts
will be installed at intersections along the active runway , con-
trolled frota the tower . Coordination between the FAA Data Link
Prograia Office and FAA Systems Research ~ Development Service ,
could r e s u l t  in an operational test of takeo ff clearance deliver .

Another consideration is the coverage of the DABS I)ata Link
in the the terminal environr ient (ramp and gate area), which could
perhaps be deterriined throug h system sub-test before the full
systerLl is assembled.

L. ~~~~~~
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3.4 ENROUTE ASSIGNED ALTITUDE

Under the present N A S system all commercial aircraft , and
all aircraft that fly in positive controlled airspace are required
to carry altitude read-out equi pment . The altitude read-out is
displayed on the radar ’s aircraft data block — together with the
assigned altitude manually inputted by the controller — showing
the various changing altitudes , whether the aircraft is climbing
or descending. When the aircraft levels at its assigned altitude ,
the altitude read-out and the assigned altitude are the same ,
and only the assi gned altitude will be displayed. There is ,
therefore , under the present system , di gitized confirmation of
the assigned altitude , in the context just described. The prob lem
of transfer of control , from sector to sector , is still unresolved.

A recurring problem in enroute traffic control is a misunder-
standing between the pilot and controller concerning the altitude
to which an aircraft has been cleared . Obviously this can result
in two aircraft occupying the same flight level or altitude in a
potential conflict situation before the controller becomes aware
of the misunderstanding . The present solution to this problem
is to require that the pilots confirm the assigned altitude by
means of voice communications . Although this is done routinely
in today ’s system , misunderstandings still occur. Therefore , a
more positive means of confirmation which includes a clear record
of the altitude assignment is desired . The assi gned altitude ex-
perir.ient addresses the voice confirmation problem.

Air Carri er aircraf t ar e required to carry an Al tit ude A ler t
System (AAS) which is used for setting either the assigned enroute
altitude or a pre-selected minimum approach altitude. Visual and
audio alerts are given if the aircraft deviates from the altitude
by more than a selected range. The AAS , in conjunction with the
DABS Data Link , could be used to confirm the enroute altitude
assignment. The pilot , after selecting an appropriate range of
sensitivity, would set the assi gned altitude on the AAS instrument.
A di gital assi gned a l t i t u d e  m e s s a g e  w o u l d  t hen  be t r a n s m i t t e d  up
the data l i n k  f o r  c o n f i rm a t i o n  of the  p i l o t .  The NAS computer
would compare the assi gned altitudes entered by the  c o n t r o l l e r  and
the pilot. A confirmation or discrepancy alert symbol on the con-
troller display would then be activated . In the event of a dis-
crepancy or no response from the p ilot , the contioller w o u l d  use
voice communications to resolve t h e situation or , alternati vel- .,
send a REQUEST ALTITUDE CONFIRMATION message throug h the data link
up link of assi gned altitude which appears in the data block on the
radar disp lay .

In order to implement the assigned altitude confirmati on
function , three existi ng systems would require modifica tion.
The AAS w o u l d  r e q u  i re  t h e  ad d i  t ion  of a C O N F I R M  p u s h b u t t o n ,
a d i g  i t a  1 t im er for m e a s u r i n g  a p r e s e t  t i m e  i n t e r v a l  , and an
a 1 t i t u d e  d i g i t a l  e n c o d et -  . Some n i a n u f a c t u r e r s  c u r  r e n t  l v  i n c l u d e
an  e n c o d e r  w i t h  t h e  s” s t e m . The  e n c od e r  o u t p u t  w o u l d  he connected
to  t h e  Data li n k  transmitter. Ten d i g i t a l  h i t s  o f  i n f o i - m a t  i o n
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wou ld provide an altitude range f r o m  100 feet (LSB) to 51 ,200 feet
(MSB). Additional bits would be required for sign , flags , and
assi gned identification code .

