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PREFACE 

The  Di sc re t e  Addres s  Beacon Sys tem (DABS) will  provide a n  evolu- 

t ionary  upgrading of air t ra f f ic  survei l lance capabili ty toge ther  with a n  inte- 

gra ted  ground/air  data link. 

automation of a i r  t ra f f ic  control.  

Both f ea tu res  a r e  requi red  to  support  the planned 

DABS includes a unique code a s  p a r t  of each in te r roga t ion  to  indicate 

t o  which a i r c r a f t  tha t  in te r roga t ion  i s  addres sed .  

s e n s o r  t o  control  the t iming of r ep l i e s  f r o m  neighboring a i r c r a f t ,  el iminating 

the se l f - in te r fe rence  due t o  overlapping r ep l i e s  ( t e r m e d  synchronous ga rb le )  

which is a bas ic  l imitat ion of the present  A i r  Traff ic  Control  Radar  Beacon 

System (ATCRBS). 

in te r roga t ion  and/or  reply,  ground/air  data link communicat ions can  be 

accommodated on the s a m e  channel with a small i n c r e a s e  i n  equipment com- 

plexity. In addition t o  i t s  survei l lance and communications functions,  DABS 

provides  the bas i s  fo r  a number of additional ATC-re la ted  functions including 

a i r - t o - a i r  conflict  detection, p r e c i s e  synchronization of a i rbo rne  clocks,  and 

one-way DME [ 13. 

This  scheme al lows the ground 

By providing fo r  the inclusion of a m e s s a g e  a s  p a r t  of a n  

Two i s s u e s  have dominated the design of DABS: the abi l i ty  t o  mee t  

the projected surve i l lance  and communications demands of a n  automated ATC 

sys t em;  and cos t ,  both to  the  F A A  and t o  the a i r s p a c e  u s e r ,  including the cos t  

of t ransi t ioning f r o m  ATCRBS to  DABS. 

Reliabil i ty of s e rv i ce ,  i n  t e r m s  of survei l lance continuity and communi- 

cations availabil i ty,  has  received g r e a t e r  emphas is  than accu racy  o r  data r a t e .  

Such rel iabi l i ty  a s s u m e s  spec ia l  importance in  supporting a n  automated sys tem,  

where  a human cont ro l le r  is  not readi ly  available to  i n t e r p r e t  imperfec t  data 

and work around s y s t e m  vagar ies .  
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A gradual  evolution f r o m  ATCRBS to  DABS is requi red  to  allow for  

a reasonable  se rv i ce  life f o r  ATCRBS equipments before  mandatory replace-  

ment. ATCRBS and DABS s e n s o r s  and t ransponders  will  thus coexis t  f o r  a n  

extended per iod of time. 

while maintaining a n  old one a t  full  capability, DABS equipments m u s t  include 

ATCRBS capability. 

survei l lance of ATCRBS-equipped a i r c r a f t ,  and DABS-equipped aircraft will  

respond to  ATCRBS senso r s .  

the design of a d i sc re t e  a d d r e s s  beacon sys t em,  the need fo r  in te r -opera t ion  

with ATCRBS dictates  maximum commonality of design consis tent  with achieving 

the  des i r ed  sys t em per formance  

To preclude the expense of .introducing a new s y s t e m  

Then during the t rans i t ion  DABS s e n s o r s  will  provide 

While the re  a re  many possible  approaches  to  

” 
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The ma jo r  c r i t e r i a  influencing the design of DABS signal  f o r m a t s  a r e  

as  follows: 

i. 

ii. 

... 
111. 

iv. 

Minimize sys t em (especial ly  t ransponder)  cos t  commensura te  

with perf o rmance  requi rements .  

Provide  fo r  the easy  inclusion of ATCRBS as a mode of 

DABS. 

Maximize air /ground link rel iabi l i ty ,  with par t icu lar  

emphas is  on minimizing degradation due to  ATCRBS 

in te r fe rence ,  multipath,  and fading a r i s ing  f r o m  antenna 

pa t te rn  ir  r egula ritie s . 
Provide  survei l lance and communication capacity to  m e e t  

projected demands,  with enough m a r g i n  and design flexi-  

bility t o  accommodate  reasonable  unforeseen requi rements .  

The select ion of s ignal  formats ,  finally embodied in  a National 

Standard for  DABS, will  be the mos t  enduring - and thus the mos t  important-  

e lement  of the  DABS design. 

de r s ,  while a n  integral  pa r t  of demonstrat ing sys t em viability, can  be sup- 

planted a s  ha rdware  technology evolves without affecting a l r eady  existing 

equipments.  

Pa r t i cu la r  real izat ions of s e n s o r s  and transpond- 

A change i n  signal format  would have a much g r e a t e r  impact.  
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There fo re ,  much emphas i s  h a s  been  given t o  "getting it right" the first t ime,  

and to providing sufficient f lexibil i ty to  allow for  fu ture  growth of DABS appli-  

cat ions.  

Th i s  document specif ies  provis ional  DABS signal  f o r m a t s ,  i. e. , the  

c h a r a c t e r i s t i c s  of the  "s ignals- in-space" which f o r m  the DABS in te r roga t ions  

and rep l ies .  

f o r m a t s  t o  effect  the survei l lance and data l ink communication functions f o r  

which DABS h a s  been designed. 

design and construct ion of engineering development model  t r ansponder s  and 

in t e r roga to r s  f o r  prototype s y s t e m  t e s t  and evaluation at NAFEC during 

Phase  I1 of the DABS Development P r o g r a m ;  and,  with modifications resul t ing 

f r o m  th is  t e s t  and evaluation effor t ,  will  f o r m  the  b a s i s  fo r  the operat ional  

implementat ion of DABS. 

Also  included is a d iscuss ion  of the  uti l ization of the descr ibed  

These  s ignal  f o r m a t s  will  be used  i n  the 
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1.  INTRODUC TION/SUMMARY 

1. 1 Genera l  

DABS adds t o  ATCRBS the capability fo r  select ively interrogat ing indi-  

vidual a i r c r a f t  and f o r  exchanging data-link m e s s a g e s  between the in te r roga tor  

facil i ty and the a i r c r a f t .  

new signal  fo rma t s  and operating modes.  

fo rma t s  a re  summar ized  in th i s  section; l a t e r  sect ions amplify on each  of 

these  i s sues ,  providing a detailed descr ipt ion of the fo rma t s  and the related 

ope rating modes . 

These  new capabili t ies requi re  the introduction of 

The pr incipal  f ea tu re s  of the DABS 

1. 2 ATCRBS Compatibil i ty 

To  faci l i ta te  the t rans i t ion  f r o m  ATCRBS to DABS over  an extended 

period, DABS installations,  both ground and a i rborne ,  include fu l l  ATCRBS 

capability: using ATCRBS fo rma t s ,  DABS in t e r roga to r s  will  provide su rve i l -  

lance of ATCRBS-equipped a i r c r a f t  and DABS t ransponders  will  reply t o  

ATCRBS in t e r roga to r s .  

and DABS) with minimum equipment complexity, DABS will  operate  on the 

s a m e  interrogat ion and reply f requencies  a s  ATCRBS. 

To  accomplish this  dual mode operat ion (ATCRBS 

1. 2. 1 D i sc re t e  Addres s  

Each  DABS-equipped a i r c r a f t  wi l l  be assigned a unique 24-bit add res s ,  

which will  be included in all d i sc re t e ly -addres sed  interrogat ions and rep l ies  

involving that  a i r c r a f t .  This  a d d r e s s  can be assigned in  such a manner  a s  to 

automatical ly  identify to  the ground facil i ty the voice ca l l  sign of the a i r c r a f t .  

1 .  2. 2 E r r o r  Protect ion 

Each  DABS interrogat ion/reply is encoded to  reduce to  a v e r y  s m a l l  

value the probabili ty of acceptance of a message  containing an e r r o r .  Twenty- 
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four  redundant check-bits (par i ty  b i t s )  a r e  included in each  message .  

check-bits a r e  combined with the 24 addres s  bits s o  that  a high degree  of e r r o r  

protection i s  achieved with no inc rease  in message  length. 

These  

1. 2. 3 Message  Length 

A DABS message  ( interrogat ion o r  reply)  is e i the r  56 o r  112 bi ts  long, 

inclusive of addres s /pa r i ty  bits,  but excluding synchronization preamble .  The 

1 12 -bit f o r m a t  is used f o r  the t r ansmiss ion  of ground-to - a i r  o r  a i r  -to-ground 

data  link messages .  

1.2. 4 Altitude Echo 

Each  DABS interrogat ion (except ELM, paragraph  1 .8)  contains a 1 2 -  

bit field which t r a n s m i t s  t o  the a i r c r a f t  the l a t e s t  received value of the a i r -  

c r a f t  altitude, co r rec t ed  f o r  local  ba romet r i c  p r e s s u r e .  This  provides a con- . 
tinuous, full-loop check of the a i r c r a f t ' s  altitude - repor t ing  sys tem,  a neces  - 

si ty  i f  the survei l lance data  a r e  to  be used fo r  automatic  conflict detection/ 

r e  s oluti o n . 

1. 2. 5 Synchro-DABS 

The DABS fo rma t s  include the necessa ry  control  information to  a c c o m -  

modate the auxi l iary functions of the proposed Synchro-DABS s y s t e m  [l] .  

functions include a i r - t o - a i r  conflict detection, p rec i se  synchronization of a i r  - 

borne  clocks,  and one-way DME. (See paragraph  1 . 9 .  ) 

These  

1.  3 Uplink P a r a m e t e r s  

1. 3. 1 Frequency:  1030 MHz ( s a m e  a s  ATCRBS). 

1. 3.  2 Modulation: 4 Mb/sec differential  phase-shift  keying (DPSK). 

1. 3. 3 ATCRBS Reply Suppression 

Each  d iscre te ly-addressed  uplink t r ansmiss ion  is preceded by a pa i r  

of 0.8 psec  pulses,  
lobe suppress ion  c i r cu i t ry  in  a n  ATCRBS t ransponder ,  preventing the  DABS 

t r ansmiss ion  f r o m  t r igger ing  an accidental  reply f r o m  the ATCRBS transponder .  

spaced 2. 0 psec  apart .  This  pulse pa i r  act ivates  the s ide-  
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A. 

The durat ion of a DABS uplink t r ansmiss ion  is less than the minimum ATCRBS 

SLS suppress ion  time, so tha t  the DABS t r ansmiss ion  i s  completed be fo re  the 

ATCRBS t ransponder  comes  out of suppression.  

1. 4 Downlink P a r a m e t e r s  

1.4. 1 Frequency:  1090 MHz ( same  a s  ATCRBS) 

1.4. 2 Modulation: 1 Mb/sec pulse position modulation (PPM) .  (A f o r m  of 

nonre turn- to-zero  pulse -amplitude modulation (NRZ/PAM) which permi ts  the 

demodulation of the DABS signal  in  the presence  of s t rong ATCRBS i n t e r f e r -  

ence.  ) 

1. 5 

1. 5. 1 

Modified ATCRBS Interrogation Types 

ATCRBS/DABS All-Call (Mode A )  

A modified ATCRBS Mode A interrogat ion which e l ic i t s  a no rma l  Mode 

A reply f r o m  a n  ATCRBS transponder ,  and a n  All-Call  reply f r o m  a DABS 

transponder  not being d iscre te ly  addressed.  

1. 5. 2 ATCRBS/DABS All-Call (Mode C )  

A modified ATCRBS Mode C interrogat ion which e l ic i t s  a no rma l  

Mode C reply f r o m  a n  ATCRBS transponder ,  and a n  All-Call  reply f r o m  a 

DABS transponder.  

1.6 DABS Interrogation Types 

1. 6 .  1 DABS-Only All-Call  

A spec ia l  56-bit fo rma t  which e l ic i t s  an All-Call  reply f r o m  a DABS 

transponder ,  but e l ic i t s  no reply f r o m  an ATCRBS transponder .  

1. 6. 2 Surveillance 

A 56-bit fo rma t  which contains a control field, a spec ia l  data field 

(usually altitude echo), and the 24-bit add res  s /par i ty  field.  

3 



1 . 6 . 3  Comm-A 

A 112-bit fo rma t  which, in addition to  the contents of the Survei l lance 

interrogation, contains a 56-bit data link field. 

1 . 6 . 4  Comm-C 

A spec ia l  11 2-bit fo rma t  which is  used f o r  Extended-Length Message  

(ELM) t r ansmiss ions .  

1 .7  DABS Reply Types 

1. 7. 1 All-Cal l  

A 56-bit fo rma t  used i n  response  to  a n  ATCRBS/DABS All-Call  or 

DABS-only All-Call  interrogat ion;  it includes a 6-bit "capability" field, plus 

24-bit aircraft a d d r e s s  and par i ty  fields.  

1. 7 .  2 Survei l lance 

A 56-bit fo rma t  which contains a control  field, altitude (o r  4096 code 

sett ing),  and addres s /pa r i ty  field. 

1 . 7 . 3  Comm-B 

A 1 1  2-bit fo rma t  which, in addition to the contents of a Survei l lance 

reply, contains a 56-bit data link field. 

1 . 7 . 4  Comm-D 

A special  11 2-bit fo rma t  which is used  f o r  Extended-Length Message 

t ra  nsmis  sions.  

