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Preface

The Discrete Address Beacon System is being developed in several phases.
Phase 1, Concept Validation and System Definition , was begun in 1972, when
Lincoln Laboratory was selected as the DABS System Engineering Contractor .
Lincoln Laboratory conducted a broad range of technical and economic studies
designed to select the system parameters. An experimental DABS test facility
was also established for critical experiments and feasibility tests.

Phase II , System Evaluation and Design Refinements , is currently in
progress and consists of four parallel but interrelated efforts :

(a) Fabrication of engineering models of DABS sensors with corresponding
avionics. The sensors will first be tested individually, and then
as a mu’Ltisensor DABS network .

(b) System engineering , design refinements , investigation of equipment
variations and planning of a nationwide DABS deployment.

(c) Evaluation of functions that rely uniquely on DABS to verify the
suitability of DABS to support thei~i.

(d) Issuance of a production specification for DABS sensors, as well
as a National Standard for DABS .

The material presented in this report was generated in the process of
preparing that DABS National Standard and parallels it closely. However ,
additional material is contained herein which was not appropriate for inclu-
sion in the National Standard , but which is of sufficient potential interest
to warrant separate publication . This additional material includes detailed
performance specifications for transponder receiver sensitivity and transponder
performance in interference . Also included are specifications for a proposed
data link interface and recommended definitions for certain experimental
message and control fields which do not directly affect the operation of the
transponder , but which are associated with experimental transponder data link
applications. Culdance material is also included on the performance of an
optional transponder antenna diversity scheme.

V Although this document may serve as an interim reference standard to be
V used for procurement of experimental DABS equipment , it is not proposed or

approved for official use by the FAA or any other agency, either domestic or
international. Its principal function is to provide , in a single document
a comp lete technical description of the DABS link and the airborne components
of the DABS system.
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PROPOSED DISCRETE ADDRESS SYSTEM

TECHNICAL CHARACTERISTICS

1. GENERAL SYSTEM CHARACTERISTICS

1.1 Back ground.

1.1.1 The Func t ion  of DABS. The Discrete Address Beacon System (DABS) is

~in improved secondary radar system with an integral ground—air—ground data
l ink . DABS differs from ATCRBS in the manner of selecting which aircraft
will respond to an interrogation . In ATCRBS, the selection is spatial;
in DABS , each aircraft is assigned a unique address code. Thus, an interrogator
is able to limit its interrogations to those targets for which it has surveillance

V responsibility, and to time the interrogations to ensure that the responses
from aircraft do not overlap . In addition , the discrete address provides
the basis fi r a ground—air—ground dig ital link . The main requirements of DA; ,
are t o :

a. Support automated air traffic control (ATC) with improved surveillance and
communication reliability in the projected 1995 traffic environment.

h. Permit evolutionary implementation at low user cost.

!.L2 ATCRBS Compatibility . To facilitate the transition from ATCRBS to
I)ABS o’i~cr an extended period , DABS installations , bo th ground and airborne ,
include full ATCRBS capability. DABS interrogators provide surveillance of
ATCRVBS—equipped aircraf t, and DABS transponders are capable of rep ly ing to
\TCRBS interrogators. To accomplish this dual mode operation (ATCRBS and
oABS) with minimum equipment complexity , DABS operates on the same interroga tion
and rep ly frequencies as ATCRBS .

1.1.3 Relationship Between DABS tend ATCRBS Specifications.
ATCRBS—only transponders are not affected by this DABS specification and the
ATCRBS mode of DABS transponders adheres to the ATCRBS National Aviation Stan-
dard .

V 
1.2 Scope of th is  Document .

1.2.1 Elements Covered. The system characteristics and performance speci-
fied herein are restricted to those system elements which must be treated in a
uniform manner by all users if the surveillance requirements of the Discrete
Address Beacon System are to be satisfactorily met. Additional specifications
will be required for I/O devices which employ the DABS data link. Specifications
and guidance material are included for the transponder data link interface.
The elemen ts covered include:

a. Link characteristics and signal formats.

b . DABS transponders and basic data link interface .

c. Airborne antennas.

1
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Guidance material Is provided for the following optional transponder con—
~~ Vi V 

f i g u r a t i o n s :

a. A general purpose data link interface with or without ATCRBS capability.
(Standard Message Interface , paragraph 2.10).

b. Extended Length Message capability.

c. Dual ( d i v e r s i t y)  antenna capabi l i ty .

1.2.2 Elements not Covered. The following elements are not covered by this
doc ument :

a.  Sensor displays , input/output devices , and ATC interfaces .

b.  Sensor antennas.

c.  M u l tis it e  sensor network  character is t ics .

1.3 System Performance.

1.3.1 Coverage. The DABS sensor will perform surveillance of all beacon—
equipped a i r c r a f t  wi th in  its volume of coverage . The system is designed to
operate  re l iably  out to 200 nmi , but  is site adaptable to other ranges.
ATCRBS—equ ipped a i r c r a f t  wi l l  be Interrogated at the minimum rate that produces

V an adequate number of in terrogat ions  in a 3—dB beamwidth.  DABS—equipped air-
craft will be acquired by means of an All—Call interrogation , or by means of
ground—to—ground handover. After acquisition , DABS—equipped aircraft will
be interrogated with their unique address call. For both ATCRBS and DABS,
azimuth will be determined by a inonopulse technique .

1.3.2__Data Link . The DABS sensor will provide a two—way digital data link
for all DABS—equipped aircraft. Messages originating on the ground will be
sent to suitably equipped aircraft and appropriate acknowledgment received
will be relayed to the sender. The DABS sensor will also manage the data
link so that when an aircraft wishes to initiate an air—to—ground message ,
that message will be read out with minimum delay .

1.3.3__Accuracy .

1.3.3.1 Range Acc~~~~y. Range accuracy is a funct ion of both the trans— V

ponder and the sensor. The nominal overall range errors for DABS targets
w i l l  not exceed + 150 f t  bias and 50 ft tins jitter.

1.3 .3 .2 Azimuth Accurac~y. The sensor and monopulse antenna will be capable
of determining azimuth from a single DABS reply . The m s  error will not
exceed 0.1 degrees , under the specified peak loading conditions for the sensor
site.

2
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V 1.3.4 Link Reliability . High link reliability both for surveillance and for
two—way data link will be achieved by means of several design features. Each
sensor will be capable of reinterrogating within a beam dwell time, such that
in case of failure to reach an aircraft on the first call, additional calls
can be made before the antenna beam passes by the aircraft. Link reliability
will be enhanced by the DABS signal formats which provide increased immunity
to interference. The discrete addressing capability of the DABS system
eliminates the problem of synchronous interference and an optional dual (diver-
sity) antenna capability in the DABS transponders reduces the incidence of
l ink failures due to fades.

3

_ _ _ _ _ _ _ _ _- 
V~ 

-



V 2 .  PERFOR MANCE REQUIREMENTS

2.1 Link Technical Characteristics.

2.1.1 Interrogation Signal Characteristics.

2.1.1.1 Classes of DABS Interrogations from DABS Sensors. Two classes of
DABS—type interrogations are transmitted by a DABS sensor :

a.  ATCRBS/DABS All—Call interrogations .

b. DABS interrogations.

Note: ATCRBS/DABS All—Call interrogations are used for surveillance of
ATCRBS—equipped aircraft and for acquisition of DABS—equipped aircraft.
DABS interrogations are used for surveillance and for data link coimnuni—
cations with DABS—equipped aircraft on a sensor ’s surveillance roll—
call; in add ition , the DABS—Only All—Call may be used , if needed , for
the initial acquisition of DABS aircraft without triggering replies
from ATCRBS—equipped aircraft.

2. 1.1 .2  Interrogation Carrier Frequency. The carrier frequency of the
main beam interrogation transmission shall be 1030 ± 0.01 MHz. The carrier
frequency of SLS control pulses shall be as specified in FAA Selection
Order lOlO.51A , U.S. National Aviation Standard for the Mark X (SIF) Air
Traffic Control Radar Beacon (ATCRBS) Characteristics.

2.1.1.3 ATCRBS/DABS All—Call Intetrrogations.

2.1.1.3.1 Structure: An ATCRBS/DABS All—Call interrogation consists of
three pulses: P1, P3 

and P,~, as illustrated in Fig. 2.1.1—1. One or two
control pulses, P or P an~ P , may be transmitted using a separate antenna
pattern to suppress res~onses from aircraft in the sidelobes of the interro-
gator antenna.

Note: The ATCRBS/DABS All—Call interrogations are similar to the
corresponding ATCRB S interrogations as defined in FAA Order lOlO.51A ,
but with an additional pulse P following P

3
. ATCRBS transponders are

unaffected by the presence of ~he P4 
pulse, and respond with normal

ATCRBS replies. DABS transponders recognize the interrogation as a
DABS All—Call interrogation and respond with DABS All—Call re~-lies.

2.1.1.3.2 Pulse Definitions. Pulse width, spacing, rise and fall times,
and tolerances thereon for pulses P1, P2 

and P
3 
shall be as defined in

FAA Selection Order lOlO.51A .

2.1.1.3.3 Pulse Intervals. The interval between P3 
and P4 shall be 1.5

± 0.1 ieee . 
V

2.1.1.3.4 Pulse Duration. The duration of pulse P4 shall be 0.8 ± 0.1 .isec.

4
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Fig. 2.1.1—1. ATCRBS/DABS All—Call Interrogations .

Note: DABS interrogators with omnidirectional antennas may interrogate
ATCRBS targets with a modified Mode C ATCRBS/DABS All—Call interrogation
in which the duration of P is 1.6 ± 0.1 Msec. It is intended that this
spec ial interrogation elicft replies only from ATCRBS transponders
and that DABS transponders reject this interrogation by discriminating
against long P

4 
pulses.