In the  9020  NAS C o m p u t e r , a d d i t i o n a l  s o f tw a r e  w o u l d  be
r e q u i r e d  to s t o r e  and compare  t he  confirmed altitude received
from the data link with the assigned altitude entered by t h e
controller. In addition , a message indicating either confirmation
or discrepancy would be generated and sent to the controller
position.

On the controller display, an additional symbol indicating
to the controller either confirmation or a discrepancy in the
assigned altitude would be required. The symbol could be located
either on the Plan View Display (PVD) or on the tabular display.

18
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4 .0 OTHER C A N D I D A T E  DABS DATA L INK FUNCTIONS

In the early phases of the study conducted by TSC , many func-
tions and systems were considered as possible candidates for the
DABS Data Link development tests. Some were systematically
eliminated from consideration for t h e i n i t i a l  t e s t i n g fo r  v a r i o u s
r easo n s , fo r  e x a m p l e , IPC , or as i t is now known , ATARS.  Oth e r
functions suc h as Conflict Resolution , Metering and Spacing, and
Fli ght Plan Probe have been temporarily set aside until such time
as each research E~ development effort evolves to the point where
integration within the DABS system is more feasible. All of them
are unde r development within SRDS and will be available for Data
Link testing at various times . A brief descri ption of these
f u n c t i o ns and t h e i r  deve lopmen t  s t a t u s  f o l l o w s .

4 .1 WAK E V O R T E X / W I N D  Sh EAR ADVISORY

The existing Vortex Advisory System is a meteorolog ical-based
system that will provide the air traffic controller with a precise
definition of when separations between arriving aircraft can be
reduced from the standard IFR separations (3 miles normally, 5-6
m i l e s  f o r  heavy a i r c r a f t ) .  The da ta  u t i l i z e d  by the s y s t e m  (a
serial data stream) consist of wind velocities from a number of
meteorolog ical towers located at the four corners of the airport
perimeter and the center of the field; the velocities are averaged
and compared with an a l g o r i t h m  in a m i c r o p r o c e s s o r .  The ou tpu t
of the microprocessors is put on a data bus ; the controller or
summary display addresses the appropriate frames in the data
stream to obtain the separation condition (3 mile or 5-6 miles)
for the specific runway of interest , along with the wind velocity,
direction , and gust leve l for the specific runway . The summary
display takes the wind velocity direction and gust level reading,
along with the separation condition , from the data bus for each of
the meterolog ical towers and display s the data through a series
of stacked LEt) (Light Emitting Diode ) readouts.

It is intended that the Wind Shear disp lay requirements will
be c o m b i n e d  w i t h VAS (Vo r t e x  A d v i s o ry Sy s t e m ) . Th is  addition
w i l l  add a w i n d  shea r a l e r t , i . e . ,  an i n d i c a t i on of two or more
wind readings which , when compared , indicate a vector difference
of 15 k n o t s  or  g r e a t e r .

The d a t a  f r o m  the  V o r t e x  A d v i s o r y  Sys t em is needed  onl y b y
the controllers so that they can set separations for the selected
operating runways . There is no c u r r e n t  or p l a nned  c a p a b i l i t y  to
p r o v i d e  the  w i n d  d a t a  f o r  just t h e  o p e r a t i n g  runway ; t h e  c o n t r o l l e r
mus t  s e l e c t  th e  r u n w a y  and  ve r b a l l y t r a n s m i t  t h e  s e l e c t e d  w i n d
dat  a .

In the desi gn change to incorporate the wind shear display
requirements , provision could he made to provide the wind velocity
of those tower~

; whose di fference exceed 15 knots.
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This  concep t  is not  recommended  f o r  i m p l e m e n t a t i o n  and t e s t
at t h i s  t i m e . A l t h o u g h t h e r e  can be l i t t l e  d oub t  that real-time
r e a d o u t  of t h e  w i n d  v e c t o r  ab o v e  t h e  t h r e s h o l d  of t he  l a n d i n g
runway would increase the safet y of the aircraft , the V A S/ S W I ~’iS
(\r orcex Advisory System/Surface W i n d I n s t r u m e n t  ~l e a s u r e m e n t  S y s t e m )
in i t s  c u r re n t  d e v e l o p m e n t  does nn ~ d c l i v e r  such d a t a .  I t s
primar y purpose  is to  adv i se  the c o n t r o l l e r  t h r o u g h  a compre-
hens ive disp lay , with ñ~ provis ion for~ouf~utting selected(runway ) data. Also , there is no current p lan to install an
integrated VAS /SW IMS at NAFEC , as the pr o t o t y p e  s y s t e m s  w i l l
undergo evaluation at airports around the country .