1 .8  Extended-Length Messages  

The Comm-A and Comm-B f o r m a t s  provide f o r  the inclusion of a 56-  

bit  data link message  as p a r t  of a n  interrogat ion o r  reply.  

sage  r equ i r e s  a full interrogat ion-reply pa i r  fo r  its t ransmiss ion ,  and i s  indi-  

vidually acknowledged. 

assoc ia ted  up-  and downlink fo rma t s  (Comm-C and Comm-D) provides for the 

Each  such m e s -  

An Extended -Length Message (ELM) protocol with 
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more efficient t r ansmiss ion  of longer  messages .  This  protocol p e r m i t s  the 

chaining of u p  to  16 message  segments ,  each  a Comm-C o r  Comm-D fo rma t  

containing 8 0  data link message  bits,  with a single acknowledgment for  the 

total  message .  It is expected that ELM capabili ty will  be included only in  

relatively sophisticated a i rborne  installations,  e. g. , a i r  c a r r i e r  aircraft, 

and will  s h a r e  input/output devices with o ther  onboard data link sys tems.  

1. 9 Auxiliary Functions 

Once each  scan  of the in te r roga tor  antenna, a precisely- t imed i n t e r -  

This  synchro-  rogation will  be t ransmi t ted  to  each  DABS -equipped a i r c ra f t .  

nized interrogat ion is  t imed such tha t  the result ing reply occurs  a t  a specified 

clock t ime,  

fo r  s eve ra l  auxi l iary functions, as follows: 

These synchronized interrogat ions and repl ies  provide the bas i s  

1. 9 .  1 Air- to-Air  Conflict Dectection 

Suitably-equipped a i r c r a f t  can de te rmine  the range, range - ra te ,  and 

relat ive bear ing of o ther  DABS-equipped a i r c r a f t  by l istening to the i r  synchro-  

nized repl ies ,  and thus can pe r fo rm a i r - to -a i r  conflict detection. 

1.9. 2 Clock Synchronization 

The synchronized reply time provides to  the a i r c r a f t  a prec ise  t ime 

This can be used to continuously update re ference  once eve ry  few seconds.  

a n  a i rborne  clock, permitt ing the maintenance of a prec ise  on-board t ime s tan-  

dard  a t  relatively low cost.  

1 . 9 .  3 One-way DME 

Ground faci l i t ies  (e. g. , V O R ' s )  can be equipped to radiate DABS-like 

signals a t  p rec ise  clock times. 

with DABS plus a time reference  and distance measuring decoder to determine 

the range to  the radiating ground facility. 

These  signals can be used by a i r c r a f t  equipped 

(See 6. 2. 5. ) 
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2. INTERROGATION SIGNAL CHARACTERISTICS 

2. 1 Genera l  

Two c l a s s e s  of interrogat ions a re  normal ly  t ransmi t ted  by a DABS 

sensor :  (a )  ATCRRS/DABS All-Cal l  interrogations,  and (b) DABS in t e r roga -  

t ions.  

ATCRBS -equipped a i r c r a f t  and f o r  simultaneous acquisit ion of DABS -equipped 

a i r c r a f t .  

munications with DABS-equipped a i r c r a f t  on a s e n s o r ' s  survei l lance rol l -cal l ;  

i n  addition, the DABS-only All-Call  may be  used, i f  needed, f o r  the ini t ia l  

acquisit ion of DABS a i r c r a f t  without t r iggering r ep l i e s  f r o m  ATCRBS-equipped 

air  c raft. 

ATCRBS/DABS All-Call  interrogat ions a re  used  f o r  survei l lance of 

DABS interrogat ions are  used f o r  survei l lance and data l ink coin- 

2. 2 Operating Frequency  

The c a r r i e r  f requency of the interrogat ion t r ansmiss ion  s h a l l  be 

1030 - -+ 0.01 MHz. 

2. 3 ATCRBS/DABS All-Call  Interrogation Signal Charac t e r i s t i c s  

The ATCRBS/DABS All-Call  interrogat ions a re  similar to  the c o r r e s  - 
ponding ATCRBS interrogat ions a s  defined i n  the U. S. National Standard €or  

the I F F  Mark-X (SIF)/Air Traff ic  Control Radar  Beacon Sys tem Charac te r i s  - 
t i c s ,  but with a n  additional pulse P following P An ATCRBS t ransponder  

will  be  unaffected by the presence  of the P4 pulse, and will  respond with a 

no rma l  ATCRBS reply.  

as  a DABS All-Cal l  interrogat ion and will respond with a DABS All-Call  reply.  

4 3' 

A DABS transponder  will  recognize the interrogat ion 

i 

2. 3.  1 

P3,  and P4, as depicted i n  F ig .  2. 3-1. 

pulse P1, a control  pulse P 

t o  suppress  responses  f r o m  a i r c r a f t  i n  the sidelobes of the in te r roga tor  antenna. 

An ATCRBS/DABS All-Call  interrogation consis ts  of t h r e e  pulses,  P1, 

Following the f i rs t  interrogat ion 

is  t ransmi t ted  using a sepa ra t e  antenna pa t te rn  2 
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1 1 8 - 4 - 1 6 1 8 9 1  

Mode A: 

Mode C :  24.0 p s e c  

INTERROGATION >1 
L< 

H H  
0.8 psec 0.8 psec 

H 
0.8 psec 

SLS CONTROL I p2 1 
H 

TRANSMISSION 

0.8 psec 

Fig. 2. 3 -  1. ATCRBS/DABS All-Call  interrogat ions.  

2. 3 .  2 Pul se  width, spacing, r i s e  and fal l  t imes ,  and to le rances  thereon for  

pulses  P1,  P2, and P3 shal l  be as defined in  the U . S .  National Standard for  

ATCRBS. 

2. 3. 3 

2. 3 .  4 

2. 3 .  5 

U.  S. National Standard f o r  ATCRBS f o r  pulses P1, P2, and P3. 

The in te rva l  between P3 and P 

The durat ion of pulse P 

The r i s e  t i m e  and fal l  t ime of pulse P4 sha l l  be a s  defined in the 

sha l l  be 1. 5 - t 0. 1 psec.  4 

sha l l  be 0. 8 - t 0. 1 psec.  4 

2. 3 .  6 The radiated amplitude of P4 shal l  be within 1 dB of the radiated ampl i -  

tude of P1. 

2 .  3 . 7  The radiated ampli tudes of P and P compared  

i n  the U . S .  National Standard for  ATCRBS. 
2 3 

P2, and P shal 1’ 3 2. 3 .  8 

o ther  by m o r e  than 0. 2 MHz. 

The c a r r i e r  f requencies  of P 

to  P 1 shal l  be  as defined 

not differ f r o m  each 

7 
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INTERROGATION p, p2 

SLS CONTROL 
TRANSMISSION 

2. 4. 1 P reamble  

; i 
I I I I I I  
I I I I I I  i ) ) M I  1 1 I 1 I t  

1 \\\ D A T A - B I T  /// 
SYNC PHASE PHASE REVERSAL POSITIONS 

REVERSAL 

p5 

The preamble  cons is t s  of a pa i r  r.)f pulses  P and P2, spaced 1 
2. 0 t 0. 1 p s e c  apar t ,  to  intentionally suppres s  ATCRBS t r ansponder s  which 

rece ive  the interrogat ion.  

defined f o r  pulses  PI and P 

- 

Pul se  width and r i s e  and fall t i m e s  shal l  be a s  

2 of a n  ATCRBS interrogat ion.  

2. 4. 2 

beginning 3. 5 t 0. 1 p s e c  a f t e r  the leading edge of P - 1 '  
accomplished by phase r e v e r s a l s  of the R F  signal.  

The data  block cons is t s  of a single R F  pulse of durat ion 15 o r  29 tlsec 

Data modulation i s  

2. 4. 3 

P2, and P be a s  defined f o r  pu lses  PI, 
The r i s e  and fall  t i m e s  of the K F  c a r r i e r  pulse fo r  the data  block sha l l  

of a n  ATCRBS interrogat ion.  3 
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. 

2. 4. 4 
of the radiated ampli tude of P1. 

The radiated ampli tude of P and the ,data  block sha l l  be within 1 dB 2 

2. 4. 5 A phase r eve r sa l ,  . t e r m e d  the sync phase r eve r sa l ,  sha l l  occur  

0. 5 t 0. 1 psec  following the leading edge of the data  block. - 

2. 4.6 
The f i r s t  data bit begins 0. 5 psec  a f t e r  the sync phase r eve r sa l .  

Each  data  block includes 56 o r  11 2 da ta  bits, each of 0. 25 psec duration. 

2. 4. 7 Differential  Phase  Shift Keyed ( D P S K )  modulation is used, with a phase 

r e v e r s a l  of the R F  signal  a t  the beginning of a bit in te rva l  represent ing a 

b inary  one, and no phase r e v e r s a l  represent ing  a binary zero .  

2. 4.8  

t 0 . 0 2  psec  ( N  2 2)  a f t e r  the sync phase r eve r sa l .  Thus, the f i r s t  t ime a 

data  bi t  phase r e v e r s a l  can occur  i s  0. 5 t 0 . 0 2  psec  a f t e r  the sync phase 

r eve r sa l .  

Each  t r ansmi t t ed  phase r e v e r s a l  sha l l  occur  a t  a t ime N x 0. 25 

- 
- 

2. 4. 9 
be not l e s s  than 0. 04 psec,  nor  g r e a t e r  than 0 .08  psec,  a s  measu red  by the 

spacing between the 9 0 %  points of the amplitude t r ans i en t  assoc ia ted  wi th  each 

phase r eve r sa l .  

The t i m e  requi red  fo r  a phase r e v e r s a l  of the t ransmi t ted  s ignal  sha l l  

2. 4. 10 The to le rance  on the phase relat ionship between success ive  data bi ts  

i n  the DPSK signal  sha l l  be t 5O.  

2. 5 DABS SLS 

2. 5. 1 

to  de te rmine  whether  the in te r roga t ion  emanates  f r o m  the main beam o r  a s ide -  

lobe of a n  in t e r roga to r .  

- 

A control pulse P sha l l  be t ransmi t ted  to pe rmi t  the DABS t ransponder  5 

2. 5. 2 

of pulse P 

the data block. 

for  pulses  PI, P2  and P 

The control  pulse P5 sha l l  be 0 .8  t 0. 1 psec  long. The leading edge - 
sha l l  be coincident i n  t ime,  t 0. 05  psec,  with the leading edge of 5 - 

The r i s e  t i m e  and fa l l  t ime of pulse P 
of a n  ATCRBS interrogat ion.  

sha l l  be a s  defined 5 

3 
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2. 5. 3 The control  pulse P 

used  fo r  the P2 control pulse of an  ATCRBS/DABS All-Call  interrogation. 

F o r  an  a i r c r a f t  not i n  the main  beam of the in te r roga tor ,  the received P5 

pulse amplitude wil l  exceed that  of the data block. 

not detect  the sync phase r eve r sa l ,  and thus will  not a t tempt  to decode the 

r ema inde r  of the data block. 

sha l l  be radiated using the s a m e  antenna pa t te rn  5 

The t ransponder  wil l  then 

2. 5. 4 The carrier frequencies  of P5 and the DABS data block sha l l  not differ 

f r o m  each  other  by m o r e  than 0. 1 MHz. 

1 



3. REPLY SIGNAL CHARACTERISTICS 

3 .  1 Genera l  

Two classes of r ep l i e s  a r e  generated by a DABS transponder:  

(a) ATCRBS rep l i e s  (Mode A o r  Mode C), and (b)  DABS repl ies ,  

repl ies  a r e  generated in  response  to  no rma l  ATCRBS interrogat ions.  DABS 

repl ies  a r e  generated in  response  t o  ATCRBS/DABS All-Call  interrogat ions 

ATCRBS 

o r  DABS interrogat ions.  

3. 2 Operating Frequency 

The carr ier  frequency of the reply t r ansmiss ion  sha 

ATCRBS Reply Signal Charac te r i s t ics  3 .  3 

be 090 t 3 MHz. - 

In response  t o  a n  ATCRBS Mode A or  Mode C interrogation, a DABS 

transponder  sha l l  genera te  the appropriate  Mode A o r  Mode C ATCRBS reply, 

as defined i n  the U. S. National Standard f o r  ATCRBS. The reply signal cha r -  

a c t e r i s t i c s  a r e  depicted in Fig.  3. 3 - 1 .  Reply pulse length, in te rva l ,  and 

to le rances  thereon a r e  as defined in  the U.S. National Standard f o r  ATCRBS. 

I I I I I I I I I I I I I ' +4 .35@s-+  
0 4.45 2.9 4.35 5.8 7.25 8.7 40.45 11.6 (3 .05  44.5 45.95 47.4 18.85 20.3 

TIME ( p s c c )  

Fig. 3 .  3-1. ATCRBS reply format .  

11 



3.  4 DABS Reply Signal Charac t e r i s t i c s  

I I 1 

A DABS reply cons is t s  of a preamble  and a data  block containing 56 
o r  11 2 data  bits.  The  s ignal  f o r m a t  is  depicted in  Fig.  3 .  4- 1. 

r4-J-L 

c 

REPLY DATA BLOCK - R E P L Y 8 ~ ~ ~ 1 9 E b \ C M B L E ~  56 OR 112psec + BIT  

0 0  0 5  10 3 5  4 5  8 0  9 0  

TIME ( p s e c )  

0 0 1 0 0 0 I 

-1 EXAMPLE : REPLY WAVEFORM CORRESPONDING TO 
INFORMATION SEOUENCE 0010.. ,001 

Fig .  3. 4- 1. DABS reply format .  