2.1.1.3.5 Pulse Shape. The rise time and decay time of pulse P4 shall
be as defined in FAA Selection Order lOlO.5lA for pulses P1, P2 

and P
3
.

2.1.1.3.6 Pulse Level, P
4. 

The radiated amplitude of P4 
shall be

within 1 dB of the radiated amplitude of P1.

2.1.1.3.7 Pulse Level, P2, P
3. 

The radiated amplitudes of P2 
and P

3
compared to P1 

shall be as defined in FAA Selection Order lOlO.5lA.

• 2.1.1.4 DABS interrogations. A DABS interrogation consists of a preamble
followed by a data block containing 56 or 112 data bits. The signal format
is illustrated in Fig. 2.1.1—2.

2.1.1.4.1 Preamble. The preamble consists of a pair of pulses P1 
and

nominally spaced 2 psec apart, which are both radiated in the mainbeain to
intentionally suppress ATCRBS transponders which receive the interrogation.
Pulse spacing , widths , and rise and decay times shall be as defined in
Fkk Selection Order lOlO.5lA for pulses P1 

and P of an ATCRBS interrogation .
(Spacing: 2 ± 0.15 usec; Width : 0.8 ± 0.1 isec; hse: 0.05 to 0.1 ~isec;
Fall: 0.05 to 0.2 Dsec.)

5
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PHASE REV ERSAL POSITIONS

O.4~~~~-~~ ~.-

QPTI~~P~AL
SL S CONTROL p
T RANS MISSION S

Fig . 2.1.1—2. DABS Interrogation

2.1.1.4.2 Data Block. The data block consists of a single RF pulse of
15 or 29 ~sec duration beginning nominally 1.5 usec after the leading edge
of P2

. Data modulation is accomplished by phase reversals of the RF signal.

2.1.1.4.3 Data Block Shape. The rise and decay times of the RF carrierV pulse for the data block shall be as defined in FAA Selection Order l01O.51A
for pulses P1, P2, and P3 

of an ATCRBS interrogation.

2.1.1.4.4 Pulse Level. The radiated amplitude of P and the initial l—usec
segment of the data block shall be within +0.25 dB of ~he radiated amplitude
of P1. The envelope droop of the data block over either a long (29—i~isec) or
shore (l5— ~iaec) DABS transmission shall not exceed 1 dB.

2.1.1.4.5 Sync Phase Reversal. The first phase reversal in the data
block is the sync phase reversal and shall occur 2± 0,1 iisec after the
leading edge of P2. The leading edge of the data block shall occur 0.5 ± 0.1
usec before the sync phase reversal.

V 2.1.1.4.6 Bit Content. Each data block includes 56 or 112 data bits
transmitted at a 4—Mb/sec rate.

2.1.1.4.7 Modulation ~ ype. Differential Phase Shift Keyed (DPSK) modula-
tion is used, with a 180 phase change of the carrier at each data bit phase
reversal position representing a binary one , and no phase reversal representing
a binary zero.

6
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2 . 1 . 1 . 4 . 8  Phase Reversal Spacitig . Each carrier phase reversal shall
occur at a time N x 0.25 ± 0.02 psec (N > 2) after the sync phase reversal.
Thus, the first time a data bit phase reversal can occur is 0.5 ± 0.02
usec af ter the sync phase reversal.

2 . 1 . 1 . 4 . 9  Phase Reversal Timing. The time required for a phase r eve rsal
of the transmitted signal shall not be greater than 0.08 isec.

2.1.1.4.10 Tolerance. The tolerance on the 0 or it phase relationship
between succe ssive chips in the DPSK signal (including the sync phase
reversal) shall be ± 5 degrees.

V 

2 .1.1 .5 DABS Transmit Sidelobe Suppression (SLS). A control pulse P
5shall be t ransmit ted to pe rmit the DABS transponder to determine whether the

interrogat ion has been received from the main beam or a sidelobe of an inter-
rogator.

2 .1 . 1 .5 .1  Pulse Shape. The control pulse P shall be 0.8 ± 0.1 isec long.
The leading edge of pulse P c shall be transmit~ed 0.4 ± 0.05 usec before the
syn c phase reversal. The rise t ime and fall  time of pulse P shall be as
def ined in FAA Selection Order 1010.51A for pulses P 1, P2 aJ P3 of anATCRBS interrogat ion.  V

2.1.1.5.2 Pulse Level. The control pulse P
5 
shall be radiated with the

same anten na pat tern and amplitude used for  the P2 control pulse of an ATCRBS/
DABS All—Call inte rrogation .

Note: For an a i rc ra f t  not in the main beam of the interrogator , the
received P c pulse amplitude will exceed that of the data block. The
transponder then will not detect the sync phase reversal , and thus will
not attempt to decode the remainder of the data block.

2.1 .1 .5 .3  Pulse Carrier Frequency. The carrier frequencies of P c and the
DABS data block shall not differ from each other by more than 0.1 M h z .

2 . 1. 2  Reply Signal Characteristics.

2.1.2.1 Classes of Replies from DABS Transponders. Two classes of replies
a re generated by a DABS transponder :

a. ATCRB S rep lies (Mode A and Mode C).

b. DABS replies.

ATCRB S replies are generated in response to normal ATCRBS interrogations.
DABS replies are generated in response to ATCRBS/DABS All—Call interrogations
or DABS interrogations. DABS replies are also generated when no interroga-
tions are received while the transponder is in the squitter mode.

2.1.2.2 Reply Carrier Frequency. The carrier frequency of the reply
t ransmission shall be 1090 + 3 MHz.

7
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2.1.2.3 ATCRBS Reply. In response to an ATCRBS Mode A or Mode C interroga-
tion , a DABS transponder shall generate the appropriate Mode A or Mode C
ATCRBS reply, as defined in FAA Order 1O1O .51A . Reply pulse length , interval ,
and tolerances thereon are as defined in FAA Order 1O1O.51A.

2 . 1.2 .4  DABS R~piL. A DABS rep ly consists of a preamble followed by a data
block containing 56 or 112 data bits. The signa l forma t is shown in Fi g. 2 . 1 . 2 — 1 .

~~1.2.4.1_Preamble . The preamble consists of a series of four 0.5 usec
pulses. The intervals between the leading edge of the first preamble pulse
and the leading edges of the second, third , and fourth preamble pulse shall
be 1.0, 3.5 and 4.5 usec , respectively.

2.1.2.4.2 Data Block. The data block begins 8.0 isec following the leading
edge of the first preamble pulse . Data bits are transmitted at a 1.0 Mb/sec
rat e using pulse position modu lat ion (PPM) as follows : in the 1.0— isec
interval corresponding to each data bit , a 0.5 usec pulse is transmitted in
the f i r s t  half of the interval if the data bit is a 1, and in the second half
of the interval if the data bit is a 0.

2 . 1.2 .4 .3 Pulse Shape. All reply pulses shall have a pulse duration of
0.5 ± 0.05 usec , except that  when a 1 follows a 0 in the data block , th e two
0.5—psec pulses are contiguous , resulting in a single pulse of duration 1.0 ±
0.05 usec . Pulse rise time shall be between 0.05 and 0.1 isec , and pulse
fall time shall be between 0.05 and 0.2 isec . The pulse amplitude variation
of one pu lse w i t h  respect to any ot her pu lse In a reply t ra in shall not
exceed 1 dB.

I— PR(AMB L~ ____________ ______ _______ 
DATA BLOCK ____________________

I 
~~ I I2i.i~

BIT I BI T ~ BIT 3 I 8’’ 4 N - I  BI T N

....fLrl EL.[1 [
~ITT1 rI~rT1~J~JJT 1T 11

0.0 0.5 1.0 3.5 4.5 5.0 9.0
TIhIE (~.IIc) I I 

________

V _PJI TLJU L
I~~~~I~~~~I I f ~~~~I O I O I I I

CXAMPL ( REPLY DATA Bl OCK WAV EFORM CORRESPONDING TO SIT
OliE NC E OOrn. O0I SE QUENCE 0010 V 00’ J I I - , - lSIU-~1

Fig. 2.1.2—1. DABS Reply Format .
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Note: The intent of the lover limit of rise and decay times (0.05 isec)
is to reduce the sideband radiation . Equipment will meet this require-
ment if the sideband radiation is no greater than that which theoreti-
cally would be produced by a trapezoidal wave having the stated rise
and decay t imes.

2 . 1 . 2 . 4 . 4  Pulse Interval Tolerances. The pulse interval tolerance for the
leading edge ~f each pulse , with respect to the leading edge of the first
preamble pulse of the reply, shall be ± 0.05 ‘sec .

2.1.2.5 Reply Delay and Jitter for DABS Interrogations. The leading edge
of the first preamble pulse of the reply to a DABS interrogation shall occur
at a time 128.0 ± 0.25 usec following the sync phase reversal of the interro-
gation data block. The jitter of the reply delay shall not exceed 0.05 psec ,
rms.

2.1.2.6 Reply Delay and Jitter for ATCRBS/DABS All—Call Interrogations.
The leading edge of the first preamble pulse of the reply to an ATCRBS/DABS
All—Call interrogation shall occur at a time 128.0 ± 0.25 usec following the
leading edge of the P,~ pulse of the interrogation. The jitter of the reply
delay shall not exceed 0.06 isec , rms.

Note: A jitter of 0.06 usec , rms is consistent with the reply jitter
of ± 0.1 isec for ATCRBS replies specified in FAA Selection Order
1010. 51A .

2 . 1 . 3  DABS Message Formats.