Although this program in its present state of development
does not produce the desired data most benefic ial to the p ilot ,
i.e., wind velocity at the runway threshold , which appears a
minor  d i f f i c u l t y ,  the benefits to be derived from the program
once it has reached the testing stage are expected to be con-
siderable , and will afford one of the most beneficial uses in
data link transmissions .

4.2 CONFLI CT ALERT AND RES OLUTION

C o n f l i c t  a l e r t  is a software program within either the NAS or
ARTS operational programs which predicts a violation of separation
criteria between two aircraft and provides a warning to the control-
ler. It si gnals an advanced state of conflict and disp lays resolu-
tion advisories to the controller. In generating the recommended
advisories , the floght plan intent of the aircraft is taken into
account, and a check is made to assure that a new conflict will not
results. The controller exervices final authority in issuing
v o i c e  commands  to the aircraft involved.

Conflict Resolution Messages for the i)ABS Data I,inl. - Con-
f l i c t  r~~~ofut i on  m e s s a g e s  a r e  in  t h e  fo rm of m a n e u v e r  c o m m a n d s ,
i.e., turn right/left , climb/dive , or reduce/increase speed .
In all likelihood these messages would first be displayed to
the  c on t r o l l e r  who , after a n a l y s i n g  t h e s i t ua t i o n , wou l d t h e n
iss ue a p p r o p r i a t e  commands  to  one or b o t h  of t h e  a i r c r a f t .  Upon
r e c e i p t  o f t h e comman d , t he  p i l o t  wo uld  r e spond  with ACKN (ThLEDGL
or U N A B L E .

Program Status - A conflict alert function is now operational
in t h e  NAS e n r o u t e  s y s t e m  for IFR/IFR potential conflicts. On-
going development programs are designed to improve t h i s  f u n c t i o n ,
pa r t i c u l a r ly f or a i r c r a f t  in t u r n s  and f o r  i n t r u d e r  a i r c r a f t .

Co n f l  i c t  a l e r t  a n d r e sol u t i o n For the ARTS system is a
s t a g e d  de v e l o p m e n t  p r o g r a m  w i t h  f i n a l  s o f t w a r e  t e s t i n g  schedule
fo r N A F E C  in 1979 .

Before resolu t ion messages can  lie cons  ide i ’ ed  a p p r o p r i a t e
f o r  Data  Li nk developmental t e s t i n g ,  t h e  i n t e r f a c e s  b e t w e e n  t h e
software , the controller , and the pi l o t  must he e v a l u a t ed .
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4 . 3 M E T E R I N G  AND SPACING

Metering and spacing is a combination of software programs
designed to improve the use of available terminal facilities by
dy n a m i c a l l y  r e g u l a t i ng  a i r  t r a f f i c  bo th  in the  e n r o u t e  and the
terminal areas. Algorithms compute the optimum arrival times
over fixes , the scheduled landing sequences and landing times ,
and display this i n f o r m a t i o n  to c o n t r o l l e r s .  A d j u s t m e n t s  in
a i r c r a f t  flight paths are also computed and delay absorbtion
adv i so r i e s  are  g iven  to the c o n t r o l l e r s .