3. 4. 1 P r e a m b l e  

The preamble  consis ts  of a s e r i e s  of four  0. 5 psec  pulses .  The i n t e r -  

vals  between the leading edge of the  f i r s t  p reamble  pulse and the leading edges 

of the second, third,  and fourth preamble  pulses  sha l l  be 1. 0, 3. 5, and 4. 5 

psec,  respect ively.  

3. 4. 2 Data Block 

The  data  block begins 8. 0 psec  following the leading edge of the f i r s t  

p reamble  pulse. 

pulse position modulation ( P P M )  as follows: 

ponding t o  each  data  bit, a 0. 5 psec  pulse is t ransmi t ted  in the f i r s t  half of 

the in te rva l  i f  the data  bit is  a 1, and in the second half of the in te rva l  if the 

data  bit is  a 0. 

Binary data a r e  t ransmi t ted  a t  a 1. 0 Mb/sec data r a t e  using 

in  the 1. 0 psec  in te rva l  c o r r e s -  

12 



3.  4. 3 Reply Pulse Shape 

All  reply pulses  sha l l  ha e a pulse di ra t ion of 0. 5 t 0. 05 psec,  except 

that  when a 1 follows a 0 in  the data block the two 0. 5 psec pulses  a r e  contig- 

uous, resul t ing in  a single pulse of duration 1. 0 t 0. 05 psec. 

shal l  be between 0. 05 and 0.  1 psec, and pulse fall time sha l l  be between 

0. 05 and 0. 2 psec. 

to  any other  pulse in  a rep ly  t r a i n  shal l  not exceed 1 dB. 

- 

Pulse  rise t ime - 

The pulse amplitude var ia t ion of one pulse with respec t  

Note: The intent of the lower limit of rise and fal l  t i m e s  
(0.5 p sec )  is to reduce the sideband radiation. 
wil l  mee t  this  requi rement  i f  the sideband radiation is  no 
g r e a t e r  than that  which theoret ical ly  would be produced by 
a t rapezoidal  wave having the s ta ted rise and decay t imes .  

Equipment 

3. 4. 4 Reply Pulse Interval  Tolerances  

The pulse in te rva l  tolerance fo r  the leading edge of each  pulse, with 

r e spec t  t o  the leading edge of the first preamble pulse of the reply, shal l  be 

t 0.05 psec.  - 

3. 5 Reply Delay and J i t t e r  for  a DABS Interrogation 

The leading edge of the first preamble pulse of the reply to a DABS 

interrogat ion shal l  occur  at a time 128. 0 t 0. 25 psec  following the sync phase 

r e v e r s a l  of the interrogat ion data block. 

not exceed 0 . 0 5  psec,  rms. 

- 
The j i t t e r  of the reply delay shal l  

3 . 6  Reply Delay and J i t t e r  f o r  a n  ATCRBS/DABS All-Call  Interrogation 

The leading edge of the f i r s t  preamble pulse of the reply t o  a n  ATCRBS/ 

DABS All-Call  interrogation sha l l  occur  at a t ime  128. 0 t - 0. 25 psec  following 

the leading edge of the P4 pulse of the interrogation. 

delay sha l l  not exceed 0. 06 psec, rms. 

ATCRBS National Standard reply jitter specification of t - 0. 1 psec.  ) 

The j i t t e r  of the reply 

(This  value i s  consistent with the 

13 



4. DABS INTERROGATION AND REPLY MESSAGE FORMATS 

4. 1 Genera l  

T h e r e  a r e  four  DABS interrogat ion types,  and four  DABS reply types,  

as  follows: 

Interrogat ion Types 

DABS-Only All-Call  

Survei l lance - (synchronized o r  unsynchronized) 

Comm-A - (synchronized o r  unsynchronized) 

Comm-C 

Reply Types 

All- Cal l  

Survei l lance - (s nchronized o r  

Comm-B - (unsynchronized) 

Comm-D 

4. 2 Interrogat ion Types 

ns  ynchronized) 

4. 2. 1 
acquisit ion of DABS-equipped aircraft. 

All-Call  interrogat ion when the in te r roga tor  does not d e s i r e  t o  e l ic i t  repl ies  

f r o m  ATCRBS-equipped a i r  craf t .  

The DABS-Only All-Call  interrogat ion (length 56 b i t s )  i s  used  f o r  the 

It i s  used  i n  place of the ATCRBS/DABS 

4. 2. 2 Surveil lance Interrogation 

The Surveil lance interrogat ion (length 56 b i t s )  is the no rma l  DABS 

interrogation. 

is  to  be t ransmit ted.  

I t  is  used  f o r  a survei l lance update when no data link message  

14 



4. 2. 3 Comm-A Interrogat ion 

The Comm-A interrogat ion (length 11 2 b i t s )  is used  for  the, t r a n s m i s -  

sion of a 56-bit ground-to-air  data link message .  Longer messages  may be 

accommodated by suc  ce s sive interrogat ion - re sponse cycles . The Comm-A 

interrogat ion includes the capabili t ies of the Surveil lance interrogation, and 

thus may be used in  i t s  place f o r  a surveil lance update. 

4. 2. 4 Comm-C Interrogation 

The Comm-C interrogat ion (length 11 2 b i t s )  i s  used for  the m o r e  effi- 

Each  Comm-C cient t r ansmiss ion  of long ground-to-air  data link messages .  

interrogat ion includes an  80-bit message  field, and up to 16 Comm-C i n t e r r o -  

gations may  be acknowledged with a single t ransponder  reply. 

interrogat ion cannot be used fo r  a surveil lance update. 

A Comm-C 

4. 3 Reply Types 

4. 3. 1 All-Call  Reply 

The All-Call  reply (length 56 b i t s )  i s  used i n  response to  an  ATCRBS/ 

DABS All-Call  o r  a DABS-Only All-Call  interrogation. 

the in te r roga tor  of the presence  of a DABS-equipped a i r c r a f t  within its a r e a  of 

coverage. I t  includes the a i r c r a f t ' s  d i scre te  addres s  code so  that  the in t e r ro -  

gator can add the a i r c r a f t  to  i t s  DABS ta rge t  ro l l -ca l l  and d iscre te ly  addres s  

subsequent interrogat ions to the a i rc raf t .  

F ie ld ' '  to designate the data link input/output capability of the a i rc raf t .  

Its function i s  to in form 

In addition, it includes a "Capability 

4. 3. 2 Surveillance Reply 

The Surveil lance reply (length 56 b i t s )  is the normal  DABS reply when 

no a i r  -to-ground data-link t ransmiss ion  i s  required.  

includes the a i r c ra f t  p r e s s u r e  altitude, digitally encoded in  the same  fo rma t  

used for  an  ATCRBS Mode C reply. 

p r e s s u r e  altitude t ransmiss ion  may  be replaced by the a i r c r a f t ' s  ATCRBS 

identity (4096) code setting. 

e. g . ,  on init ial  acquisiton of a DABS-equipped ta rge t ,  but a l so  may be requested 
by the a i r c ra f t ,  e. g . ,  to designate a n  emergency  condition. 

This reply normally 

However, under  in te r roga tor  control the 

This code readout is initiated by the interrogator ,  

15 



4. 3 .  3 Comm-B Reply 

The Comm-B reply (length 11 2 b i t s )  is  used  fo r  the  t r ansmiss ion  of a 

56-bit a i r - to-ground data link message .  

modated by success ive  interrogat ion-response cycles.  

includes the capabili t ies of the (unsynchronized) Surveil lance reply, and thus 

may  be used in  its place fo r  a survei l lance update. 

Longer m e s s a g e s  may  be a c c o m -  

The Comm-B reply 

4. 3 .  4 Comm-D Reply 

The Comm-D reply (length 11 2 b i t s )  i s  u sed  for  the m o r e  efficient 

t r ansmiss ion  of long air- to-ground data link messages .  Each  Comm-D reply 

includes an  80-bit  message  field; and up  to 16 Comm-D repl ies  may be t r a n s -  

mitted a s  a single long response,  and acknowledged with a single interrogation. 

A Comm-D reply cannot be used f o r  a survei l lance update because  it does not 

include the a i r c r a f t  altitude. 

4. 4 Data Block F o r m a t s  

The data block formats  fo r  each interrogat ion and reply type a r e  shown 

in F i g .  4. 4-1. A brief discussion of each field follows. Section 6, Link O p e r -  

ating Protocol,  includes a m o r e  detailed descr ipt ion of the use of the control 

f ields to  effect the survei l lance and data link functions. 

The field definitions a r e  divided into five types:  Genera l  Fields  (4. 4. I ) ,  

All-Call  Interrogation/Reply Fields  (4. 4. 2), Survei l lance/Comm-A Interroga - 
tion Fields  (4. 4. 3 ) ,  Survei l lance/Comm-B Reply Fields  (4. 4. 4), and Special  

Comm-C/Comm-D Fields  (4. 4. 5). Table 4. 4- 1 indexes these  field definitions. 

4. 4. 1 Genera l  Fields  
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4.4.1.1 F: F o r m a t  Type 

The first b i t  of t he  data block, which designates  the f o r m a t  type,  a s  

follows: 

F F o r m a t  Type 

0 Normal  (Surveillance, Comm-A, 
- 

Comm-B fo rma t s )  

1 Special  (All-Call, ELM fo rma t s )  

4.4. 1. 2 L: Length 

The  second b i t  of t h e  data block, which designates  the block length, a s  

follows : 

- L Length 

0 56 bits 

1 1 1 2 b i t s  

4.4.1. 3 IT: In te r roga tor  Type 

A one-bit f ie ld  which designates  whether the interrogat ion is t ransmi t ted  

f r o m  a s tandard ( I T = l )  o r  auxi l iary (IT=O) interrogator .  

the meaning of the DABS All-Call  lockout (DL) code. 

The IT bit  de te rmines  

In general ,  a s tandard interrogator  is  a DABS senso r  with a direct ional  

antenna performing normal  ATC survei l lance and communications,  while a n  

auxi l iary in te r roga tor  i s  a n  omnidirectional faci l i ty  whose function i s  t o  provide 

synchronizing interrogat ions to  a i r c r a f t  not under DABS surveil lance.  

4. 4. 2 All-Call  Interrogation/Reply Fields  

4. 4. 2. 1 Capability 

A six-bit f ie ld  which designates to  the in te r roga tor  the data link input/ 

output capability of the a i r c ra f t .  

a specific capability. 

Each  of the bi ts  i n  th i s  field is  dedicated to  

A "1 " in  a par t icular  bi t  position indicates the following: 

Bit No .  
3 Equipped with IPC/PWI Display 

4 Equipped with ATC numeric display ( F r e q . ,  A l t . ,  Heading, Ai rspeed)  

5 

6 Unassigned 
7 Unassigned 

Equipped with ATC alphanumeric display ( 3 2  c h a r a c t e r )  

Request  extended capability and/or var iable  ca l l  sign ( s e e  4. 4. 3 . 6 )  
1 7  



D A B S  ONLY A L L - C A L L  INTERROGATION 

rF=1l l  -01 I T  I SP 1 28 "I" '5 PA R m  

SUR'JEILLANCE INTERROGATIONS 
'rYSYNCHRONIZE3 

F = O  L=O I T  D L  A L  S=O A I  R L  MSRC C P  C 8  SP SD ( A L E C )  I ADORESSI-] 
1 2 3 4 5 6 7 8 9 10 (3  14 15 16 $ 7  32 33 56 

SYNCHRONIZE7 

F.0 L:O I T  D L  A L  S- l  EPOCH C P  C 8  SP SD ( A L E C )  I ADDRES;)=] 
I 2 3  4 5 6 7 8  I3 I4  15 16 17 32 33 56 

COMM-A INTERROGATIONS 
UNSYNCHRONIZED 

F=O L z I  I T  1 D L  A L  S=O A I  RL MSRC CP C 8  SP SD (ALEC) M A  I A D D R E S ~ I ~ ~  
I 2 3 4 5 6 7 8 9  10 13 I4  15 I6 I7  32 33 88 89 1t2 

SYNCHRONIZED 

F = O  L = 1  I T  D L  A L  S = I  EPOCH CP CB SP SO (ALEC) MA I ADDRE+- 
1 2 3 4  5 6 7 8 9  13 14 15 16 17 32 33 88 89 I12 

COMM-C INTERROGATION 

I A D D R E S ~ ; ~ ~  F:I  L = i  RTC SNC MC 

I 2 3 4 5  8 9  88 89 112 

A L L - C A L L  REPLY 

IF = i I L = O I  CAPABILITY I ADDRESS I PAR'I'TY I 
4 2 3  8 9  32 33 56 

SURVEILLANCE REPLY 
I I N Z Y N r Y n r l U 1 7 F n  
1 ._. .- -..__I 

F:OL=O SP SP SP A S=O A I  D DCOUNT I PBUT I 8 I sp I SP I FR I ALTITUDE:[IDENTITY I ADDRESBI-] 
I 2  3 4 5 6 7 8 9 I O  13 (4 I5  16 17 I8 49 20 32 33 56 

SI NCHRON I Z E D  

F = O  L = O  SP SP SP A S = I  EPOCH I PBUT I 8 [ S P  I S P  I FR 1 A L T I i : U D E  I A D D R E S S : i F ]  

1 2 3 4 5 6 7 8  I3  I4  $5 16 I7 I8 19 20 32 33 56 

COMM-8 REPLY 
ALW4YS UNSYNCHRONlZEi 

1 ADDRES~T] F=O L ' l  SP SP SP A S = O  A I  D DCOUNT PBUT 8 SP SP F R  A L T I T U D E I I D E N T I T Y  M B  
1 2 3 4 5 6 7 8 9 1 0  t3 14 f 5  46 17 I 8  (9 20 32 33 88 89 142 

COMM-D REPLY 

I A D D R E S S > w ]  F'I  L:i SP K SND M D  

I 2 3 4 5  8 9  88 89 112 

Fig. 4.4-1. Interrogation and reply formats. 