2.1.3.1 Interrogation and Reply Types. There are five DABS interrogation
types , and five DABS reply types , as follows:

a. Interrogation Types :

DABS—Only All—Ca ll
Surveillance (Unsynchronized or Synchronized)
Comm-A
Comm—S (Synchronized)
Comm— C

b. Reply Types :

Al l—Call (Standard or Squit ter)
Surveillance (Unsynchronized , Synchronized or Special)
Comm—B
Comrn—T (Synchronized)
Coumi-D

In addition to the above interrogation types , a DABS Broadcast transmisaion
is defined as a Surveillance or Comm—A interrogation with an All—zero address.
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2 . 1. 1. 2 l n t e r r L I ~~~it  ~Ofl

2 . 1 . 3~~2 . 1  D A B S — U n i v  A l — i l l .  IC DABS—Onl y A l l — C a l l  is a s ho r t  up l i n k
i n t er r n~ tt  ion  w h i c h  in c  I t ides a da ta  t t o l d  c o n t a i n i n g  a 2—b i t  h eader and a
s er i e s  of 30 u n de f i ne d  (spare) b i t s  f o l low e d  by a 24—bi t  p a r i t y  f i e l d  over-
l a i d  00 t l t t .  ;i cq t i i s~~t 1 o n V t d d i ~ 5 5 .  UIL t i r st  tWI) ~p I r i  h i t s  (3 , 4 )  sh a l l
be t r a n s m i t t e d  as z er o s  i f  there is  no message  I I  be de l ivered  b y the trans-
miss ion  and t h e  r e ma i nI n g  28 spares ( b i t s  5 — 3 2 )  shall  be t r a n s m i t t e d  as on es
if there is no message .

Note: The DABS—Only A l l—Cal l  i n t e r roga t ion  ( l e n g t h , 56 b i t s )  is used
for the acquisition of DABS—equipped airc raft. It is used in p lace of
the ATCRBS/DAB S All—Call interrogation when the interrogator does not
desire to elicit replies from ATCRBS—equipped aircraft. When the first
two bits (F and L) of the DABS data block are 1 and 0 respectively, the
ii terrogation is uniquely defined as a DABS—Only All—Call. Bits 5—32
are transmitted as ones (when there is no message) to distinguish it from
an unmodulated transmission.

2.1.3.2.1.1 General Acquisition Address. The general acquisition address
consists of twenty—four zeros, such that the overlaid parity field is repre-
sented by its true parity value.

2.1.3.2.1.2 Specific Acquisition Address. The specific acquisition
address consists of twenty zeros and one of 15 combinatIons of the last trans-
mitted four bits of the address field (excluding the combination 0000).

Note: On subtracting the parity from the address field , the trans-
ponder will find either the general acquisition address (0000 0000
0000 0000 0000 0000) or the specific acquisition address (0000 0000
0000 0000 0000 xxxx). The specific acquisition address can be semi—
permanently set via the the acquisition address interface (2.2.8.1.1)
and is u8ed for incremental acquisition of a large number of aircraft
by a DABS sensor.

2.1.3.2.2 Surveillance. The Surveillance interrogation (length, 56 bits)
is the normal DABS interrogation. It is used for surveillance when no data
link message is to be transmitted .

2.1.3.2.3 Comm—A. The Comm—A interrogation (length, 112 bits) is used for
the transmission of a 56-bit ground—to—air data link message. Longer messages
may be accommodated by successive interrogation—rep ly cycles. The Comm—A
interrogat ion includes the bit structure of the Surveillance interrogation ,
and thus may be used in its place for surveillance.

2.1.3.2.4 Comm—C. The Comm—C interrogation (length, 112 bits) is used for
the more efficient transmission of long ground—to—air data link messages.
Each Comm—C interrogation includes an 80—bit message field , and up to 16
Comm—C interrogations may be transmitted in a single burst and acknowledged
with a single transponder reply. A Comm—C interrogation cannot be used for
a surveillance update because it does not contain altitude information.

10
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2 .1 . 1 . 2 . 5  ~: z I . r a i z e i I S zi rv & i llanzc . he S y nc h r o n iz e d  S u r v e i l l a n c e  i n t e r r o —
g at i o n  i s  t i m I d t S a l l n ~ p a s s i v e  a i r — t o — u r r a n g i n g  b e t w e e n  DA B S — e qu i p p e d  a i r —
I r l! . S V I I V I I I - O T I I , Vn . d i l l t , r r . l g I t  ions  I n c l u d e  an EP f i e l d  to  i n d i c a te  t h e  r e l at  ive

i m t -  I t r a n sm  i s s  l I l t ) . V j V )  
~ r a n s p o ndt r r I - I l l  es to a S y n c h r o n i z e d  Surve i i  lance

i n t I - r r c g V l t  E on w i t h  a Sv i i t -h r on i z e d  q z r v € - i I I - m t r e p l y  ( 2 . 1 . 3 . 3 . 6 ) .

2 . 1 . 1 . 2 . 6  C o m m — S .  F l i t -  . 111511—S i : z t er r o g a t i l ) n  ( l e n g t h , 112 b i t s )  i s  151 !
t I )  t r I n s m ~~t a s 1 . t . i a l  L’IV d  SV f l , i I r O f l i Z t .1 I n t - s c a g I -  t o  I l i e  i i  r . - r a f t  . 1 1 1€ f i r s t  32
h i t  -1 1) 1 t h e  Comm — S haVe I he s t ru  V z r .  - o I t l i e  S V f l I :  h r on  I z a d  Sur ve  ii  l ; i n c t  i n t e r r o —
g i t  ion while the message  j e l l ( 5 ! )  in b i t s  33 t h r o u g h 88 con t a ir i s a d d i t i o n a l
d a t a ,  I ll. transponder r Iji i~~ s t o  a Comm—S i n t . - r r t . g I t  ion w i t h  a Comm— T r e p ly
( 2 . 1 . L3.7).

2~ 1 . 3 . 2 . 7  I)AB S } 3 r o I l c I~~ t F r a n s m i s s  i o n .  Ih e  I)ABS i n t e r r o g a t  ion f o r m a t s  can
SI) be used iii a flO fl Si lee t I vi- mo(le to  1) r . i ad c ast  da t a  t .‘ a l l  DABS — eq I1~ p p ed

a i r c r a l t  w i t h  in range . tt pou d~~cod ing i Surve i i  l a n c e  or C omm—A m t  . r r ogat  ion
w i t h  an a d d r ess  of i i  I zeros , t h e  t r an s p o n d e r  t r a n s t e rs  t i l i  contents of t h e
up l  ink dat i 1. l o c k  to  t h e  a p p r o p r i a t e  d i sp lay or message i n t e r f a c e , b u t  d o s
n e i t he r  rep ly  to t h i s  i n ter r o g a t i o n  nor respond to t h e  c o n t r o l  f i e l d s  t h e re i n .

Note: a) Because the discrete address of the interrogation is not
available to transponder I/O devices , the Surveillance Data (SD)
field or the MA field respectively must contain unique subfields
(undef ined) indicating to I/O devices interfaced to the transponder
t h a t  the in te r roga t ion  is a broadcast transmission.

b) An address of all zeros is not a valid discrete address for  a
DABS transponder since it is reserved for All—Call and DABS Broadcast use.

2.1.3.3 Reply Types.

2.1.3.3.1 All—Call.

2.1.3.3.1.1 Standard. The Standard All—Call reply (length , 56 bits) is used
In response to an ATCRBS/DABS All—Call or a DABS—Only All—Call interrogation.

No te: Its function is to inform the interrogator of the presence of a
DABS—equipped aircraft within its area of coverage. It includes the
aircraft ’s discrete address code transmitted as part of its data
f i e l d  so that  the interrogator can add the a i r c r a f t  to its DABS targe t
roll—cal l and discretely address subsequent interrogations to the air-
craft . In addition , it includes a Capability (CA) field to designate the
data link input/output capability of the aircraft. The All—Call reply
is parity protected , but does not include an address overlaid on the
parity bits.

2’1,3.3.l.2ia !~ 
The Squitter is identical to  a Standard All—Call

reply with the exception that the All—Call Capability field (see 2.1.3.4.2.1)
is replaced by a 6—bit Altitude (AT) field and the RT code is binary 11.

2.1.3.3.2 Surveillance. The Surveillance reply (length, 56 bits) is the V
normal DABS reply when no air—to—ground data—link transmission is required.
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~ott : Th is r e p l Y  .- .ii c on t a i n , i n a spec i al  I i t - l d , e i t h e r  t h e  a i r c r a f t ’ s
P r I s s u r t - a It  i t  z id , -  (t -nco ded as itt A l C R I I S Mode C rep l i e s )  or the  ATCRB S
j deI )t  i t y  ( 4 ( ) T h  ) code , T h i t -  c h o i c e  i s  co mm anded b y  the  I n t e r r o g a to r  and
normal  lv  t h i t  lAB S m n t c r r o g a t .I r ’s t r a n s m i s s i o n  r t - q u o - s t s  a l t i t u d e  l n f o r m ; a —
t i o n .  The t i r e  r i f t  - i n  s i  g n ;a l  to  the  i n t e r r o g a t o r  t h a t  4096 r eadou t  is
des i red and on rect i pt st  t l ì  is s ig n a l t h e  i n t e r r o g a t o r  ca n samp le t h e
~ l ) ~H1 code .

2 . l . 3 . L 3 SJ~et i a I  S u r v e i ll a n c e .  III- Spec ia l  S u r v e i l l a n ce  r ep ly  is a t y p e
of i i n s v n . h r o n i z e d  Surveillance r e p l y  in w h i c h  a l l  e x t e r n a l l y — d e r i v e d  DABS

l i t i b i t s  a r e  a v a i lab l e  as s p ec i a l  d a t a  h i t s .