Metering and Spacing Messages for DABS Data Link - Maneuve r
adv i so r i e s  to the  c o n t r o l l e r  cons i s t  of a i r c r a f t  speed changes ,
po in t  of descent i n i t i a t i o n , r a t e  of decent , an d ho ld i n g
i n s t r u c t i o n s . These messages would first be displayed to the
c o n t r o l l e r  who , a f t e r  c o n f i r m i n g  the message , would then  i ssue
a p p r o p r i a t e  commands over the data  l i nk  to the  a i r c r a f t .  Upon
rece ip t  of the command , the p i lo t  would respond w i t h  ACKNOWLEDGE
or UNABLE.

P rogram S ta tus  - A p r e l i m i n a r y  ve r s ion  of t e r m i n a l  M e t e r i n g
and Spacing is u n d e r g o i n g  tes t  and e v a l ua t i o n  at NAFEC and at the
Denver TRACON . This version provides for arrivals only a n d a
single runway configuration. Ongoing development programs both
for terminal and enroute areas will expand the capabilities to
a more general terminal configuration , will provide a logical
i n t e r f a c e  between en rou te  and t e rmina l ope ra tions , a n d w i l l
g e n e r a t e  de lay  a b s o r b t i o n  advisor ies  fo r  the c o n t r o l l e r s .
Operational testing of the advanced programs is scheduled for
the  1980/ 1981 t ime  f rame .

Befo re  m e t e r i n g  and spacing messages  can be cons idered
app ropr iate for Data Link deve lopmental tes t ing , the interfaces
between the software , the con trol ler , and the pilot must be
evaluated.
4 . 4  FLI Gh T PLAN PROBE

Flight PLAN PROBE is a s o f t w a r e  p r o g r a m  fo r  the  NAS enroute
o p e r a t i o n a l  sys t em d e s i g n e d  to p r o j e c t  an aircraft’ s intended
path through a sector or , possibly, through an entire center and
search for potential conflicts. A conflict notice is given to
the controller. A controller may then  i npu t  a r e v i s e d  f l i g h t
p lan and a further search will he made. Future enhancements may
i n c l u d e  compu te r  g e n e r a t i o n  of a l t e r n a t i v e  f l i g h t  p lans .

F1Jg~it Plan Probe Me~~~~~~~ fo r  the  DABS Da t a  Link - The end
objective of t h e  F l i g h t  P l an  Probe  f u n c t i o n  is to g e n e r a t e  a
re vi sed , co n f l i c t - f r e e  f l i g h t  p l a n  f o r  an a i r c r a f t .  The r e v i s e d
f l i g h t  p l a n  m u s t  he t r a n s m i t t e d  to  t h e  a i r c r a f t .  Revisions to a
previously issued fli ght pl an t Y p i c a l l y  require up to  0 a l p h a
n u m e r i c  c h a r a c t e r s  and  can he d i  s p l ay e d  v i s u a l l v  to  t h e  p i l o t .
An A C K N O W L E D G E  or UNA BLE response on the d o w n i  i n k  w o u l d  he
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r equ i red . Ob v i o u s l y  the  t r a n s m i t t a l  of f l i gh t  p l a n  changes over
the  da ta  l i n k  is not  d e p e n d e n t  on t h e  F l i g h t  P l a n  Probe f u n c t i o n ;
controllers issue modifi cations to flight plans for a variety
of reasons. Therefore this function is not a logical candidate
for  Data  L ink  deve lopment  t e s t i n g .

Program Status - Current developmental efforts are directed
toward the de tec t ion  of potential conflicts and issuing an alert
to the c o n t r o l l e r .  I t  is l e f t  to the con t ro l l e r  to dev ise
alternative plans and seek a conflict-free solution. Although
computer-generated solutions are a long range goal of this effort ,
there are no firm plans for its achievement . The program as
currently structured will undergo operational testing in early
1979.
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5 .0  C H A R A C T E R I S T I C S  OF DABS DATA L I N K

This sec t ion  a t t e m p t s  to conso l ida te  some of the a v a i l a b l e
i n f o rm a t i o n  on the e x i s t i n g  DABS Sys tem Sp e c i f i c a t i o n s , the im-
p le inenta t ions , and test concepts derived pr imar ily from the Lin-
coln Labororatory (L.L.) Project Reports , and discussions with
technica l  personnel from L. L., NAFEC , and TSC .