FIELD NAME ABBREVIATIONS (Fig. 4.4- 1). 

A: 
AI: 

AL: 
ALEC: 
B: 

CB: 
CP: 
D: 

DCOUNT: 

DL: 
EPOCH: 
F: 
FR: 
IT : 
K: 

Ale r t  
Altitude/Identity 
Designator 
ATCRBS Lockout 
Altitude Echo 
Air-to-Ground Data Link 
Message Waiting 
C lea r  Comm-B 
Clea r  PBUT 
Ai r  -to-Ground Extended- 
Length Message  Waiting 
Number of Segments i n  
Air-to-Ground Extended- 
Length Message 
DABS All-Call  Lockout 
Synchronous Reply Time 
F o r m a t  Type 
Flight Rules Indicato r 
Inte r r ogator Type 
Extended-Length Message 
Control Indicator 

L: 
MA : 

MB: 

MC: 

MD: 

MSRC: 

PBUT: 
RL: 
RTC: 

S: 
SD: 
SP: 
SNC : 

SND: 

Data -Block Length 
Ground-to-Air Data Link 
Message 
Air-to-Ground Data Link 
Message 
Ground-to-Air Extended- 
Length Message Segment 
Air  -to-Ground Extended- 
Length Message Segment 
Air  -to-Ground Data Link 
Message Source 
P i lo t  Acknowledgment Buttons 
Reply Length 
Reply Type f o r  Comm-C 
Interrogations 
Synchronization Indicator 
Special  Data 
Spare  
Segment Number of Ground- 
to-Air E L M  Segment 
Segment Number of Ai r - to-  
Ground ELM Segment 

Table 4. 4- 1. Index of field definitions. 

A (4. 4. 4. 1) 
Address  (4. 4. 2. 2) 
Address /Par i ty  (4. 4. 3. 1 3  and 4. 4. 4. 12 
AI (4. 4. 3. 4 and 4. 4. 4. 3) 
A L  (4 .4.3.2)  
ALEC (4. 4. 3. 11) 
Altitude (4. 4. 4. 10) 
AR (4. 4. 3. 12) 
B (4. 4. 4. 8 )  
Capability (4. 4. 2. 1 )  
CB (4.4. 3.9) 
C P  (4. 4. 3.8) 
D (4. 4. 4. 4) 
DC (6. 2. 4. 1 )  
DCOUNT (4.4.4. 5 )  
DE (6. 2. 4. 1) 
D L  (4. 4. 3. 1)  
EPOCH (4.4. 3. 7 and 4.4.4.6 
F (4. 4. 1. 1)  

F R  (4. 4. 4. 9 )  
Identity (4. 4. 4. 10) 
IT  (4.4. 1. 3) 
K (4. 4. 5. 3) 

MA (4. 4. 3, 12 )  
MB (4. 4. 4. 11) 
MC (4.4. 5. 2) 
MD (4. 4. 5. 3) 
MDES (6. 2. 4. 1) 
MSRC (4.4. 3. 6 )  
P a r i t y  (4. 4. 2. 3) 
P B U T  (4. 4. 4. 7) 
RL (4.4. 3. 51 
RTC (4. 4. 5 .  1) 
S (4. 4. 3. 3 and 4. 4. 4. 2) 
SA (6. 2. 4. 1) 
SD (4. 4. 3. 10) 
SNC (4. 4. 5. 2) 
SND (4. 4. 5. 3)  

L (4.4. 1. 2) 
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4.4.2.  2 A d d r e s s  

A 24-bit f ield which contains the  a i r c r a f t ' s  d i sc re t e  a d d r e s s  code. 

I 
4.4. 3 Surveillance/Comm-A Interrogat ion F ie lds  

4. 4. 2. 3 P a r i t y  

A 24-bit f ie ld  which contains  24 par i ty  check bits genera ted  by app1.ying 

a pa r i ty  check code t o  the preceeding  bits i n  the data block. 

f o r  generat ing the par i ty  check bits a r e  desc r ibed  i n  Section 5. 

The a lgo r i thms  

, A two-bit f ield which al lows the in t e r roga to r  t o  prevent  t h e  t r ansponder  

f r o m  replying to All-Cal l  in te r roga t ions  o r  auxi l ia ry  d i s c r e t e  a d d r e s s  i n t e r r o -  

gations.  
rece ived  in the same t r ansmiss ion ,  as summar ized  in Table 4. 4-2.  

I 

The meaning of the  DL code is determined b y  the value of the I T  bit 

, 
I 4.4. 3 .  2 AL: ATCRBS Lockout 

4 .4 .  3 .  1 DL: DABS All-Call  Lockout 

Function When IT = 1 
(Standard In t e r roga to r  ) 

C l e a r  all DABS lockouts 

Lockout Std. All-Cal ls  i n  addition 
to  previously-set  lockouts 

Lockout Aux. All-Cal ls  and Aux. 
Di s c r ete - Addr e s s Inter rogat ions 

Lockout Std. All-Cal ls ,  Aux. 
All-Cal ls ,  and Aux. Discre te -  

l Address  Interrogat ions 

Table 4. 4-2. Lockout codes 

DL 

00 

01 

10 

- 

11 

C l e a r  Aux. All-Cal l  lockout 

Lockout Aux. All-Cal ls  i n  addition 
to  previously-  set lockouts 

Hold c u r r e n t  lockout state 

Unassigned 

Function When IT = 0 
f Auxilia r v  In te r roga tor  1 

(Note: Standard All-Cal ls  a r e  ATCRBS/DABS All-Calls.  Auxil iary All-Calls a r e  

DABS-only All-Calls with IT  = 0. 

locked out. ) 

DABS-only All-Cal ls  wi th  I T  = 1 cannot be  

A one-bit f ield which al lows the in te r roga tor  t o  prevent  the t r ansponder  

f r o m  replying to  ATCRBS interrogat ions.  

t o  ATCRBS interrogat ions.  

A "1" i n  this field inhibits repl.ies 
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4. 4. 3. 3 S: Synchronization Indicator 

A one-bit field which designates  whether  the interrogation is  synch- 

ronized, i. e . ,  t imed such tha t  the result ing reply occur s  at a p rec i se  clock 

t ime.  A "1" i n  th i s  f ie ld  indicates that  the interrogation is synchronized. 

4. 4. 3. 4 AI: Altitude/Identity Designator 

A one-bit  field used  to  designate whether the reply is t o  contain the 

p r e s s u r e  altitude code o r  ATCRBS identity code in its altitude/identity field. 

A "1" is used  t o  reques t  t r ansmiss ion  of the ATCRBS identity code. 

4. 4. 3. 5 RL: Reply Length 

A one-bit field used  to  designate the reply type (length), as  follows: 

- R L  Reply Type 
0 Surveil lance (56 b i t s )  

1 Comm-B (1 12 b i t s )  

4.4. 3.6 MSRC: Air-to-Ground Data Link Message  Source 

A four-bi t  field used  with RL=1 to  ini t ia te  readout of message  input 

devices on the a i r c r a f t  (e.  g . ,  extended capability information, MLS position, 

automatic weather  s e n s o r s ,  etc. ). Specific codes a r e  present ly  unassigned, 

except fo r  MSRC=0000 and 0001, which a re  assigned as follows: an  i n t e r r o -  

gation with R L = 1  and MSRC=0000 is used following a n  e a r l i e r  reply containing 

B=l  t o  e l ic i t  a Comm-B reply with a pilot-initiated message  i n  MB. An in t e r -  

rogation with RL=1 and MSRC=OOOl is used t o  r ead  out t he  extended-capability 

f ie ld  of a n  aircraft equipped f o r  Comm-B t ransmiss ion ,  including the voice 

call sign (flight number)  of the aircraft i f  it is different f r o m  the  24-bit fixed 

a d d r e s s  (see 7. 2. 3 ) .  

4.4. 3. 7 EPOCH: Synchronous Reply Time 

A s ix-b i t  field which designates the s ix  mos t  significant bi ts  of the 

result ing synchronized reply time. 
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4.4. 3. 8 CP:  C lea r  PBUT 

A one-bit field which is  used  to  acknowledge and r e s e t  the pilot 

A I '  1 I '  i n  th i s  field indicates  acknowledgment. acknowledgment buttons. 

4.4. 3.9  CB: C lea r  Comm-B 

A one-bit f ie ld  which is  used  to  acknowledge receipt  of a n  a i r - t o -  

ground Comm-B message .  

causes  the B bi t  and the contents of the MB field to  be c leared .  When an  

interrogat ion is received with C B = l ,  the B bi t  sha l l  be c leared  in the reply to  

tha t  interrogat ion unless  another  Comm-B message  i s  waiting; i n  that ca se ,  

the B bit  sha l l  r ema in  se t .  

A "1" i n  th i s  field indicates acknowledgment and 

4. 4. 3. 10  SD: Special  Data 

A 16-bit  f ie ld  used  fo r  t r ansmiss ion  of shor t ,  specialized data words.  

If the first four  bits of SD (B i t s  17-20) a r e  all  zeros ,  the r ema inde r  of SD 

(b i t s  21-32) contains ALEC. 

However,  i f  b i t s  17-20 a r e  not all zeros ,  the t ransponder  is thereby  instructed 

not t o  display the contents of the remainder  of t he  SD field i n  the ALEC dis- 

( N o  other  uses  of SD a re  present ly  defined. 

play. 1 

4.4.  3. 11 ALEC: Altitude Echo 

A 12-bit sub-field of SD used  when b i t s  17-20 a r e  all ze ros  to  traris- 

mit to  the aircraft its alt i tude as  reported on the previous t ransponder  response.  

F o r  convenience i n  display,  ALEC is encoded a s  follows: bits 21-24 t ransmit  

the dec imal  in tegers  0- 12, represent ing 10, 000-ft increments  through 120, 000-ft: 

b i t s  25-28 t r a n s m i t  the dec imal  in tegers  0-9,  represent ing 1, 000-ft increments :  

b i t s  29-32 t r a n s m i t  the dec imal  in tegers  0 - 9 ,  represent ing 100-ft i nc remen t s .  

F o r  a i r c r a f t  flying below 18,000 f t ,  MSL, ALEC i s  co r rec t ed  for  local baro-  

m e t r i c  p r e s s u r e  i n  the a i r c r a f t ' s  operating a r e a ,  s o  that the ALEC display 

should correspond to  the a i r c r a f t  a l t i m e t e r  readout. 

(The  ALEC display allows the  pilot to  cor:tir.uously verify that 
t he  a i r c r a f t ' s  reported alt i tude is  the s a m e  as  that indicated 
by the  a i r c r a f t  altimeter. 
the validity of the repor ted  altitude when used f o r  automatic 

Such a check is  necessary  t o  in su re  
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l e  

conflict detection/resolution (e. g . ,  IPC).  In addition, the 
ALEC display provides continuous a s s u r a n c e  to the pilot that  
he is  under  DABS survei l lance and his equipment is  function- 
ing properly.  ) 

4. 4. 3 .  12 MA: Ground-to-Air Data Link Message  

A 56-bit field which contains the ground-to-air  data-l ink message .  

The f i r s t  bit of MA, designated AR (Acknowledgment Request) ,  indicates 

whether  a pilot acknowledgment of the message  is des i red ,  

bi ts  of MA include, i n  addition to  AR, the display device addres s  code and 

display control bits. 

The f i r s t  eight 

4. 4. 3. 13 Address /Pa r i ty  

A 24-bit field which contains the 24-bit d i scre te  addres s  of the in te r -  

rogated a i r c r a f t  combined with 24 par i ty  bits generated by applying a par i ty  

check code to the preceding bi ts  in  the data block. The algori thms f o r  gen- 

erat ing the par i ty  check bi ts  and for  the i r  combination with the addres s  code 

a r e  descr ibed in Section 5. 

4. 4. 4 Surveillance/Cornm-B Reply F ie lds  

4. 4. 4. 1 A: Ale r t  

A one-bit field requesting the sensor  to t r ansmi t  an interrogat ion with 

AI=1  so that  the ATCRBS identity (4096) code sett ing may be t ransmi t ted  to  the 

ground. 

when under  DABS survei l lance.  

downlink m e s s a g e s  i f  specific codes w e r e  designated for  that  purpose. 

A bit  i s  ordinar i ly  se t  by means  of a momentary-contact  switch on the t r ans -  

ponder control panel. 

the A bit  i s  automatically s e t  when the f i r s t  two digits of the ATCRBS 4096 

code a r e  s e t  to 7 6  to 77. 

bi t  is c leared  by the rece ip t  of an interrogation with AI=1. 

ATCRBS code se lec tor ,  the A bit is t ransmi t ted  i n  a l l  DABS repl ies  and can- 

not be c leared  f r o m  the ground. 

This is the manner  in  which a pilot indicates an emergency  condition 

It could a l so  be used for  t ransmit t ing other  

The 

I n  addition, the t ransponder  wi l l  be designed S O  that  

When s e t  by the momentary-contact  switch, the A 

When s e t  by the 
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4. 4. 4. 2 S: Synchronization Indicator 

A one-bit field which echos the S bit  i n  the corresponding interrogat ion,  

indicating (by S = l )  that  the reply is synchronized and can be used  by suitably 

equipped a i r c r a f t  fo r  a i r - t o - a i r  ranging. 

a Surveil lance reply with altitude. 

always be "0". 