2 . 1. 1 . 1 . 4 Com m —B. The C omm—B r ep ly ( l e n g t h , 112 b i t s )  is used f o r  t he
t r a n s m i s s i o n  of an a i r — t o — g r o u n d  d a t a  l i n k  m e s s ag e .  l onger  messages  may be
t r a n s m i t t e d  by success ive  i n t e r r o g a t i o n — r e s p o n s e  cyc les .  The Comm—B
rep ly  i nc l u d e s  t h e  b i t  p a t t e r n  of the  (U n s y n c h r o n i z e d )  S u r v e i l l a n c e  r e p l y ,
and t h u s  may be used in I t s  p lace f o r  a s u r v e i l l a n c e  u p d a t e .

2 . 1 . 3 . 3 . 5  Comm—I ) .  The Comm— I) rep ly ( l e n g t h , 112 b i t s )  is used f o r  the
e f f i c i e n t  t r a n s m i s s i o n  of long a i r — t o — g r o u n d  da t a  l i nk  messages.  Each
Comin—D r ep ly  inc ludes  an 80—bit  message f i e l d ;  and up to 16 Comm— D r e p l i e s
may be t r a n s m i t t e d  as a s ingle long response , and acknowledged w i t h  a s ingle
in t e r roga t ion .

2 . 1 .3 .3 .6  SynchronIzed Surveillance. The Synchronized Survei l lance reply
contains a rep lica of the  timing f i e ld  (EP) of the corresponding synchronous
interrogation.

2.1.3.3.7 Comm—T. The Comin—T reply (length , 112 bits) is used for the
transmission of a synchronized data link message. The Consn—T has the struc-
ture of the Synchronized Surveillance reply plus the additional 56—bit MT
data field .

2.1.3.4 Data Block Formats. The data block formats for each interrogation
and reply type are shown in FIg. 2.1.3—1. The listing in Table 2.1.3—1 Includes
each field abbreviation used in Fig. 2.1.3—1. In addition , the table identifies
the paragraphs within this standard where each listed field is defined . A de-
tailed description of the use of the control fields for implementing the extended
length message functions is included in 2.1.5. The fields defined in these
data blocks are divided into six types :

a. General (2.1.3.4.1).

b. Standard All—Call and Squitter replies (2.1.3.4.2).

c. Surveillance/Comm—A/Comm—S interrogation (2.1.3.4.3).

d. Surveillance/Comm—B/Coimn—T reply (2. 1.3.4.4).

e. Special Couim—C/Comzn—D (2.1.3.4.5).

f. Special Surveillance reply (2.1.3.4.6). -
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2 . 1 . 1. 4 . 1 ;et1I ~r a I  F i e l d s .

2 .  1 . 1 . 4 .1 .1 
- 

I :  
- 

( F o r m a t ) , t l p l i n k  Format  J y j~e h o t  f i r s t  b i t  o f  t he  u p l i n k
d a t t b l . ’. - k  dI V - s i g n a t . -o.  t h e  f o r m a t  t y p e  as f o l l o w s :

V )~ i t  LI 1o1 _ in k  F1 r mza t  lyjl e

0 N o r m a l ( S i  ry e  i l l  anc- e , Conm i—A
I o r m at s )

1 S j L o  i a]  (DABS--on  l v  A l l  — i :~~i I ,
Comm—C t o )  rma t s

2 . 1  .1.4 .1.2 
- 

C : 
- 

Len~~th  of 1~~Hnk R i o c k .  T hot  second b i t  o f  t he  upl  ink da ta
b l o c k  I l l s ign a t e s  the b l o c k  i&-ngt!i is f o l l ows :

L B i t
~(, h i t s

1 1 1 2  b i t s

2 . 1 . 3 . 3 . 1 . 3  V i T :  
- 

l n t e r r o~ a to r 1~ pe . T h i s  .1110-—h i t  f i e l d  in a l l  but  Comm—C
i n t l r r l ) g a t  i . 1 f l 5  and D A B S — i n l y  Al  I — C a l l  i n t e r r o g a t  t o n s  d e s i g n a t e s  w h e t _ D I r  t i e

i n t e r r o ’ g i t  Ion is t r a n s m i t t e d  f r o m  a s t a n d a r d  ( I f = 1 )  or a u x i l i a r y  ( 1T 0) i n t e r r o g a t  o r .

~~ l t - : A s t a n d a r d  i n t o r r o g a t o r  is d c l  iri ed as a DABS sI -nsor w i t h  a
d i r e c t  i ona 1 a n t e n n a  pt r f o r m i n g  normal  ATC st i r v e  ii l ance  and commun i c ; a —
t i o n s , w h i l e  dl) a u x i l i a r y  i n t e r r o g a t o r  is an o m n i d i r e c t i o n a l  a i r — t o — d i r
or g r o u n d - t o - a i r  i n t e r ro g at r r .

2 . 1.3 .4 . 1.4  RT: Reply Type. This two—bi t  f ie ld  designates the  fo rm at  of
the DAB S reply as follows :

Reply Type

O 0 Surveillance
O 1 Comm—B or Special Surveillance
1 0 Standard All—Call
1 1 Comm—D or Squitter

Note: The 01 and 11 codes are each used to designate two reply formats.
This lack of uniqueness does not result in ambiguity because the reply
length is different for the two formats corresponding to each code .
The RT field is not required to indicate to the decoder the length of
the reply. The RT field is used primarily for distinguishing between

V Squitters and Standard All—Call replies .

2.1.3.4.2 Standard All—Call and Squitter Reply Fields.

V 
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l ab l e  2 . 1 . 3 — I .  F ie ld  Abbrevia t ions .

Bit Number Reference
V \ hb r ev .  N i n -  Interrog. Rep ly Paragrap h

A A l e r t  — 6 2 . 1 .3 . 4 . 4 . 1
— A d d r o - s s  — 9 — 3 2  2 . 1 .3 . 4 .2 . 3
— A d d r e s s / P a r i t y  33— 56 , 89— 112 2 . 1 . 3 . 4.3 . 1 5
— A d d r e s s / P a r i t y  33—5 6 , 89— 112 2 . 1 . 3 . 4 . 4 . 14
AC A l t i t u d e  Echo 21—32 — 2 . 1 . 3 . 4 . 3. 1 2
Al A l t i t u d e / I d e n t i t y Fl ag 8 — 2 . 1 . 3 . 4 . 3. 5

A TCRBS Lockout  6 — 2 . 1 . 3 . 4 . 3 . 3
— A l t i t u d e / I d e n t i t y  — 20—32 2 . 1 . 3 . 4 . 4 . 9
AQ A c q u i s i t i o n  Flag 5 2 . 1 . 3 . 4 . 6 . 1

\ V f A l t i t u d e  T runca t ed  — 3—8 2 . 1 .3 . 4 . 2 .2
B Comm—B Message Waiting — 16 2 . 1 . 3 . 4 . 4 . 7
( A  Capab i l i t y  — 3—8 2.1.3.4.2.1
CB Clear  Comm—3 15 — 2 . 1 .3 . 4 . 3 . 1 0

Clear  PB 14 — 2.1.3.4.3.9
1) Conun— D Message W a i t i n g  — 9 2 . 1 . 3 . 4 . 4 . 3
DC Length  of Reply  ELM — 10—13 2 . 1 . 3 . 4 . 4.4

DL DABS Lockout  5 — 2 . 1 . 3 . 4 . 3 . 2
Er Synchronous Time 8—13 — 2 . 1 . 3 . 4 . 3 . 8
— Synchronous  Time — 8—13 2.1.3.4.4.5
F Forma t Type 1 — 2 . 1 .3.4 . 1 .1
FR F l i g ht  Rules Ind ica to r  — 19 2 . 1 .3 . 4 . 4 .8

V IT In te r roga to r  Type 3 — 2 . 1 . 3 . 4 . 1.3

K ELM Control  Ind ica to r  — 4 2 . 1 . 3 . 4 . 5. 3
I D a t a — B l o c k  Length 2 — 2 . 1. 3 . 4 . 1 . 2
Mi\ Int errogation Data 33—88 — 2.1.3.4.3.13
N B Rep ly Data  — 33—88 2 . 1 . 3 . 4 . 4. 1 0
MC I n t e r roga t ion  ELM Segment 9—8 8  - 2 . 1 . 3 . 4 . 5 . 2

MI) Rep ly ELM Segment — 9—88 2 . 1 . 3 . 4 . 5 . 3
MS Maximum Airspeed — 11—13 2 . 1 . 3 . 4 . 6 . 2

M I  S y n c h r .  Reply Data — 3 3— 3 8  2 . 1 . 3 . 4 . 4 . 1 1

NC Interrogator ELM Segment No5—8 - 2 . 1 . 3 . 4 . 5 . 2
ND Reply ELM Segment No — 5—8 2.1.3.4.5.3
— P a r i t y  33—56 — 2 . 1 . 3 . 2 . 1
— Parity — 33—56 2.1.3.4.2.4
PB Pilot Acknowled gement — 14—15 2 . 1 . 3 . 4 .4 . 6

RA&R B Special Surveillance Data — 3—4 ,7—18 2 . 1 . 3 .4 .6 . 3
RC Reply  Type f o r  Comm—C 3—4 — 2.1.3.4.5.1
RL Rep ly  Length  9 — 2 . 1. 3 .4 . 3 . 6
RS Reply Selector 10—13 — 2 . 1 . 3 . 4 . 3 . 7

RT Rep ly Type — 1—2 2.1.3.4.1.4
S Synchronization Indicator 7 — 2 . 1 . 3 . 4 . 3 . 4

— Synchronization Indicator — 7 2 . 1 .3 .4 . 4 . 2
SD Surveillance Data 17—32 — 2 . 1 . 3 . 4 . 3 . 1 1

SF Synchr. interrogation Data — 33—38 2.1.3.4.3.14
SL Squitter Lockout 4 — 2.1.3.4.3.1
SP Spare 3,4,16 3—5 ,8,17—18 —

SR Segment Request 9—24 — 2 . 1 . 3 . 4 . 5 . 2

TA Transponder Technical
Acknowledgement — 9—24 2.1.3.4.5.3
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2.1.3.4.2.1 CA: Capab ility . This six—bit rep ly field indicates the data link
input/output capability of the aircraft. Each bit in this field is dedicated
to a specific capability. A one in a p a r t i c u l a r  b i t  pos i t ion  indicates the
f o l l o w i n g :

Bi t  No . Si g n i f i c a n c e

3 Equipped w i t h  ~\TARS d isp lay
4 Unassigned
5 Equipped with ATC message display
6 Unassigned
7 Unassigned
8 Equipped w i t h  extended capab i l i t y

(see 2 . 1 . 3 . 4.4 . 12 )

B i t  No.  8 is always set to “one if the t ransponder  has ELM capab i l i t y .