Studies  have been conducted b y FAA , L . L . ,  TSC , and o thers , to
establish the requirements for DABS System desi gn and applications .
Many r epor t s  and memos cover the details that resulted from these
efforts and the general requirements of a DABS Data Link System are
stated in Section 2 of this report. One aspect of the DABS System
t h a t  cou ld be ne f i t  f r om some additional effort is the area of DABS
Data Link  app licability .

Lincoln Labs , in direct suppor t  of FAA/ SRDS , has developed a
comp lete DABS System that is implemented to checkout and test the
DABS concept , inc lud ing  the ground based  sensor  s t a t i o n s  and the
transponder avionics. The current systems are used by L i n c o l n  Labs
for validation tests to obtain error statistics of the DABS mono-
p u l se  r ada r  and to demonstrate collision avioidance with the use o f
Data  Link got  ATAR S ( f o r m e r l y  I P C / P W I ) .  Some of the e s t a b l i s h ed
performance parameters fo r  the DABS System are summarized in
TABLE 5-1.

LINCO LN LABS DAB S E X P E R I M E N T A L  FACILITY (DAB SEF)

The L .L .  DABSEF is essentiall y the ground based facilities
t ha t  inc lude  the antenna system , transmitter /receiver and several
processors required to perform surveillance and to relay data
l ink  messages . Fi gure  5-1 shows a Block Diagram of the DABSEF.
An e x i s t i n g  DABSEF sensor  f a c i l i t y  is m a i n t a i n e d  at  L i n c o l n  Labs
that is equipped with the monopulse radar and has been used for the
t es t  p rog ra m s .

- 
The DABSEF facility is also equipped with a 20 inch CRT sec-

tion disp lay that has been used in over a thousand planned colli-
sion avoidance tests with GA aircraft. These tests were performed
in the hlanscom Field area.
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TABLE 5-1. LL DABS CHA RACTERISTICS

INTERROGATIONS AND REPLY (BOTH)

Message Func t i on  - S u r v e i l l a n c e  and Data

Message Length - 112 BITS

Da ta Link (SM) - 56 BITS

Address  and P a r i t y  - 24 BITS

S u r v e i l l a n c e  Da ta  - 16 BITS

Error Protection and Parity Check

Miscel laneou s - (16 BITS-P ar ity)

Data Link  (ELM) - 80 BITS

INTERROGATIONS (SENSOR)

Frequency - 1030 M hz

Modulation - DPSK

Data Rate - 4 Mbps

Data  Link (SM) - 56 BITS

REPLY (TRANSPONDER)

Fr equency - 1090 MHz

M o d u l a t i o n  - PPM

Data  Ra te  - 1 Mb ps .

C o n f i g u r a t i o n  - Main U n i t  (Remote  Installation)
and C o n t r o l  U n i t  ( i n  c ockp i t )

-
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Lincoln Labs DABS A v i o n i c s

The ma in  c o m p o n e n t s  of the existing Lincoln Labs DABS
A v i o n i c s  Sys t em a re  the  aircraft antennas (L-Band), t h e  T r a n s p o n d e r
consisting of: receiver , transmitter , DPSK Demodulator , modulator ,
and signal processors , and the Data Link message display devices
( I P C / P W T  and ATC) .

The e x i s t i n g  L . L .  T r a n s p o n d e r  r e c e i v e s  and decodes ATCRBS
and DABS interrogations (surveillance and Data Link) . The L.L .
t r anspo n de r  i s c a p a b l e o f h an dl~ ng only  the 5 6 - B I T  SM ( sho r t
message )  f o rm a t  and not the ELM (ex tended  length  m e s s a g e ) .  Ten
of these transponders were procured by L .L. from Bendix A vionics
(F t .  Lauderdale , FL) and have been used in the L .L .  t e s t  program .
P l a n s  are  to c o l l e c t  these transponders and use them in the 1979
N A F EC t e s t  p rog ram .