A synchronized reply will  always be 

Thus, the S bit of a Comm-B reply will  

4. 4. 4. 3 AI: Altitude/Identity Designator 

A one-bit  field used t o  designate whether  the altitude/identity field 
. 

contains the p r e s s u r e  altitude code o r  the ATCRBS identity code. 

used to indicate the presence  of the ATCRBS identity code. 

A "1" i s  

4. 4. 4. 4 D: Extended-Length "Message Waiting" Indicator 

A one -bit  field which designates to  the in te r roga tor  that  the t r a n s  - 
A "1" ponder has  an Extended-Length Message waiting to be t ransmi t ted .  

i n  this field indicates the presence  of such a message .  

4.4.4.5 DCOUNT 

A four-bit  f ield used  to  indicate the length of an  Extended-Length 

Message  waiting to be sent. 

l e s s  than the number  of segments  in  the Extended-Length Message.  

The four-bit  binary integer  in  DCOUNT i s  one 

4.4.4.6 EPOCH: Synchronous Reply T ime  

A s ix-bi t  field which repeats ,  in a synchronized reply, the contents 

of the EPOCH field in the corresponding synchronized interrogat ion (paragraph  

4. 4. 3.  7 ) .  

4. 4. 4. 7 PBUT: Pilot  Acknowledgment Buttons 

A two-bit field se t  by the pilot to respond t o  an Acknowledgment 

Request  (AR=l ) ,  o r  to  reques t  the t ransmiss ion  of a display t e s t  sequence, 

a s  follows: 
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P B U T  Meaning 

0 0  None 

0 1  Cannot comply 

1 0  W i l l  comply 

1 1  Request test t r a n s m i s  sion 

4. 4. 4. 8 B: Data Link "Message Waiting'' Indicator 

A one-bit field which designates  to  the in te r roga tor  that  the t r a n s -  

ponder has  a Comm-B message  waiting to  be t ransmit ted.  

field indicates the presence  of such a message .  
A "1" in  th i s  

4. 4. 4. 9 FR: Flight Rules Indicator 

A one-bit field s e t  by the pilot t o  indicate whether the a i r c r a f t  is 

operating under  visual  o r  ins t rument  flight ru les .  

I F R  operation. 
A "1" in  th i s  field designates 

4. 4. 4. 10 Altitude/Identity 

A 13-bit field which contains the ATCRBS Mode A identity code o r  
Mode C alt i tude code (including the ' 'XI1 bit), a s  indicated by the AI field. 

4.4. 4. 11 MB: Air-to-Ground Data Link Message 

A 56-bit field which contains the air - to-ground data link message .  

The f i r s t  eight bi ts  of MB a r e  reserved  fo r  input device addres s  code and 

a s s o ciat  e d c ont r o'l/ s t atu s bits  . 
4. 4. 4. 1 2  Address /Par i ty  

A 24-bit field which contains the 24-bit d i scre te  addres s  of the 

replying a i r c r a f t  combined with 24 parity check bits generated by applying 

a parity check code t o  the preceding bi ts  in the data block. 

f o r  generating the parity check bi ts  and fo r  t he i r  combination with the addres s  

code a re  descr ibed in Section 5. 

The algori thms 
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4.4.5 Special  Comm-C/Comm-D Fields  

4.4.5. 1 RTC: Reply Type fo r  Comm-C Interrogat ions 

A special  two-bit reply type and control  f ield used in  conjunction .with 

an  Extended-Length Message  t ransmiss ion .  

Table 4. 4-3. 
The RTC codes a r e  defined i n  

4.4.5. 2 S N C  and MC 

Respectively, 4- and 80-bit  segment  number and m e s s a g e  fields i n -  

cluded i n  Comm-C t r ansmiss ions .  

on the the RTC code, a s  defined i n  Table 4. 4 - 3 .  

The interpretat ion of these fields depends 

4.4. 5. 3 K, SND, and MD 

Respectively,  1- ,  4-, and 80-bit f ields which a r e  used for  Extended- 

Length Message  t r ans fe r ,  as follows: 

MD - - K SND 

0 Segment number of 80-bit  segment  of a i r - t o -  
- 

m e s s a g e  segment  in MD ground Extended- Length 

Message 

1 Not used  Cumulative t ransponder  

technical acknowledgment 

(TTA)  of ground-to-air  

Extended-Length Mes s,age 
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Bit 9 (first bit of 
MC) = 1 ,  others  = 0 

Single Comm-D, 
contents a rbi t  ra r y  

I U .  ' # I '  

Table 4. 4 - 3 .  Definition of Comm-C fields.  

Function of 
Comm-C Transmiss ion  

Contains highe st-numbe r ed  seg-  
ment  of uplink ELM and indicates 
number of segments  to  follow 

SNC MC RTC 

0 0  0 0 0 1  
to 

1 1 1 1  

Init ial  8 0-bit 
Message Segment 

N o  Reply 

0 0 0 1  
to  

1 1 1 0  

Intermediate 80-bit 
Message Segment 

No Reply Contains a n  intermediate  
segment of a n  uplink ELM and 
its  segment  number  

0 1  

1 0  0 0 0 0  
t o  

1 1 1 0  

Contains last segment of up- 
link ELM and reques ts  cumula- 
t ive t ransponder  technical 
a c know 1 e d g m e nt ( T T A ) 

Final  80-bit 
Message Segment 

Comm-D with K = l  
and TTA i n  MD 

~ 

Specifies which downlink E L M  
segments  the t ransponder  
should t r ansmi t  

1 1  0 0 0 0  Segment Request (SR) 
Field (16 b i t s )  

Multiple C o m m  - D 
t ransmiss ions  

1 1  0 0 0 1  
~ 

Bit 9 (first bit of 
MC) = 1 ,  others  = 0 

Single Comm-D, 
contents a r b i t r a r y  

~ 

Concludes a n  uplink ELM 
t r a n s  action 

0 0 1 0  1 1  

1 1  

Concludes a downlink ELM 
t r a n s  action 

Undefined 0 0 1 1  
to 

1 1 1 1  



5. ERROR PROTECTION 

5 .  1 E r r o r  Pro tec t ion  Technique 

5. 1. 1 P a r i t y  check coding is used  on DABS interrogat ions and rep l ies  t o  

provide a high degree  of protection against  the occur rence  of undetected c. xrrors .  

5. 1 . 2  
sion. 

rogations and All-Cal l  repl ies ,  these  par i ty  check bits a r e  combined with. the 

24-bit d i sc re t e  addres s  in the interrogat ion o r  reply, thereby providing a. high 

Twenty-four par i ty  check bi ts  a r e  generated f o r  each  DABS t ransrn is  - 
In a l l  DABS interrogat ions and replies,  except DABS-only All-Call  i n t e r -  

degree  of e r r o r  protection without increas ing  the t ransmi t ted  m e s s a g e  length. 

5. 1. 2. 1 In DABS-only All-Call  interrogat ions and in  cer ta in  other i n t e r roga -  

t ions which a r e  directed to  a l l  DABS t ransponders  (such a s  one-way DME t r a n s -  

missions (6. 2. 5 ) ) ,  no addres s  i s  t ransmit ted.  In these  t r ansmiss ions  the par i ty  

bi ts  a r e  t ransmi t ted  a s  they a r e  generated or ,  in  effect, combined with an 

addres s  of a l l  zeros .  

5. 1. 2. 2 

of the information field. The 24 par i ty  check bi ts  a r e  then t ransmi t ted  a s  

they a r e  generated,  i. e. , without combining them with the a d d r e s s  bits.  

In DABS All-Call  rep l ies  the 24-bit add res s  is t ransmi t ted  a s  par t  

5. 1. 3 An e r r o r  occurr ing in  the received data block (in e i ther  the information 

field o r  the address /par i ty  field) will, in general ,  modify the bit pat tern in the 

a d d r e s s  field a t  the completion of the decoding process .  

a n  undetected e r r o r ,  i. e . ,  one which does not modify the a d d r e s s  pat tern 

a f t e r  decoding, is ex t r eme ly  small .  

The probability of 

5. 1.4 
the interrogat ion was a d d r e s s e d  will not recognize its addres s  and will 

When a n  e r r o r  occurs  in  a n  interrogat ion,  the t ransponder  to  which 

not reply or accept  any  accompanying message .  

28 



5. 1.4. 1 

a n  a i r c r a f t  t o  accept  a n  interrogat ion which was  actually a d d r e s s e d  to  another  

a i rc raf t .  

16 mill ion),  the probability of occurrence of such a misd i rec ted  m e s s a g e  is 

ve ry  low. Note that  the a i r c r a f t  receiving the misd i rec ted  message  mus t  be 

in  the main  lobe of the in te r roga tor  antenna pattern.  

rogation will  be rejected by the  DABS sidelobe suppression action. 

It is  possible that  noise o r  interference-induced e r r o r s  will cause  

24 Because of the very  la rge  number of possible a d d r e s s e s  ( 2  

Otherwise, the in t e r -  

5. 1.5 

in te r roga tor  a l ready  knows the addres s  of the replying a i r c ra f t .  This fact  

allows the in te r roga tor  not only to detect  e r r o r s  in the reply, but a l so  to  c o r -  

r ec t  cer ta in  e r r o r  pat terns  without significantly compromising the reliabil i ty 

of e r r o r  detection. 

t e r n s  result ing f r o m  in te r fe rence  due to  a single ATCRBS reply. 

In decoding the response  to a d i scre te ly-addressed  interrogation, the 

The code proper t ies  pe rmi t  the correct ion of e r r o r  pat-  

5. 1.5. 1 

does not know the addres s  of the replying a i r c ra f t .  

check bits a r e  not combined with the addres s  bits i n  the DABS All-Call reply,  

the e r r o r  detection and cor rec t ion  capability i s  the s a m e  as in  the case  of 

r e s po n s e s t o  d i  s c ret e ly - add r e s s e d i nt e r r o ga t io n s . 

In decoding the response  to a n  All-Call  interrogation, the decoder 

However,  since the par i ty  

5. 2 P a r i t y  Check Sequence Generation 

5. 2. 1 A systematic  code i s  employed in  which the 3 2  o r  88-bit information 

field (of a 56 o r  112-bit data block, respect ively)  i s  t ransmi t ted  unmodified. 

5. 2. 2 

formation field with a n  encoder descr ibed by the following polynomial: 

Twenty-four parity check bits a r e  generated by operating on the in-  

24 

i= 0 

where g = 1 for  i = O  through 1 2 ,  14, 21, 24 i 
= 0 otherwise. 

The detailed operation of the encoder i s  descr ibed i n  paragraph  5.4. 
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5. 2. 3 The 24 pari ty  check bi ts  a r e  combined with the 24-bit d i sc re t e  addres s  
(except i n  a DABS-only All-Call interrogat ion o r  a n  All-Call  reply)  and t r a n s -  

mitted sequentially following the information field. 

5. 3 Addres  s / P a r i t y  Combination 

Two slightly different p rocedures  are used for  combining the a d d r e s s  

and  par i ty  check b i t s ,  one for  interrogat ions and one fo r  repl ies .  The  pro-  

cedure  used  fo r  interrogat ions is chosen  t o  minimize  t ransponder  hardwa.re 

complexity. 

e r r o r  co r rec t ion  in  rep ly  decoding. 

The p rocedure  used  for  rep l ies  is chosen t o  faci l i ta te  the use  of 

5.4 Encoder  Opera t ion  

5.4. 1 

encoders .  

rogator  encoder.  ) 

F i g u r e  5.4- 1 depicts a real izat ion of the in te r roga tor  and transpo.nder 

(The connection shown as a broken  l ine is present  only i n  the in t e r -  

--El-- 
I BIT INTERVAL DELAY 

Fig. 5.4- 1. Functional diagram of DABS in te r roga tor  
and t ransponder  encoders .  

5.4. 2 Other  functionally- equivalent encoder  real izat ions are possible. Such 
al ternat ive real izat ions a r e  equally acceptable, provided the addres  s /par i ty  

f ie ld  generated f o r  all information and addres s  fields is  identical  to that  of 

the encoder  in  Fig. 5.4- 1. 
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5.4. 3 A s  i l lus t ra ted ,  the  encoder  c o m p r i s e s  a 24-stage shift r eg i s t e r ,  with 

the outputs of ce r t a in  s tages ,  a s  defined by the  charac te r i s t ic  polynomial, 

summed modulo 2 with the input sequence and applied to the shift r eg i s t e r  

input. 

5.4.4 

of the information field, the second during the t r ansmiss ion  of the a d d r e s s /  

par i ty  field. 

of the switch; the position i l lustrated cor responds  to  the mode used during 

the t r ansmiss ion  of the information field. 

The  encoder opera tes  i n  two modes ,  the first during the t r ansmiss ion  

In the depicted encoder ,  the mode is de te rmined  by the position 

5.4.5 

During t r ansmiss ion  of the information field, the encoder  output i s  connected 

direct ly  t o  the input, i. e . ,  the t ransmi t ted  bits a r e  identically the information 

bits. Simultaneously the information bits a r e  summed modulo 2 with selected 

shift r eg i s t e r  s tages  and applied t o  the shift r eg i s t e r  input. 

Encoding commences  with all shift r eg i s t e r  s tages  init ialized to "0". 