2 . 1 . 3 . 4 . 2 . 2  AT: A l t i t u d e,  Truncated for  Squitter Transmissions. This
special 6—bit altitude code is a truncated version of the full ATCRBS Mode C
altitud e code, wh ich provides digitized altitude in 1000—ft Increments quan-
tized to +500 feet from —750 feet to +62,250 feet , as follows :

Bit Number:  3 4 5 6 7 8 A l t i t u d e  Range Average Al t i tude
Pulse Position : A

1 
A
2 

A
4 

B
1 B2 

D
4 

(feet) (feet)

Minimum Altitude 0 0 0 0 0 0 —1250 to —250 750
First step 0 0 0 0 1 0 —250 to +750 250

V Second Step 0 0 0 1 1 0 +750 to +1750 1250

Maximum altitude 0 0 0 0 0 1 +61750 to +62750 62250

Note: Because of the altitude digitizer coding , an aircraft at an
altitude above 62,750 ft will Squitter a code which will indicate an
altitude below 62,750 ft. However , the AT code is intended only to
provide a preliminary indication of altitude to allow minimization of
acquisition interrogation rates in high aircraft—population density air-
space. After the target is acquired by a discrete interrogation , the
full altitude code will be available. Since the aircraft population
density above 62,750 ft will always be relatively low, it is not necessary
to increase the unambiguous range of the AT code to provide for higher
altitudes.

2.1.3.4.2.3 Address. This 24—bit field contains the aircraft ’s discrete
address code.

2.1.3.4.2.4 Paritj~~ This 24—bit field contains 24 parity check bits
generated by applying a parity check code to the preceding bits in the data
block. The algorithms for generating the parity check bits are described in
2.1.4.
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2 . 1 . 3 . 4 . 3  Surve i l lance /Comm — AJ Comm— S In t e r r o g a t i o n  Fie lds .

2 .1.3 .3.3.1 SL: Sctuitter Lockout .  This o n e — b i t  f i e ld  allows the i n t e r r o—
gato r  to  prcvo-nt tilt - t r an sponde r  f r o m  t r a n s m i t t i n g  S q ui t t e r s  and densitizes the

V 
t r a n s p o n d e r  to auxiliar y discrete address interrogations (i.e., interrogations
w i t h )  IT=0 ; s t-c  2 . 1 . 3 .4 . 1 .3 ) .  Each t ime  the t r a n s p o n d e r  r ep l ies  to a discrete
I n t o r r o g a t  i on  c o n i t a i n i n g  SL~ 1, the  t ransponder  shal l  be irmnediatel y locked out to
Squ i t t er s  and a u x i l i a r y  d i s c r e t e  i n t e r roga t ions  f o r  a period of T SL seconds
and a t ime—out  shall be i n i t i a te d  (or r e i n i t i a t e d )  for  the  f u l l  TSL i n t e r v a l .

The t ranspondt - r sha l l  be unlocked to Sq u i t t e r s  and auxiliary d iscre tes only
if  it has not rep l ied to an interrogation wi t_ la SL~ l wi th in T 

L 
seconds. When

an i n t e r ro g at i o n  is received with SL~0, the lockout state an~ the TSL t ime-
out sha l l  not  be a f f e c t e d .

2 . 1 . 3 . 4 . 3 . 2  DL: DABS Lockout. This  one—bi t  f i e ld  allows the  in t e r roga to r
to prevent the t r ansponder  f rom accep t ing  ATCRBS/ DABS Al l —Cal l s .  (This
f ield dot-s not affect sensitivity to ordinary ATCRBS interrogations.) E;ach
time the transponder replies to a discrete interrogation containing DL~ l, the
t r a n s p on d e r  shall  be immedia t e ly  locked out to subsequent  ATCRBS/DABS Al l—Cel l s
( o r  a per iod  of T L seconds and a t ime—out  shal l  be in i t i a ted  (or r e i n i t i a te d )
for the full T ~nterva1. The transponder shall be unlocked to ATCRBS/DABS All-
calls only if has not replied to an interrogation with DL=1 w i t h i n  TDL
seconds. When an interrogation is received with DL.0, the lockout state and
the T DL t ime—out shall not be affected .

2.1.3.4.3.3 AL~. ATCRBS Lockout.  This  o n e — b i t  f i e ld  allows the interroga-
to r  to prevent the transponder from accepting ATCRBS interrogations . (This
f ield does not affect to ATCRBS/DABS All—Calls.) Each time the transponder
rep lies to a discrete interrogation containing A L 1 , the transponder shall be
immediatel y locked out to ATCRBS interrogations for a period of T 

L 
seconds

and a time—out shall be initiated (or reinitiated) for the full 
~~L 

interval.
rhe transponder shall be unlocked to ATLRBS in te r rogat ions  only it~ it has not
r e p l i e d  to an i n t e r r o g a t i o n  w i t h  AL~ 1 w i t h i n  T L seconds. When an i n t e r r o g a t i o n
Is received w i t h  A L O , the  lockout s t a t e  and t~ e TAL t ime—out shall not be
a f f e c t e d .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I n d i c a t o r .  This  one—bi t  f i e ld  d e s i g n a t e s
whether or not the interrogation is synchronized , i.e., timed such that the
resulting reply occurs at a precise clock time . A one in this f i e ld  ind ica tes
that the Interrogation is synchronized and requires that bits 8—13 be inter-
preted as EP (see 2.1.3.4.3.8).

3 .3.5 Al : ~~]~tjt de/Ide Ity Designator. This one—bit field is used
to designate whether the reply Is to contain the pressure altitude code or the
ATCRB S identity code in its Altitude/Identity field . A one is used to request
transmission of t l i t -  ATCRBS id e n t i t y  code.

2.l.L4.3.6 RL: JLl~_j~~~ th .  This one—bit field is used in interrogations
to designate tile reply type (length) as follows :

R Bi t R~p1v Tyj~~
0 Surveillance (56 bits)
1 Comm—B (112 bits)

17



I t  t h e  RE. b i t  is a one and the t ransponder  is equipped for  Comm—B t ransmissions,
the  transponder shall transmit a Comm—B reply regardless of whether or not
there i s  a Comm—B device attached . If the RL bit is a one and the transponder
Is not equipped for Comm—B transmissions , the transponder shall transmit
a standard Surveillance reply. The RL bit also determines the definition
nt the RS code (see 2.1.3.4.3.7).

2.i.3.4.3.7~j~Sj_Rep ly Selector. This four—bit field is used in conjunction
w ith the RL code in Unsynchronous interrogations to specify the format and
source of data to be transmitted in DABS replies. When an interrogation is
received with S 0, RL — 0, and RS 0000. a Surveillance reply shall be
transmitted . When S 0, RL — 0 and RS ~ 0000 , a Special Surveillance reply
shall be transmitted . (Particular Special Surveillance reply codes are
spec ified in 2.1.3.4.6.) When RL I, the RS code specifies the source of
the MB data in the Comm— B reply.

2 . 1 . 3 .4 .3 .8 EP (EPOCH): Synchronous Reply Time. This six—bit field designates
the six most significant bits of the synchronized reply time (see 2.1.3.4.4.5).

2.1.3.4.3.9__CP: Clear PB. This one—bit field is used to acknowledge
and reset the p ilot ’s acknowledgment device. A one in this field indicates
acknowledgment.

2.1.3.4.3.10 CB: Clear Comm— B. This one—bit field is used to acknovledge
receipt of an air-to—ground Comm—B message . A one in this field indicates
acknowled gment. When an interrogation is received with C B 1 , the B bit shall be
cleared in the reply to that interrogation unless another Comm—B message is
waiting; in that case, the B bit shall remain set.

2.1.3.4.3.11 SD: Surveillance Data. This 16—bit field is used for trans-
mission of shor t , specialized data words. The first four bits of SD (Bits
17—20) are used as a Surveillance Data header. If these bits are all zeros,
the remainder of SD (bits 21—32) contains the Altitude Echo (AE). (If the
first four bits are not all zeros, the transponder is thereby ins truc ted no t
to display the contents of the remainder of the SD field in the AE display.)
Codes for the non—zero header are described in 3.5.4.

2.1.3.4.3.12 AE: Altitude Echo, This 12—bit subfield of SD is used
when bits 17—20 are all zeros to transmit to the aircraft its altitude as
reported on the previous transponder response. For convenience in display ,
AE Is encoded as follows : bits 21—24 transmit the decimal integers 0—12,
representing 10,000—ft increments through 120,000—ft (a binary code of 1111 in
bit positions 21 to 24 is used to blank the AE display); bits 25—28 transmit
the dec imal Integers 0—9, representing 1 ,000—ft increments; bits 29—32 transmit
the dec imal integers 0—9, representing 100—ft Increments. In each 4—bit word
represen ti ng a dec ima l in teger , the least significant bit is transmitted
last. For aircraft flying below the transition altitude to “flight level”
readings , AE is corrected (on the ground) for local barometric pressure in
the aircraft ’s operating area, so that the altitude displayed by AE corres-
ponds to the Ind ication on the aircraft ’s altimeter. The AE code is not
co rrected for  a i rc raf t  above the transit ion a l t i tude (see 2 .2 . 7 .2 ) .
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MA: Interrogation Data Link Message. This 56—bit
field contains the interrogation data—link message .