L i n c o i n  Lab DABS System T e s t

A considerable amount of actual testing has been done with
the  L . L .  DABS System using the DABSEF and TMF sensor f a c i l i t i e s
and s i n g l e  eng ine  GA aircraft. Data has been p r e s e n t e d  s h o w i n g
measured aircraft densities , interference conditions , effects
of r e f l e c t i o ns an d p rop a ga t ion b loc k ages  b y b u i l d i n g s , and
surveillance accuracies. Demonstrations were witne ssed showing
the  u se of DA B S Da ta Link in collision avoidance involving two
GA test aircraft. A s e r i e s  of p lanned n e a r - m i s s  i n t e r c e p t s ,
within 200 feet altitude separation , were shown on a TPX-42
traffic situation display. Figure 5-2 , DABSEF IPC FLIGHT
TEST BED , is included to show flight test bed set-up . Fu-
ture test support requirements for L.L. will probably be in
support  of development of test and evaluation plans for the
DABS Data  Link  a p p l i c a t i o n . TSC is p r e s e n t l y  involved in
th i s  e f f o r t  in suppor t  of FAA/SRDS .

*Refe rence : P r o j e c t  R ep o r t , ~~~~~~~ “ P r o v i s i o n a l  D a t a  l i n k
Interface Standard fo r  t h e  DABS T r a n s p o n d e r , ”
M IT /Linco ln L a b o r at o r y ,  25 A p r i l  1974 ( R epo r t
FAA-R D- ~‘4- (- 2).
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6.0 FUTURE WORK

There  is much  work  r e m a i n i n g  in  t h e  areas of (1) defining
the  r e q u i r e d  i n t e r f a c e  b e t w e e n  the  DABS D a t a  L i nk ; i i i ~~ each
candidate subsystem , e.g., dat a format , content , and 1- :ite; (2)
resolving some of the operational considerations which may prevent
imp lementation of a given sub-system at this time; and ( 3 )  a c t u a l l y
setting up the required equipment on-site and int erfacing i t  ~ith
existing development/operationa l systems ‘~

..hich supp ly (or r eive)
the transmitted data.

Specifically, among those items which must he perfor m ed
(or questions to be answered ) are t h e  following:

( 1)  E s t a b l i s h  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  of th e ARftC
Weather Facility at N UL L , and integr ate w i t h D A B S .

( 2 )  D e f i n e  t h e  i n t e r f a c e  b e t w e e n  I ) ABS and t h e  FSSA progr am ,
fo r  t he  t r a n s m i s s i o n  of i nf l  i g h t  ~ea t h e r  and  t h e  I i i  i ng
of f l i g h t  p l a n s , t hen  i m p l e m e n t

(3 )  D e f i n e  t h e  i n t e r f a ce  b e t w e e n  DABS and  t h e  AV - A b ~~S sen s o r s /
controller inputs needed for automatic A TIS deliver y .

(4) Investigate further state-of-th e-art avionics for down -
l i n k  of airborne observed weather par ameters , a n d  inte-
grate with DABS aircraft equipment.

(5) Define the operational interface bet ween DABS and T I P S ,
VCOVTC for the de liv ers - of ground clearance commands ,
then imp lemen t .

(6) Mod i f y onboard AAS to d o w n l i n k  assigned altitude , and
accomodate  ground sys t em to disp lay t h i s  p a r a m e t e r .

(7 )  D e f i n e  onboard  I / O  h a r d w a r e  c o m p l e m e n t  to  he t e s t e d -
p r i n t e r , LED display integrated within multi-function
d i s p l a y ,  keyboard  fo r  p i l o t  e n t r y  of w e a t h e r  and \ T I S
requests and flight plan filing .

(8) Define the al gori thm wh ich will a ’low DABS tc’ a d d r e s s
sp e c i f i c  a i r c r a f t , or all aircraft in a g i v e n s e c t o r ,
for different messa ge types .

(9) Work to further quantif y benefits and justif y the
applica t ions . 
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