5.4.6 

(i. e . ,  the sequence of bi ts  to  be t ransmi t ted)  is the output of the sum-modulo-2 

network. In the in te r roga tor  encoder,  the addres s  bi ts  a r e  applied sequentially 

t o  the shift r eg i s t e r  input a s  well a s  to the sum-modulo-2 network. 

ponder encoder,  the a d d r e s s  bi ts  a r e  applied only to  the sum-modulo-2 network; 

the shift r eg i s t e r  input i s  s e t  to  "0 "  during address /par i ty  field t ransmiss ion .  

During t r ansmiss ion  of the address /par i ty  field,  the encoder output 

In the t r a n s -  
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6. LINK OPERATING PROTOCOL 

The following material, p r imar i ly  of a n  explanatory nature ,  desc r ibes  

the u s e  of t he  DABS m e s s a g e  f o r m a t s  i n  effecting the  survei l lance and colm- 

munications functions. 

6. 1 Survei l lance 

6. 1. 1 Acquisit i3n 

Acquisit ion of a n  aircraft occurs  a s  the r e su l t  of a handoff procedure  

f r o m  another  s enso r  o r  f r o m  a n  All-Call  rep ly  ( in  the case of a I'pop-upll 

t a rge t ) .  

6.1.  1. 1 When a n  a i r c r a f t  i s  acqui red  as the r e su l t  of a n  All-Call  reply,  the 

Capability field designates  whether the aircraft i s  equipped with ce r t a in  bas ic  

data link output/display devices ,  and whether it is equipped with additional 

data link capability, including potential capability for  t r ansmiss ion  of a va r i -  

able call sign. 

6.  1. 1. 2 

fo r  aircraft equipped f o r  air-to-ground t ransmiss ion .  

acqui red  by interrogat ing the  aircraft with RL=1 and MSRC=0001. 

rogation el ic i ts  a Comm-B reply  containing an extended capability field in 

MB. 

F u r t h e r  knowledge of data link input/output capabili ty will be  requi red  

This  information is 

This in te r -  

6. 1 . 1 .  13 

sign ( s e e  4. 4. 3.6 and 7. 3. 2)  to  be co r re l a t ed  with its fixed 24-bit a d d r e s s ,  

the  ca l l  sign is obtained by the senso r  along with the extended-capability code. 

If a n  aircraft is equipped with a device for  entering a var iable  ca l l  

6. 1. 1.  4 
f r o m  another  s enso r ,  t he  capability information is included as pa r t  of the  

handoff. 

If a n  aircraft i s  acqui red  as  the resu l t  of a ground-to-ground handoff 
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6. 1. 2 DABS All-Cal l  Lockout 

When ro l l -ca l l  in te r roga t ions  have begun on a par t icu lar  t a rge t ,  rep l ies  

t o  ATCRBS/DABS All-Calls and auxi l iary DABS d i sc re t e  a d d r e s s  interrogat ions 

a r e  normally locked out by t r ansmiss ion  of the ( 1  1 )  code in  the DL field.  

This  code is repeated i n  all subsequent Survei l lance and Comm-A in t e r ro -  

gations. 

performing survei l lance on that  ta rge t  as  well  a s  to  o ther  DABS s e n s o r s ,  

It a l s o  prevents  the t a r g e t  f r o m  replying t o  any auxi l iary senso r  interrogations.  

Handoff of a t a rge t  t o  another  s enso r  is normally accomplished by sensor - to-  

s enso r  t r ansmiss ion  of the aircraft's a d d r e s s  and position; the receiving sen-  

s o r  then acqu i re s  the t a r g e t  by d i sc re t e  a d d r e s s  interrogat ions.  

the t a r g e t  may  be removed f r o m  DABS All-Call  lockout s ta tus  by the first 

s enso r  so that the receiving senso r  may acqui re  it by All-Call  acquisition. 

This  procedure  prevents  unnecessary  All-Cal l  rep l ies  t o  the senso r  

Alternatively,  

6 .  1. 2. 1 If a t ransponder  does not rece ive  a n  interrogat ion from a standard 

senso r  within a fixed time (corresponding to  a few in te r roga tor  antenna scans ) ,  
lockout to  A TCRBS/DABS All-Calls automatically lapses ,  thereby enabling the 

t a rge t  fo r  acquisition by any s tandard DABS senso r  within range (but excluding 

acquisition by auxi l iary sensors ,  since they do not t r ansmi t  ATCRBS/DABS 

A l l  -Calls ) . 

6. 1. 2. 2 A transponder  cannot be locked out t o  DABS-only All-Calls f r o m  

standard s e n s o r s  (IT= 1 ) .  

thereby  provide a backup acquisit ion procedure which allows a DABS senso r  

to  acqui re  any  DABS t a rge t ,  r ega rd le s s  of its lockout status.  

These t ransmiss ions ,  which a r e  normally not used,  

6. 1 . 3  ATCRBS Lockout 

When a n  a i r c r a f t  is  on the rol l -cal l  of a s tandard DABS interrogator ,  

the ATCRBS lockout bit  (AL) will ordinar i ly  be s e t  to eliminate unnecessary  
ATCRBS repl ies  t o  ATCRBS in te r roga tors  within range of the target .  The use  

of ATCRBS lockout may be inhibited to effect a ta rge t  handover to an ATCRBS- 

only equipped facil i ty,  and a l s o  a t  ce r t a in  times and/or i n  ce r t a in  regions to  

accommodate  the  needs of mi l i ta ry  survei l lance by ATCRBS in te r roga tors .  
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6 .  1. 3 .  1 

d r e s s  interrogat ions a r e  received f o r  a fixed time. Auxiliary s e n s o r s  will  not 

normally lock out t ransponders  t o  ATCRBS interrogat ions.  Therefore ,  loss of 

s tandard  DABS contact will  pe rmi t  acquisit ion by any ATCRBS in te r roga tor .  

6 .  1. 4 Auxil iary In te r roga tor  Lockout 

When a n  aircraft is on the rol l -cal l  of a s tandard DABS in te r roga tor  

The ATCRBS lockout: l apses  i f  no s tandard  o r  auxi l ia ry  d i sc re t e  ad- 

(designated by I T = l ) ,  it will  o rd inar i ly  be locked out (by DL=10 o r  11)  t o  DABS 

interrogat ions (All-  Call o r  d i scre te ly-addressed)  f r o m  a n  auxi l iary in te r roga tor  

(designated by IT=O). 

c 

6.  1.4. 1 

a fixed t ime  (corresponding t o  a few in te r roga tor  antenna scans ) ,  lockout t o  

auxi l iary interrogat ions l apses .  

If no s tandard  o r  auxi l iary DABS interrogat ions a r e  rece ived  within 

6 .  1 .4 .2  

accomplished a s  follows: When the target approaches  the ex t r eme  boundary 

of the s tandard senso r  coverage  area,  the s tandard  senso r  allows the t r a n s -  

Handovers f r o m  s tandard  DABS s e n s o r s  t o  auxi l ia ry  s e n s o r s  are 

ponder to  reply to  auxi l iary t r ansmiss ions .  

auxi l iary rol l -cal l ,  the  auxi l iary senso r  may  lock out the t ransponder  to  

auxi l iary All-Cal ls .  

lockout s ta tus .  ) 

senso r ,  and lockout to  s tandard  All-Calls lapses (6.  1. 2. l ) ,  thereby  allowing 

the t a rge t  to  be automatically reacquired by a s tandard  s e n s o r  if it flies back 

into a s tandard  coverage a r e a .  

When the t a rge t  appea r s  on the 

(This action does not change the s tandard DABS All-Cal l  

The t a rge t  eventually flies out of contact with the s tandard  

6.1.4.  3 When a n  aircraft i s  on the rol l -cal l  of a n  auxi l iary in te r roga tor ,  the 

DABS lockout(DL) code wi l l  normally be s e t  t o 0 1  top reven t  the a i r c r a f t  f rom r e -  

plying to  DABS-only All-Call  interrogat ions f r o m  other  auxi l iary in te r roga tors .  

This  act ion wi l l  not prevent the  t ransponder  f r o m  replying to  ATCRBS/DA,BS A l l -  

Ca l l  o r  DABS-only All-Cal l  interrogat ions f r o m  a s tandard in te r roga tor .  

6 .  1. 5 Surveil lance Interrogation/Reply 

When a n  a i r c r a f t  i s  on the rol l -cal l  of a DABS in te r roga tor ,  routine 

survei l lance i s  per formed by a single interrogat ion/reply cycle each in t e r -  

rogator  antenna scan. 

accu ra t e  azimuth measu remen t  on the bas i s  of a single reply. 

Monopulse direct ion finding is  used to  t o m a k e  a n  
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6. 1.6 Synchronized Interrogation/Reply 

Immediately following the Surveil lance interrogat ion/reply (within the 

s a m e  in te r roga tor  beam dwell time), a precisely- t imed interrogat ion is  t r a n s -  

mitted,  such that the reply occur s  at a specified clock time. The round-trip 

t r ansmiss ion  delay, measu red  on the Surveil lance interrogat ion/reply cycle,  

i s  used t o  de te rmine  the interrogat ion t iming so as  to  achieve the des i r ed  

reply t iming . 

6. 1.7 Reinterrogat ion 

An in te r roga tor  may  not receive a response  to  a n  interrogat ion either 

because the t ransponder  does not receive the interrogat ion and the re fo re  does 

not reply,  o r  because  the  reply cannot be decoded cor rec t ly .  In  e i ther  case ,  

the in te r roga tor  a s s u m e s  the interrogat ion,  with any  accompanying data link 

message, was not received by the t ransponder ,  and additional interrogat ions 

a re  at tempted within the same beam dwell time. 

6. 2 Ground-to-Air Comm-A Data Link Message Trans fe r  

6. 2. 1 

IPC commands and other  "tactical" ATC instruct ions.  

before  any such t r a n s f e r  i s  init iated,  the ground s y s t e m  has knowledge of the 

Comm-A capabili ty of the aircraft i n  question and hence of the set of per -  

missible message  types. 

rogation with the appropr ia te  display device code and message  text i n  MA. 

The reply wi l l  ordinar i ly  be a Surveil lance reply with alt i tude unless  some 

t ransac t ion  involving a n  air-to-ground data link t r ansmiss ion  is being c a r r i e d  

on simultaneously. 

a n  implici t  t ransponder  technical  acknowledgement (TTA) of the  ground-to-air  

message .  
repeat t ransmiss ions .  The t ransac t ion  i s  not necessar i ly  completed with 

receipt  of a n  implici t  TTA, however,  since a pilot acknowledgment i s  re- 

quired for  some messages .  

Comm-A interrogat ions a r e  used fo r  ground-to-air  t r ansmiss ion  of 

It is a s sumed  that ,  

The message is t ransmi t ted  by a Comm-A in te r -  

An acceptable  reply received by the in te r roga tor  consti tutes 

If no reply i s  received,  the message  is  scheduled for  one o r  m o r e  
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6.2.2 Pi lo t  Acknowledgement of Comm-A Messages  

Cer t a in  types of messages ,  e.  g . ,  posit ive IPC commands,  will  r equ i r e  

T o  alert the pilot that a n  acknowledgment is requested,  pilot acknowledgment. 

the "AR" bit in  the Comm-A interrogat ion is set. 

the  t ransponder ,  blinking l ights a re  turned on at o r  near  the pi lot ' s  Y E S  a.nd 

NO buttons and the buttons become active.  

a f t e r  a sho r t  delay to  prevent  the t r ansmiss ion  of a n  acknowledgment which 

might ambiguously r e f e r  to  a previous command. ) When the  pilot pushes a n  

act ive button, the l igh t  assoc ia ted  with that button s tops flashing but r ema ins  

on, the l ight assoc ia ted  with the o ther  button tu rns  off, both buttons becorne 

inactive,  and the  appropr ia te  code is s e t  into the PBUT field. 

When l 1 A R = l "  i s  sensed  by 

(The  l ights and buttons a r e  act ivated 

The PBUT 

signal is then t r ansmi t t ed  to  the ground a s  p a r t  of eve ry  Survei l lance o r  

Comm-B reply. 

6 .  2 .  3 Resett ing of Pi lot  Acknowledgment Signal 

The signal encoded in  P B U T  continues to  be t ransmi t ted  in each  S u r -  

veil lance o r  Comm-B reply until  its receipt  is  acknowledged by the i n t e r r o -  

gator.  This  acknowledgment i s  accomplished by t ransmi t t ing  a n  inte r roga  - 
tion with CP=1.  

Note that  the sequence of s t a t e s  of the light (flashing - steady - off) s e r v e s  to  

indicate to  the pilot the p rogres s  of the t ransact ion.  

Receipt of CP=1  r e s e t s  PBUT to 00  and tu rns  the l ights off.  

6 .  2. 3 .  1 The light is a l s o  turned  off and PBUT reset under  e i ther  of two o ther  

conditions: (1)  interrupt ion and recovery  f r o m  a power fa i lure  in  the t r a n s -  

ponder o r  re la ted  1/0 devices ,  and  ( 2 )  loss of s tandard  DABS contact ,  defined 

as  fa i lure  by the t ransponder  t o  decode its p rope r  a d d r e s s  i n  a DABS in t e r -  

rogation (with I T = l )  fo r  some  fixed t ime ,  equal t o  that of a small number of 

in te r roga tor  antenna scans.  

6. 2.4 Multiple-Segment Comm-A Ground-to-Air Message  Trans fe r  

Recent studies::: of ground-to-air  ATC data link message  requi rements  

have indicated that  a message  length capabili ty of approximately 32  alphanum- 

e r i c  c h a r a c t e r s  i s  sufficient t o  accommodate  most  ATC; "tactical" messages .  