2.I.3.4.3~~~_ SF: Synchronized Interrogation Data. This 56 bit field
contains the  interrogation synchronized data link message .

2.1.3.4.3.15 Address/Parity. This 24—bit field contains the 24—bit dis-
crete address of the interrogated aircraft combined with 24 parity bi ts
generated by applying a parity check code to the preceding bits in the data
block. The algorithms for generating the parity check bits and their
comb ination with the address code are described in 2.1.4 (also see 2.1.3.4.4.13).

2.l.3.4.4 Surveillance/Comm—B/Comm—T Reply Fields.

2.1.3.4.4.1. A: Aler t. This one—bit field requests the sensor to transmit
an interrogation with A I 1  so that the ATCRBS identity (4096) code setting
may be transmitted to the ground . The A bit shall be automatically set each
t ime the 4096 code setting is changed . Upon receipt of the next DABS Surveil-
lance or Comm—A interrogation , the transponder shall reply with A l .  The
A bi t shall be cleared after a reply containing the 4096 code has been trans-
mitted in response to an interrogation with IT—i and AI—l , wi th the following
exception : the transponder shall transmit the A bit continuously when the 4096
code indica tes an emergency condition , and shall not be cleared upon receip t of
A 1 l  from the ground .

2.1.3.4.4.2 S: Synchronization Indicator. This one—bit field echoes the
S b it in the correspond ing interrogation (see 2.1.3.4 .3.4) , indicating (by
S—I) that the reply is synchronized and can be used by suitably equipped
aircraft for air—to—air ranging. Thus, the S bit of a Connn—B reply will
always be a zero.

2.1.3.4.4.3 D: Extended—Length “Message Waiting” Indicator. This one—bit
f ield designates to the interrogator that the transponder has an extended—
length message waiting to be transmitted . A one in this field indicates the
presence of such a message .

2.1.3.4.4.4 DC: Length of Reply ELM. This four—bit field is used to indi-
cate the length of an extended—length message waiting to be sent. The four—bit
binary integer in DC is one less than the number of segments in the extended—
leng th message.

2.1.3.4.4.5 EP (EPOCH): Synchronous Reply Time. This six—bit field repeats ,
in a synchronized reply, the contents of the EP field in the corresponding
synchronized interrogation (see 2.1.3.4.3.8).

2.1.3.4.4.6 PB: Pilot Acknowledgement Buttons. This two—bit field is
reserved for a pilot acknowledgement code .

B: Data Link “Message Waiting” Indicator. A one in this field
designates to the interrogator that the transponder has a Comm—B message
waiting to be transmitted .
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2.1.3.4.4.8 FR: F1i~ht Rules Indicator. This one—bit field is set to
Ind icate whether the aircraft is operating under visual or instrument flight
rules. A one in this field indicates IFR operation .

2.1.3.4.4.9 Alti tude/Identity . This 13—bit field contains the ATCRBS
Mode A identity code or Mode C altitude code (including the X bit), as indi-
cated by the Al field .

2.1.3.4.4.10 MB: Reply Data Link Message. This 56—bit field contains the
air— to—ground data link message . If a Comm—B reply is transmitted for which
the transponder and/or Its peripherals cannot supply data , the MB field shall
contain all zeros.

2.1.3.4.4.11 MT: Synchronized Reply Data. This 56 bit field contains the
synchronized reply data. If a Comm—I reply is transmitted for which the trans-
ponder and/or its peripherals cannot supply data , the MT field shall contain
all zeros.

2.1.3.4.4.12 Extended Capability and Flight Number Reply. In response to
a correctly addressed interrogation with RL 1 and RS 0001 (see 2.1.3.4.3.7),
the transponder shall, if so equipped , transmit a Comm—B reply whose MB field
is reserved for extended capability and aircraft flight number codes. The
specific codes are not yet defined , except as indicated in 2.1.3.4.4.13.

2.1.3.4.4.13 ELM Capability Code. If the transponder is ELM equipped ,
bit position 37 shall be transmitted as a one to indicate ELM capability in
response to an interrogation with RL— l and RS 0001. All remaining bits
of the transmitted MB field shall be zeros unless ones are automatically
entered in pre—assigned bit positions by I/O devices attached to the SM interface.

2.1.3.4.4.14 Address/Parity . This 24—bit field contains the 24—bit discrete
address of the replying aircraft combined with 24 par i ty  check bi ts  generated
by applying a parity check code to the preceding bits in the data block. The
algori thms for generating the parity check bits and their combination with the
address code are described in 2.1.4.

2.1.3.4.5 Special Comxn—C/Comm—D Fields.

2.1.3.4.5.1 RC: Reply Type for Comm—C Interrogations. This special two—
bit reply type and control field is used in conjunction with an extended—
length message transmission. The RC codes are defined in Table 2.1.3—2.

2.1.3.4.5.2 NC and MC. Respectively, these four—bit segment number and
80—bit message fields are included in Comm—C transmissions. The interpreta-
tion of these fields is determined by the RC code, as defined in Table
2 . 1 . 3 — 2 .

2.1.3.4.5.3 K, ND, MD (including TA). Respectively, these 1—bit , 4—bit and
80—bit , (including the 16 bit TA) Comm—D fields are used for extended—length
message transfer as follows :
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K Bit V ND B its MD Bi ts

0 Segment number of message 80—bit segment of reply
segment in MD extended—length

message
1 Not used (all zeros) 16—bit cumulative Transponder

Technical Acknowledgement
(TA) of interrogation
extended—length message in
bit positions 9 to 24

If the interrogat ion requests a Comm—D reply and the transponder is
ELM—equipped , the transponder shall transmit a Comm—D reply regardless of
whether or not there are ELM data available. If a Comm—D reply is transmitted
for which the transponder and/or the ELM device cannot supply data , the
MD field shall contain all zeros. If the interrogation requests a Conmi—D
reply  f rom a transponder which is not ELM—equipped , the transponder shall not
reply.

2.1.3.4.6 Special Surveillance Reply Fields. Upon receipt of an interro-
gation with RL — 0 and RS ~ 0000, the transponder shall transmit a Special
Surveillance reply including the following internally generated fields to
assure cooperation with air—to—air auxiliary interrogators.

2.1.3.4.6.1 AQ : Acquisition Flag. Upon receipt of an interrogation with
RL - 0 and RS - xxix (where x designates either a one or a zero), bit 5 (AQ) of
the Special Surveillance reply shall be transmitted as a one, indicating an
acquisition reply. When RL — 0 and RS — xx0x, but RS ,~ 0000 , bit 5 shall
be transmitted as a zero , indicating a roll call reply.

2.1.3.4.6.2 MS: Maximum Airspeed Field. On receipt of an interrogation
with RL — 0 and RS — 0010, bit positions 11 to 13 (located in the RB field)
of the reply shall contain the maximum airspeed code for the aircraft. MS
indicates the maximum cruising airspeed of the aircraft in which the trans-
ponder Is installed . The coding of this field is as follows:

MS Maximum Airspeed
Bit No. 11 12 13 

_________________

0 0 0  No input

0 0 1
0 1 0

0 1 1

1 0 0 
Not yet defined

1 0 1

1 1 0

1 1 1 Squitters inhibited

The MS — 111 code shall be automatically set whenever the Squitter Inhibit ¶
interface (see 2.2.8.4) ig activated .
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Note: This if rspeed Information is used in scheduling reacquisition
interrogations it the transponder is outside the range of interest of the
auxiliary Interrogator. The absence of an airspeed code results in
a def ault to the all—zeros code. The Squitter Inhibit interface may be
used to encode all ones in this field when the aircraft is on the ground
so that the aircraft may be so identified .

2.1.3.4.6.3 RA and RB: Special Surveillance Reply Data. Bits 3, 4, and
7—18 of the Special Surveillance repl y,  with the exception of the MS code
bi ts (11—13) , shall be obtained from the SM interface (see 2.2.10) and
shall not be acted upon by the transponder. In the absence of inputs from
the SM in terf ace , all externally—derived bits shall be transmitted as zeros.

2.1.4 Error Protection.

2 .1.4.1 Technique. Parity check coding is used on DABS interrogations and
rep lies to provide protection against the occurrence of undetected errors .

2.1.4.1.1 Parity Check Bits. Twenty—four parity check bits shall be gene-
rated for each DABS transmission . In all DABS interrogations and replies ,
except DABS—On ly All—Call interrogations , All—Call replies and Squitters ,
these parity check bits shall be combined with the 24—bit discrete address
thereby providing error protection without increasing the transmitted message
I en g t h.

2.1.4.1.2 All—Call and Broadcast Transmissions. In DABS—Only A-Il—Call
interrogations and other interrogations which are directed to all DABS trans-
ponde rs (DABS Broadcast transmissions) no address shall be transmitted. In
these transmissions the parity bits shall be transmitted as they are generated ,
or , in effect , combined with an address of all zeros.

2.1.4.1.3 DABS All—Call Replies. In DABS Standard All—Call replies and
Squitters , the 24—bit address is transmitted as part of the information field.
The 24 parity check bits are then transmitted as they are generated , i.e.,
without comb ining them with the address bits.

Note:  An error  occurring in the received data block (in either the
information field or the Address/Parity field) will, with high probability.
modif y the bi t  pat tern in the Address field at the completion of the
decoding process. The probability of an undetected error , i.e., one
which does not modif y the address pat tern a f t e r  decoding, is extremely
small. When an error occurs in an interrogation, the transponder to
which the Interrogation was addressed will not recognize its address
and will not reply or accept any accompanying message.
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It  is possible that noise or interference—induced errors .iill cause
an aircraft to accept an interrogation which was actually addressed to
an~~her aircraft. Because of the very large number of possible addresses
(2 ~~16 million) , the probability of occurrence of such a misdirected
message is very low. Note that the aircraft receiving the misdirected
message must be in the main lobe of the interrogator antenna pattern .
Otherwise , the interrogation will be rejected by the DABS sidelobe
suppression action.

In decod ing the response to a discretly—addressed interrogation , the
interrogator already knows the address of the replying aircraft. This
fact allows the interrogator not only to detect errors in the reply , but
also to correct certain error patterns without significantly compromising
the reliability of error detection. The code properties permit the
correction of error patterns resulting from interference caused by a single
ATCRBS reply.

In decoding the response to an All—Call interrogation , the decode r
does not know the address of the replying aircraft. However , since the
parity check bits are not combined with the address bits in the DABS All—
Call reply , the error detection and correction capability is the same as
in the case of responses to discretely—addressed interrogations.

2.1.4.2 Parity Check Sequence Generation. A systematic code shall be
employed in which the 32 or 88—bit information field (of a 56 or 112—bit data
block, respectively) is transmitted unmodified . Twenty—four parity check bits
shall be generated by operating on the information field with an encoder
described by the following polynomial :

4
ig(x)  — g

1x

where g1 — 1 for 1—0 through 12 , 14 , 21 , 24
— 0 otherwise

2.1.4.3 Address/Parity Combination. The 24 parity check bits shall be com-
bined with the 24—bit discrete address (except in a DABS—Only All—Call interro—
gation, a Standard All—Call reply, or a Squitter) and transmitted sequentially
following the information field .

Note: Two different procedures are used for combining the address and
parity check bits , one for interrogations and one for replies. The
procedure used for interrogations is chosen to minimize transponder
hardware complexity. The procedure used for replies is chosen to facili-
tate the use of error correction in reply decoding.
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Figure 2 .1.4—I illustrates a realization of the interrogator and
t ransponder encoders. (The connection shown as a broken line is present
only in the interrogator encoder.) Other functionally equivalent encoder
r ea l i za t ions  are equally accep table , provided that the Address/Parity field
generated for all information and address fields is identical to that of
the encoder in Figure 2.1.4—1. As illustrated , the encoder is a 24—stage
shift register , where the outputs of certain stages , as defined by the
characteristic polynomial , are summed modul o 2 with the input sequence
and app lied to the sh i f t  r eg i s te r  input .

The encoder opera tes in two mod es , the first during the transmission
of the information field , the second during the transmission of the
Address/Par ity field. In the encoder shown , the mode is detetmined by
the position of the switch; the position illustrated corresponds to the
mode used during the transmission of the information field.

Encod ing commences with all shift register stages initialized to “0”.
During transmission of the information field , the encoder output is
connected directly to the input , i.e., the transmitted bits are identi-
ca l ly  the information bits. Simr’ltaneously , the information bits are
summed modulo 2 with selected shift register stages and applied to the
shift register input.

During transmission of the Address/Parity field , the encoder ou tpu t
( I . e . ,  the sequen ce of bits to be transmitted) is the output of the sum—
modulo—2 network. In the interrogator encoder, the address bi ts are
applied sequentially to the shift register input as well as to the sum—
nodulo—2 network. In the transponder encoder , the address bits are
applied only to the sum—modulo—2 network; the shift register input is set
to zero during Address/Parity field transmission .

2.1.4.4 Transponder Error Detection Decoding. The transponder shall employ
error detection logic matched to the transmitted parity sequence.

Note: The circuit of Fig. 2.1.4—1 also serves as a realization of an
error detection circuit for decoding the encoded sequence. The decoder
is operated with the switch in the “up” position . The entire received
message is shifted into this circuit as well as into a storage buffer.
After all 56 or 112 bits have been received , the shift register will
contain the correct address only if no errors have occured in trans-
mission . I f  the address is received correctly, the data in the storage
register can be accepted with high confidence.
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2.1.5 Comm—C/Comrn-D Extended—Length Message Protocol. Extended—length
message (ELM) protocol provides for more efficient transmission of long data
link messages to aircraft with optional ELM—equ ipped transponder s by permitt ing
the grouping of up to 16 message segments into a single entity which can be
acknowledged by a s ing le  reply. Each single segment is included in a Comm—C
or Comrn— D t r ansmiss ion .  (The l imi t  of 16 segments refers solely to the
manner in which the message is transferred over the link. Longer messages
can be accommodated through the use of a message continuation indicator
wi th in  the  t ex t  f ie ld  of the last segment of an ELM. )

2.1.5.1 Ground—to—Air ELM Transfer. Ground—to—air extended—length messages
are transmitted using the Comm—C format with three different reply type codes
(RC—00, 01 and 10). The three reply type codes designate an initializing
segment , intermediate segments and a final segment.

Note: The minimum length of a ground—to—air ELM is two segments. The
transfer of all segments may take p lace wi thout any in tervening replies ,
as described in the next four paragraphs . In this way , channel load ing
is minimized . Message segments (one per Comm—C interrogation) may be
t ransmitted at a rate of up to one per 50 ~sec. This minimum spacing
is requ ired to permit the resuppression of ATCRBS transponders . Delivery
of the message may take place during a single scan or over a few scans
depending on the leng th of the message , the channel interference level ,
and the sensor loading. Normally , s u f f i c ien t time will  be ava ilable
within one scan to permit complete delivery of the message.

2.1.5.1.1 Initializing Segment Transfer. The ELM transaction for an N—
segment message (segment numbers 0 through N—i) Is initiated by a Comm—C
interrogation with RC—O0. The transponder does not reply. Receipt of this
interrogation (in effect a “dial up”) causes the airborne ELM equi pmen t to
p repare for a new ELM t ransfer . Also delivered in the initial call is the
text of the final message segment in MC , and its segment number (N—i) in the
NC field.

Note: This “last segment first ” protocol is used to inform the trans-
ponder of the length of the message. If the ELM processor fails to
receive an initializing segment , it may either ignore or store the da ta
content of all further segments of the same message since the interro-
gator will retransmit the entire message (see 2.1.5.1.4), initializing
segment and all other segments, without change .
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2 . 1 . 5 . 1 . 2 Tnter med 1i1tc S!~~~ent T r a n s fer . Message delivery proceeds with
the transmission of intermediate segments (any sequence of N—2 segments
chosen from segments N—2 through 1) via Comm—C interrogations with RC O1 ,
again triggering no replies. Each message segment Is identified with its
segment number in the NC field . The ELM processor stores each segment in
the appropriate storage location based upon this number. In this way, the
message processor reassembles the m&”~sage , and its bookkeeping f unc tion keeps
track of which segments have been received.

N o t e :  I n t e r m e d i a te  segments may be del iver ed in any order , once the V

ELM processor has been initialized with segment N—I . If the entire
message consists of only two segments , there will be no intermediate
t r a n s f e r s .

2 . 1 . 5 . 1 .3  F i n a l  Se~&ment T r a n s f e r .  The interrogator transmits the final
segment of a Comm—C Interrogation with RC—10. Its segment number (any number
from 0 to N—2) is in NC , and the text is transmitted in MC . This RC code
elicits a Consn—D reply with K 1  and a cumulative Transponder Technical
Acknowledgement in the MD field. The cumulat ive Transponder Technical
Acknowl edgement (TA) consists of a bit string (maximum length 16 bits) which
indica tes which segments of the ELM have been received . The first bit represents
the state of the first (N—0) segmen t , etc. , with the states defined as: 1 —

segmen t rece ived , and 0 — segment not received . (The remaining 64 bits of
MD are spares and shall be transmitted as zeros). Thus at all time s this
field represents the current status of segment delivery from the t ime of ELM
initiation . If the interrogator does ~-ot  receive a reply to the Comm—C
interrogation containing the fina l segment , this interrogation is repeated
until a reply is successfully received . When all segments have been recei’.ed
by the t ransponder , the interrogator knows that its last transfer was indeed
f inal and closes out the transac t ion by the transmission of a special Comm—C
Interrogation with RC 11 , NC 0001 and bit 9—1 , theteby resetting the TA
field and any other bookkeeping registers in the transponder. This “Clear
Comm—C ” I n t e r r o g a t i o n  e l i c i t s  a s i n g le  Comm—D reply (with arbitrary message
content) which serves as a technical acknowledgement to the Interrogator. To
expedi te  the display of the message , the ELM processor in the transponder
transfers the message to the appropriate output device as soon as It senses
the presence of all segments (i.e ., It does not await the receipt of the Clear
Comm—C interrogation). However , output transfer shall be enabled only once
fo r each ground—to—ai r  ELM message t o  avoid displaying the same message more
than once in the event of retransmission due to TA delivery failure .