:::For example see  121. 
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Such m e s s a g e  can be t r a n s f e r r e d  as a success ion  of e ight-character  segments ,  

each segment  t ransmi t ted  by a Comm-A interrogat ion,  and each individually 

acknowledged before t r ansmiss ion  of the succeeding segment. 

6. 2 .4 .1  32-Charac te r  Display Configuration and Message  F o r m a t  

This section descr ibes  a possible display configuration and a s soc i -  
The m e s -  a ted link protocol to  provide 32-character  data link capability. 

sage display consis ts  of four sections,  each capable of displaying eight 

a lphanumer ic  cha rac t e r s .  
by means  of a single device a d d r e s s  code. 

a lphanumer ic  cha rac t e r ;  thus ,  48 bits a r e  required t o  display each eight- 

cha rac t e r  section. 

includes the AR bi t ,  a 3-bit device addres s  code (MDES = 000 for  this  display) ,  

and four control  bits .  

Display Enable ( D E ) ,  control the display operations a s  follows: 

A l l  of the sections of the  display a r e  accessed  

Six bi ts  a r e  used t o  encode each 

The remaining 8-bits f o r m  a m e s s a g e  control  field which 

Two of these bi ts ,  designated Display C lea r  (DC) and 

A message  segment  containing DC= 1 c l e a r s  a l l  four 

sections of the display and associated memory .  

A message  segment  containing DE=O blanks (i. e . ,  tu rns  

off) a l l  four sections of the display, but does not e r a s e  

the contents of the display memory  r eg i s t e r s .  

A message  segment  containing D E = ]  act ivates  (i. e . ,  

t u rns  on) a l l  four section of the display. 

Two additional b i t s ,  designated Section Address  (SA)  bi t s ,  a r e  used to  indicate 

the segment  number (0 through 3 )  of the associated message  segment ,  and 

define which section of the display is t o  be used for that  message  segment. 

Figure 6. 2 -1  depicts the tentative message  format .  
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AR 

A R :  Acknowledgment Request 
DC: D i s p l a y  C l e a r  0 = No a c t i o n  

DE: 

1 = C l e a r  

D i s p l a y  Enable 0 = Blank 

1 = D i s p l a y  
MOES: D i s p l a y  Device  Code 

SA: S e c t i o n  Address 

CHARACTER 2 CHARACTER 8 MDES DC D E  S A  CHARACTER 1 

Fig. 6. 2- 1. 
t o -a i r  m e s s a g e s .  

MA field f o r m a t  for multiple- segment  ground- 

6. 2.4 .  2 Link Pro tocol  for  Complete  Ground-to-Air Message  

T r a n s m i s s i o n  of a complete  message  (all display sections updated) 

is  init iated with a Comm-A interrogat ion with the  appropr ia te  MDES, and 

with DC=1 and DE=O o r  1 (depending on whether the m e s s a g e  segments  a r e  to  

be displayed as received, DE=1, o r  not until the to ta l  m e s s a g e  is del ivered,  

DE=O. ) If th is  is  the only segment  to  be t ransmi t ted ,  DE=1. 

allowable value, depending on the des i r ed  display fo rma t  and o r d e r  of t r a n s -  

mission. This  segment,  and all subsequent ones,  mus t  be acknowledged by 

rece ip t  of the  t ransponder  reply p r io r  to t r ansmiss ion  of a subsequent segment;  

i f  the  reply is not received,  the s a m e  segment  i s  retransmit ted.  

this reply is received,  the next s egmen t  may be t ransmit ted.  

sequent segments  of the s a m e  message  a r e  t ransmi t ted  with DC=O in o r d e r  

not to e r a s e  a l r eady  t ransmi t ted  segments;  again,  DE may  be 0 o r  1, except 

that  on the final segment  DE m u s t  be 1 in o rde r  to act ivate  th.e display. If 

pilot acknowledgment of the m e s s a g e  i s  requi red ,  the AR bit  is s e t  i n  the 

Comm-A interrogat ion containing the  final segment.  

SA can have any  

As soon a s  

This and sub- 

6. 2.4.  3 Section Update 

Any section of the display may be modified by the t r ansmiss ion  of 

a single segment  with DC=O and DE= 1. This action overwri tes  the new segment  in to  
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the  display sect ion designated by the  SA bits; the  o ther  display sect ions a r e  

unaffected by th i s  t ransmiss ion .  

t ransponder  reply acknowledges rece ip t  of t he  segment.  

may  be reques ted  by sett ing the  AR bit. 

As  in  the c a s e  of a complete  m e s s a g e ,  t he  

A pilot acknowledgment 

6 .  2.4.4 Scheduling of Multiple-Segment Comm-A Messages  

Normally,  the de l ivery  of a complete  multiple- segment  m e s s a g e  will  

be  accomplished within the s ingle-scan dwell  t ime ,  i. e. , within a few t ens  of 

milli- seconds.  However,  the protocol descr ibed  above p e r m i t s  del ivery t o  

be accomplished over  a success ion  of s cans  i f  s e n s o r  loading o r  channel 

in te r fe rence  prevents  complete  del ivery within one dwell t ime.  

6. 2.5 One-way DME 

The DABS in te r roga t ion  fo rma t s  c a n  a l s o  be used  fo r  one-way DME 

t r a n s m i s s i o n s  f r o m  a n  in te r roga tor  which per iodical ly  t r a n s m i t s  DABS 

in te r roga t ions  with all z e r o s  i n  the  a d d r e s s  field. 

veil lance o r  Comm-A in te r roga t ion  with a n  a d d r e s s  of all ze ros ,  the t r a n s -  

ponder t r a n s f e r s  the contents of the uplink data  block t o  the data link in t e r -  

face ,  but does not reply o r  respond to the cont ro l  f ields of the interrogat ion 

i n  any other  way. 

subfields indicating the  identity and location of the in te r roga tor .  

rogation i s  synchronized,  the t i m e  of t r a n s m i s s i o n  of the in te r roga t ion  is 

indicated in  e i ther  the EPOCH field o r  the MA field. 

When it rece ives  a Sur-  

The spec ia l  data field o r  the MA field o r  both may contain 

If the in t e r -  

A DME device attached 

t o  the data link in te r face  of the t ransponder  can  then compare  th'e t i m e  of 

t r a n s m i s s i o n  with its in t e rna l  synchronized clock ( t ime of rece ip t )  t o  de te rmine  

the dis tance to  the sensor .  

6. 3 Air- to-Ground Comm-B Data  Link Message  T r a n s f e r  

The  Comm-B air- to-ground data link c a r r i e s  two kinds of message  

t raff ic :  ( 1) ground-init iated,  for  readout of on-board instrumentat ion,  and 

( 2 )  pilot-initiated. 
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6.  3. 1 Ground-Initiated Trans fe r  of Comm-B m e s s a g e s  

A ground-initiated t r a n s f e r  begins with a reques t  in  the f o r m  of a 

Surveil lance interrogat ion with a long reply specified ( R L = l ) .  

field is  s e t  to  indicate the device f r o m  which the data readout is wanted. This 

m e s s a g e  t r i g g e r s  a n  immedia te  Comm-B reply with a n  MB field containing the  

MSRC code and the requested data. 

ca se  of ground-Lit ia ted Comm-B transact ions;  fa i lure  t o  receive the data. co r -  

rect ly  on the ground s imply causes  a repeat  of the request .  

reply includes a l l  the survei l lance information of a Surveil lance reply.  F o r  

th i s  r e a s o n  a sepa ra t e  survei l lance t ransac t ion  is not needed on a scan  when 

a ground-initiated Comm-B is planned. 

suitable instrumentat ion providing data useful f o r  survei l lance,  ( e .  g. , readout 

of position der ived f r o m  Microwave Landing Sys tem instrumentat ion)  the two 

functions can  be completely merged  and a l l  survei l lance can  take place by 

means  of Comm-B repl ies .  

The MSRC 

No acknowledgments a r e  involved i n  the 

Note that a Comm-B 

I n  fac t ,  f o r  a i r c r a f t  equipped with 

6. 3 . 2  Pilot-Init iated Trans fe r  of Comm-B Messages  

A pilot-initiated Comm-B m e s s a g e  i s  s t a r t ed  by sett ing up the m e s -  

sage text  on a n  input device and pushing a "Send" button, causing the B bit to 

be se t  to ' I l l 1 .  This B bit  i s  t ransmi t ted  with eve ry  Surveil lance o r  Comm-B 

reply.  Receipt of th i s  B bit causes  the in te r roga tor  to  send a ground-to-air  

t r ansmiss ion  (ei ther  Surveil lance o r  Comm-A) with RL= 1 and MSRC=0000; 

the t ransponder  responds with the waiting Comm-B reply,  with the source  

code corresponding to the device whose "Send" button was pushed and the 

m e s s a g e  text  i n  MB. 

6 .  3 .  2. 1 Ground Technical Acknowledgment of Pilot-Initiated Comm-B Messages  

Because  of the a s y m m e t r y  between senso r  and t ransponder  (with the 

sensor  not routinely replying to  eve ry  air- to-ground t r ansmiss ion ) ,  an  

explicit ground technical acknowledgment is required.  

ground m e s s a g e  is successful ly  received by the senso r ,  the CB bit  is s e t  to 

l r l l l  i n  the next interrogation. 

B bi t  is  c l ea red  and the "Send" button o n  the input device is unlatched. 

t ransac t ion  is then complete. 

When the a i r - to -  

When C B = l  i s  received by the t ransponder ,  the 

The 
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6. 3. 3 Multiple-Segment Comm-B Air-to-Ground Message  T r a n s f e r  

Whi l e  no specif ic  requi rements  have been identified at this time, it 
i s  possible that ce r t a in  a i r - to-ground m e s s a g e s  initiated by non-ELM-equipped 

aircraft will  requi re  m o r e  than 56 bits fo r  t ransmiss ion .  

mult iple-segment  ground-to-air  message  (paragraph  6. 2 . 4 ) ,  such messages 

can  be accommodated by  a success ion  of Comm-B rep l i e s ,  each acknowledged 

by the in te r roga tor  before  t r ansmiss ion  of the next. 

vice  would incorpora te  the necessa ry  bookkeeping functions,  including reini-  

tiating a n  air- to-ground t r a n s f e r  (i. e . ,  reset t ing the B bit  t o  '11'1) following 

the acknowledgment of the  preceding segment  by the  in te r roga tor .  

necessa ry  link cont-rol and/or  segment labeling bi ts  would be contained within 

the control  subfield within the MB field. 

A s  i n  the c a s e  of a 

The message  input de- 

Any 

6.4 Comm-C/Comm-D Extended-Length Message Pro tocol  

Extended-Length Message (ELM) protocol provides for  m o r e  efficient 

t r ansmiss ion  of long data link messages  by permit t ing the  grouping of up to  16 
m e s s a g e  segments  into a single entity which can  be acknowledged by a single 

reply. 

(The  limit of 16 segments  r e f e r s  solely t o  the manner  i n  which the message  

i s  t r a n s f e r r e d  over  the link. 

the use  of a message continuation indicator within the text f ield of the l a s t  

segment of a n  ELM. ) 

Each segment  i s  included i n  a single Comm-C o r  Comm-D t ransmiss ion .  

Longer m e s s a g e s  can  be accommodated through 

6.4. 1 Ground-to-Air Extended-Length Message T r a n s f e r  

Ground-to-Air Extended- Length Messages  a r e  t ransmi t ted  using the 

Comm-C fo rma t  with three different reply type codes (RTC=OO, 01 ,  and 10) 

a s  defined i n  paragraph 4.4.5. 1. 

initializing segment ,  intermediate  segments  and a f inal  segment. 

the minimum length of a ground-to-air  ELM is two segments.  ) 

of all segments  may  t a k e  place without any intervening air- to-ground rep l ies ,  

as  descr ibed  i n  the next four  paragraphs.  

minimized. 

The three reply type codes designate a n  

(Note that 

The t r ans fe r  

In this way, channel loading is  

Message segments  (one pe r  Comm-C interrogation) may be 
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t ransmi t ted  at a r a t e  up to one p e r  50 psec .  

t o  pe rmi t  the resuppress ion  of ATCRBS transponders .  

sage may  take place during a single scan  o r  over  a few scans  depending on the 

length of the m e s s a g e ,  the channel in te r fe rence  level,  and the senso r  loading. 

Normally,  sufficient t i m e  will be available within one scan  t o  p e r m i t  cornplete 

del ivery of the message .  

This  minimum spacing is required 

Delivery of the m.es- 

6.4. 1. 1 Initializing Segment Trans fe r  

The  Extended Length Message  t ransac t ion  for  a n  N-segment m e s s a g e  

( segment  numbers  0 throught N- 1)  is init iated b y a  Comm-C interrogat ion .with 

RTC=OO. 

effect a "dial  up") causes  the ELM interface within the t ransponder  to  init ialize 

i t s  m e s s a g e  s torage  and bookkeeping r e g i s t e r s  i n  prepara t ion  fo r  a new E:LM 

t r ans fe r .  

segment  in  MC, and its segment  number (N- 1) i n  the SNC field. 

segment  f i r s t "  protocol i s  used to  inform the t ransponder  of the length of the 

message .  

e a r l i e r  ground-to-air  ELM t rans fe r ,  the effect is t o  abor t  the e a r l i e r  m e s s a g e  

and replace it with the newer one. 

init ializing segment ,  it wil l  ignore a l l  fur ther  segments  of the same message .  

The  t ransponder  does not reply. Receipt of th i s  interrogat ion ( in  

Also  del ivered i n  the ini t ia l  ca l l  i s  the text  of the final m e s s a g e  

This " las t  

If a n  initializing segment  i s  received before  the completion of a n  

If the ELM p r o c e s s o r  fa i l s  to  receive a n  

6.4. 1. 2 Intermediate  Segment T r a n s f e r s  

Message  del ivery proceeds  with the t r ansmiss ion  of intermediate  seg-  

ments  (any sequence of N - 2  segments  chosen f r o m  segments  N - 2  through 0)  

via Comm-C interrogat ions with RTC=O 1, again t r iggering no rep l ies .  

m e s s a g e  segment  is identified with its segment  number i n  the SNC field. The 

ELM p r o c e s s o r  s t o r e s  each segment  i n  the appropr ia te  s torage  location based  

on this  number.  I n  this way, the message  p rocesso r  r e a s s e m b l e s  the m e s -  

sage,  and i t s  bookkeeping function keeps t r a c k  of which segments  have been 
received. 

once the ELM processo r  h a s  been initialized with segment  N-1. 
m e s s a g e  consis ts  of only two segments ,  t h e r e  will be no intermediate  t r ans fe r s .  

Elach 

Note that intermediate  segments  m a y  be del ivered i n  any o r d e r ,  

If the en t i re  
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6.4. 1. 3 Fina l  Segment T r a n s f e r  

The  in te r roga tor  t r a n s m i t s  the f ina l  segment  of a Comm-C interrogat ion 

with RTC=10. 

This  RTC code e l ic i t s  a Comm-D reply with K = l  and a cumulative t ransponder  

technical  acknowledgment i n  the MD field. The  cumulative t ransponder  tech- 

nical  acknowledgment (TTA)  cons is t s  of a bi t  s t r i ng  (maximum length 16 b i t s )  

which indicates which segments  of the ELM have been  received. 

bi t  r ep resen t s  the state of the first (N=O) segment ,  e t c . ,  with the states defined 

as: 1 = segment  received,  and 0 = segment  not received. Thus at a l l  times 

th is  f ie ld  r ep resen t s  the cu r ren t  s ta tus  of segment  del ivery f r o m  the time of 

ELM initiation. 

interrogat ion containing the f ina l  segment,  t h i s  interrogat ion is  repeated 

unt i l  a reply is  successful ly  received. 

by the t ransponder ,  the in te r roga tor  knows tha t  its last t r a n s f e r  was indeed 

f i n a l  and c loses  out the t ransac t ion  by the t r ansmiss ion  of a Comm-C in t e r -  

rogation with RTC=11, SNC=0001, and bit  9= 1, thereby  reset t ing the TTA field 

i n  the t ransponder .  

reply (with a r b i t r a r y  message  content) which s e r v e s  a s  a technical acknowl- 

edgment t o  the in te r roga tor .  

Its segment  number is  i n  SNC and the text i n  MC a s  before.  

The first 

If t he  in te r roga tor  does not rece ive  a reply to  the Comm-C 

When al l  segments  have been received,  

This  Comm-C interrogat ion e l ic i t s  a single Comm-D 

The ELM processo r  i n  the t ransponder  t r a n s f e r s  

the message  to  the appropr ia te  output device as  soon a s  it s enses  the presence  

of a l l  segments .  

6 . 4 .  1. 4 If one o r  m o r e  segments  of the ELM w e r e  not received by the t r ans -  

ponder,  th i s  fac t  is  indicated by zeros  i n  the corresponding bit  positions in  the 

TTA. The in te r roga tor  retransmits the miss ing  segments  with RTC=Ol, except 

f o r  the f i n a l  one which has  RTC=10 t o  reques t  a n  updated TTA. 

continues until the ground rece ives  a cumulative TTA indicating that al l  seg- 

ments  have been delivered. 

descr ibed  above. 

This  p rocess  

At tha t  point, the t ransact ion is  c losed out as  

6 .4 .2  Air-to-Ground Extended Length Message T r a n s f e r  

The t r a n s f e r  of a n  a i r - to-ground E L M  is s i m i l a r  t o  the ground-to-air 

p rocess .  

that  ( 1 )  al l  channel activity is ground initiated and ( 2 )  the t ransponder  can  

Differences between the two protocols r e su l t  p r i m a r  ly f rom the fac ; S  
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reply with a longer communicat ions fo rma t  only when given specific pe rmis s ion  

by the ground. 

6.4. 2. 1 Initialization 

An N-segment a i r - to-ground E L M  t r a n s f e r  is init iated by a non- 

synchronized Surveil lance o r  Comm-B reply containing the D bit set  to 1, and 

DCOUNT se t  to  N-1. 

thi  s i nf o r ma t io  n. 

The in te r roga tor  is fully init ialized a s  soon a s  it receives  6 

6.4.  2. 2 

segments  using a single Comm-C t r ansmiss ion  with R T C = l l .  

the SNC field contains a l l  z e r o s  and the f i r s t  16 bi ts  of MC f o r m  a special  

16-bit Segment Request(SR) field,  i n  which the success ive  bit  positions c o r -  

respond t o  segment  numbers  0 through 15. 

s e r i e s  of Comm-D repl ies  containing those m e s s a g e  segments  for  which the 

corresponding SR bit  is se t  to one. (The t ransponder  is thus not t3ld which 

segments  have been successfully received,  but those which a r e  t:, be t r a n s -  

mitted.  ) 

with a nominal spacing of 136 p s e c  between p reambles  (16 1-1 sec  between the 

end of a reply and the succeeding preamble) .  

t o  the Comm-C interrogat ion has  been received,  another Comm-C in te r -  

rogation with a n  updated SR field i s  t ransmi t ted  to  reques t  segments  not yet 

received (e i ther  because  they w e r e  not requested i n  the f i r s t  response ,  o r  

because  they w e r e  received in  e r r o r ) .  The t ransponder  rep l ies  again with 

the requested segments .  

been  received. 

scan  o r  over  s eve ra l  scans.  

The in te r roga tor  requests  the air - to-ground t ranmiss ion  of ELM 

In this fo rma t ,  

The designated response i s  a 

The success ive  Comm-D repl ies  of the response  a r e  t ransmi t ted  

After the complete  response 

The cycle i s  repeated until a l l  segments  have 

As  with uplink E L M ' S ,  this p rocess  may  take place within a 

6 .4 .  2. 3 

t o  the in te r roga tor ,  each segment  is t ransmi t ted  a s  a full  Comm-D reply with a 

p reamble  in  o rde r  to  resynchronize the reply decoder  i n  ca se  the preceding 

segment  i s  lost. 

Although the p rec i se  spacing of segments  i n  the response  i s  known 
c 
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6.4. 2.4 

t r a n s f e r r e d  t o  the designated recipient.  The t ransac t ion  is  te rmina ted  by a 

Comm-C interrogat ion with R T C = l l ,  SNC=0010, and  bit 9=1. This i n t e r r o -  

gation resets the D-bit and DCOUNT field. It a l s o  e l ic i t s  a single Comm-D 

reply  (with a r b i t r a r y  contents i n  the MD field)  which s e r v e s  as a technical 

acknowledgment t o  the in te r roga tor .  

When all segments  have been  received, the complete message  is 

6.4. 3 Message  P r i o r i t i e s  

The  ground p rocesso r  which has  control  of message  t ra f f ic  s e rv i ces  

ground-to-air  m e s s a g e s  i n  the o r d e r  received except when a user-supplied 

p r io r i ty  tag indicates otherwise.  

message  c l a s s e s  pe rmi t s ,  f o r  example,  a n  urgent I P C  command t o  move ahead 

of other  waiting messages .  F o r  air-to-ground m e s s a g e s ,  the possible pr ior i ty  

classes a r e  more limited,  since t h e r e  i s  l e s s  advance knowledge of the mes -  

sage pa rame te r s .  However, ELM t r a n s f e r s  a r e  general ly  regarded as having 

lower pr ior i ty  than Comm-A o r  Comm-B messages .  Delivery of a ground-to- 

air  ELM can  be  in te r rupted  at any t ime t o  pe rmi t  the del ivery of a n  I P C  o r  

other  urgent Comm-A message ,  and then resumed.  Similar ly ,  a Comm-B 

message  can  in te r rupt  a n  air-to-ground ELM. 

t o  segment  numbering) is  not required for  th i s  protocol; i f  des i red  by the u s e r ,  

message  ID 'S  may be coded within the message  text.  

The existence of a small number of pr ior i ty  

Message numbering (as  opposed 
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7. DISCRETE ADDRESS CODE ASSIGNMENT 

7 . 1  Genera l  

7. 1. 1 The 24 a d d r e s s  bi ts  provide for  m o r e  than 16 mill ion different a d d r e s s  

codes,  allowing ass ignment  of a unique a d d r e s s  code t o  eve ry  a i r c ra f t .  

a d d r e s s  code will then provide positive identification of each a i r c r a f t  under  

ATC survei l lance.  

The 

7. 1. 2 A d d r e s s  codes could be assigned a rb i t a r i l y ,  with no relationship to  

other  means  of identifying a n  a i r c ra f t .  However,  it appea r s  operationally 

convenient t o  a s s i g n  a d d r e s s  codes i n  a manner  direct ly  re la ted t o  the  no rma l  

ATC voice ca l l  sign of the a i r c ra f t .  This  convention will el iminate the need f o r  

including the beacon code a s  a separa te  i t em i n  a flight plan, and wi l l  pe rmi t  a n  

Ai r  Traf f ic  Control ler  to  c o r r e l a t e  a n  observed  t a rge t  with a n  air /ground voice 

contact without requiring a pres tored  conversion table.  

7 .  1. 3 

which a r e  uniquely and permanent ly  associated with a par t icular  a i r c ra f t ;  and 

ca l l  s igns which a r e  assoc ia ted  with a par t icular  flight operation. 

Two categories  of voice ca l l  signs a r e  i n  common use: ca l l  signs 

7. 1. 3 .  1 Flight operations other  than a i r  c a r r i e r  and some  mi l i ta ry  use  the 

a i r c r a f t  reg is t ra t ion  "number" (e .  g. , N3215A, G-BZAC) a s  the voice ca l l  

sign. 

7. 1. 3 .  2 Domest ic  Ai r  C a r r i e r  operations use  the flight number ( e . g . ,  TW531, 

BA762) a s  the voice ca l l  sign. 

7. 1. 3 .  3 Mili tary operations use  ei ther  a ca l l  sign related to  the a i r c r a f t  reg-  

i s t ra t ion  number (e. g . ,  A i r  F o r c e  340), o r  a cal l  sign assigned to  a par t icu lar  

flight operation ( e .  g . ,  Bravo  1). 

f 

E 

46 



7. 1. 3 .4  International c o m m e r c i a l  flights employ a 7-charac te r  " t r ip  number" 

conforming t o  the international a i r c r a f t  identification p rocedure  specified i n  

ICAO Document No. 4444-RAC/50 1/ 10. 

r 

Bit Number 

1 2  3 4 5 6  7 8  9 10 11 12 13 14 15 16 17 18 19 20 21 22  23 24 

0 0 0 0 [ three-digi t  number  ] [ t h ree  -digit number 1 

7. 2 Recommended Code Assignment  P r o c e d u r e  

0 0 0 1 1 0 0 1 0 

' 0 0 1 1 

7 .  2. 1 
The a i r c r a f t ' s  var iable  ca l l  sign, i f  different f r o m  the fixed code, is  t r a n s -  

mitted i n  a Comm-B reply. 

The 24-bit t ransponder  d iscre te  a d d r e s s  is used for  fixed codes only. 

[ three-digi t  number  ] [l-digit  number] [ one l e t t e r  ] 
[ three-digi t  number  ] [ one l e t t e r  ] [ one l e t t e r  ] 
[oneletter] [ one l e t t e r  3 [ one l e t t e r  ] [ one le t te r  3 

7. 2. 2 Fixed Codes 

A specific procedure  is  defined in  Table 7. 2-1 f o r  coding the 24-bit 

a d d r e s s  t o  co r re spond  to  the four common reg is t ra t ion  fo rma t s  ( s ix  digits,  f o u r  

digits plus one le t te r ,  t h r e e  digits plus two l e t t e r s ,  and four l e t t e r s ) .  In  each 

case ,  the leading l e t t e r ( s ) ,  designating country of or igin,  a r e  omitted. 

7. 2. 2.1 

a r e  coded i n  natural  binary,  each le t te r  i s  represented  by the 5-bit  binary 

equivalent of its numer ica l  o rde r  in  the alphabet (e .  g. , 0000 l=A). Bits !-4 
compr i se  a control  code which defines the fo rma t  of the r ema inde r  of the 

addr  e s s . 

4 d d r e s s  codes employ the following conventions: A l l  dec imal  numbers  

Table 7.  2-1. Address  code fo rma t s .  

P 

= Unassigned 

i o 1  0 0  

' to  

1 1 1  1 1  
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7. 2. 3 Variable Codes 

The var iable  code ass igned  to  the a i r c r a f t  flight is included in  the 

56-bit Comm-B extended-capability repor t  which is  t ransmi t ted  i n  response  

t o  a n  interrogat ion with RL=1,  MSRC=0001. The var iable  code may  then be 

co r re l a t ed  with the t ransponder ' s  a d d r e s s  by the ground facil i ty when it first 

es tab l i shes  contact with the a i r c ra f t .  

sufficient capacity for  encoding full  7-character  internat ional  a i r c r a f t  identi- 

f ication numbers  i n  addition t o  the extended-capability code. 

able  code a s s ignmen t s  a r e  not designated a t  th i s  t ime.  

The Comm-B m e s s a g e  field provid.es 

Specific va r i -  , 
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