Note: The I n t e r r o g a t o r  wi l l  a1~ ays send a Clea r Comm—C message after
partial delivery of an ELM w h i c h  i t  wishes to cancel , as well as after
norma l complete delivery . This procedure ensures that there will be no
conf usion between segments of successive ELM ’s, even if the initializing
segment of the second ELM Is subj &-ct to link failure .
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2 . 5  V Se~ m~- c i t  not R e c e i v e d  by Transponder. If one or more segments
ot  t i i t -  1-1M ire not r e c e i v e d  by th~- transponder , this fact is indicated by
/V er os  in the corresponding hit positions In the TA. I f  the TA in d i c a t e s
t h,it the i n i t i a l i z i n g  segment v i i - . not  r ( - ( - e i v e d , the  i n t e r r o g a t o r  r et r a n s m i t s
t h t -  e n t i r e  me ssage . I f  s~-Cmefl ts o t h e r  than  the i n i t i a l i z i n g  segment  are
m i s s i : i g ,  the y arc retran smitt ed with RC~ Ol , except fo r  the last of the
m i s s i n g  segments  w h i c h  has  RC~~lO to reques t  an upda t ed  TA. This  process
continu es u n t i l  t he  ground r eceives  a c u m u l a t i v e  TA i n d i c a t i n g  t h a t  all
segments have b -en d e l i v e r e d . At that point , the transaction is -losed out as
desc r ibed  above . I f  s t a n d a r d  DABS contact  is los t  ( i . e . ,  i f  more than n o m inV l l l y
16 seconds has elapsed s ince  the  t r a n s p o n d e r  las t  replied to a d i s c r e t e  addr s- .
inte rregi t ion with 1T 1) before a g r o u n d — t o — a i r  t r ansac t ion  is closed out , the
ELM reg i s te r s  sha l l  be r e t u r n e d  to t h e i r  i n i t i al i z e d  (power on) state.

~~~~~~~~~~~~~~~~~~~~~~ ELM Transfer. The t r a n s f e r  of an a i r - t o — g r o u n d  ELM
i s  s i m i l a r  to the g r o u n d — t a — a i r  process .  D i f f e r e n c e s  between the  two p r o t o c o l s
r e s u l t  p r i m a r i l y  f rom the  fac ts tha t  (1 )  a l l  channel  a c t i v i t y  is ground
i n i t i a t e d  and ( 2 )  the t ransponder can reply with a longer communications
forma t on ly  when g iven  s p e c i f i c  p e r m i s s i o n  by the ground .

2 . 1 . 5 . 2 . 1  I n i t i a l i z a t i o n .  An N—segment  a i r — t o — g r o u n d  ELM t r a n s f e r  is
ir , i t i at e d  by - ‘ non—synchron iz ed  Surve i l l ance  or Comm—B rep ly c o n t a i n i n g  the  D
h i t  set to  1 , and DC set to N — I .  The i n t e r r o g a t o r  is f u l l y  i n i t i a l i z e d  as
soon as it receives this i n f o r m a t i o n .

2 . 1 . 5 . 2 . 2  Transmiss ion .  The interrogator requests the air—to—ground trans—
missi en of ELM segments using a single Conmi—C transmission with RC=1 1 . In
this format , the NC field contains all zeros and the first 16 bits of MC form
a spec ial 16—bit Segment Request (SR) field , in which the successive bit
positions correspond to segment numbers 0 thr ough 15. (The remaining 64 b its
of MC i r -  spare s and shall be transmitted as zeros). The designated response
is a series of Comm—D replies with K— 0 containing those message segments for
which the corresponding SR bit is set  to one.  (The t r ansponde r  t h u s  is not
to ld  w h i c h  segments  have been s u c c e s s f u l ly received , bu t  those which  are to be
t r a n s m i t t e ! . )  The successive Cotmn—D replies of the response are transmitted
w i t h  a n o m i n a l  s p i r i n g  01 1 36 I~sec between preambles (16 u sec between the end
of a reply and the suc - it - ding preamble). After the complete response to the
Comm—C m t  e rr o g a  t Ion has been received , another Comm—C interrogation with
RC =1 1 , NC=0000 and an updated SR field i s  t r a n s m i t t e d  to request  segments
not v e t  rt- - cived (either because they were not requested in the first response .
cr hCCVIIIVS& they were received In error). The transponder replies again with
the requested segments. The cycle is repeated until all segments have been
reri - ived

Note: As w i t h  u p l i n k  ELM ’s , t h i s  p r oc e ss  may t ake  place w i t h i n  a scan
or l I v e r  several scans. Alt hoci g li the pr ec  ise spac ing  of segments in the
response Is known to  the In t e r r o g a t o r , each segment is transmitted as a
full Comm—f) rep ly with a pream~-I to resynchronize the reply decoder In
case the preceding segment Is lost.
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2 . 1 . 5 . 2 . 3  Te r m i n a t i o n .  The t r a n s a c t i o n  is  t e r m i n a t e d  b y a spec ia l  Comm—C
i i l t c r r c c C . i t  Ion w i t h  R C = l l , NC= OO 10 , and b i t  9= 1.  This I n t e r r o g a t i o n  r e s e t s
the  1) —hi t  and I)C f i c - I d .  it  also e l i c i t s  i i  s ing le  Comm—I ) r ep ly  ( w i t h  a r b i t r a r y
c c l l t e n t  s In th e MI) 1 i e l d )  whI ch s e rves  as a tc-c hn ica l  acknowledgement  to the
m t  errogator.

N o t e :  The ground processor , w h I c h  has c o n t r o l  of message t r a f f i c ,
s e r v ic e s  g r o u n d — t o — a i r  messages in the  order  received except when a
u s er — s u p p l i e d  p r i o r i t y  tag I n d i c a te s  o the rwise .  The exis tence of a
small number of priority message classes permits , for examp le , an urgent
command to move ahead of other waiting messages. For air— to—ground
messages , the  possible p r i o r i t y  classes are more l imited , since there  is
less advance knowledge of the message parameters. However , ELM trans-
f ers are generall y regarded as having lower priority than Comm—A or
Comm—B messages. Delivery of a ground—to—air ELM can be interrupted at
any t ime to permit the  de l ivery  of an u rgen t  Comm-A message , and then
resumed . S i m i l a r l y ,  a Comm—B message can interrupt an air—to—ground ELM.
M i s s i g t  numbering (as opposed to segment numbering) is not required for
t h i s  p ro toco l ;  if  desired by the user , message IDs may be coded wi th in
ti le message text.

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Technical Character 1st Ics.

2.2.1 C on f 4 ~~~~a t ion and Interfaces o orne Equipment.

2 . 2 . 1 . 1  Transponder.  The t ransponder  shall  have the fol lowing minimum
c a p a b i l i t y :

ATCRB S: Modes A , C
DABS : ATCRBS/DAB S A l l — C a l l  (2 .1.1.3 )

DABS—Only All—Call (2.1.3.2.1)
Surveillance interrogations and replies (2.1.3.2.2 and 2.1.3.3.2)
Comm—A and DABS Broadcast interrogations (2.1.3.2.3 and 2.1.3.2.7)
Squitter and Special Survei l lance rep lies (2 .1 .3 .3 .1 .2  and 2 . 1 . 3 .3 . 3 )

The transponder may have any or all of the following optional capabilities:

Comm—B replies (2.1.3.3.4)
Comm—C and Comm—D Interrogat ions and rep lies (ELM capability) (2.1.5)
Synchronized  S~ir - i t - i l l a n c e  i n t e r roga t ions  and rep lies ( 2 . 1 .3 . 2 . 5  and

2.1.3.3.6)
Comm—S and Comm—T Interrogations and replies (2.1.3.2.6 and 2.1.3.3.7)
An tenna Diversity (3.2)

I t  the transponder has ELM capabilIty, it  must also have Comm—B capability.

2 . 2 . 1 . 2  1_n~~-r t c t - c - s  and )is~~l ciy s. The transponder shall be provided with
a Stand ird Message (SM) interface capable of transferring to appropriate dis-
plays the contents (exclusive of the Address/Parity field) of DABS Surveillance
and Comm—A interrogat ions , and o f reading in the contents of DABS Surveillance
repl ies. Detilled technical characteristics of this i n t e r f ace  are specified
In 2.2.10. As an opt ion , the t ransponder may have the additional capability
of r c- i d tn g  In the contents of I)ABS Comm—B (downlink) transmissions via the
M interface . As another option , the transponder may have the additional

capabIlity ol  transferring out and reading in the message contents of DABS
extended—length up link (Comm—C) and downlink (Conun—D) transmissions , respec—
t ~ve1y.
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2 . .~.2  
- ~ej c l v  Conditions .

2 . 2 .  2 . 1  
- 

. \ I ( R R ~~. The t r an s p o n d e r  sh i l l  rep ly  to s tandard  ATCRB S Mode A and
Mode C interr ogations under the conditions prescribed in FAA Order lO l O . S IA ,
e x c e p t  when I n h i b i t e d  f rom r e p l y i n g  by an ATCRB S lockout condition or during
r e c ov c - r v  t o l l u w i n g  a DABS rep l y. The t r ansponder  shall  not rep ly to ATCRBS
in t e r rog a t i o n s  when s u b je c t  to t h e  c )n ( I it i o n s  p resc r ibed  in FAA Se l ec t i on  Order
1010 . S1 \ , f o r  no r ep l y .

2.~~.2.2 AT RBS/i)ABS Al1-C 11. Ih ic  t r a n s p o n d e r  shall  rep l y to an ATCRBS/DABS
Mode A or Mode C A l l — C il l  i n t e r roga t i on , except  when i n h i b i t e d  f r o m
r e p l y ing  by a lockout  c o n d i t i o n  or during recovery follow ing a DABS or ATCRBS
r e p l y .  lhc t r an sponde r  shal l  not reply  ( w i t h  e i the r  an Al l—Cal l , an ATCRB S ,
or a DABS r e p l y )  in  response to an ATCRBS/DABS Al l—Cal l  i n t e r r o g a t i o n  when the
i n t e r r I C a t  ion :onta i n s  a P pulse which  s a t i s f i e s  the  requirements for ATCRBS
suppr ession , or when inh ib i ted  by an ATC RBS/ DAB S Al l—Cal l  lockout c o n d i t i o n .
Th e t r an s p o n d e r  s h a l l  not produce ci DABS A l l — C a l l  reply in response to a CW
t ransmission or ci s ingle pulse of long dura t ion  whose received amp litude
vir l i t  ion s  do not a p p r o x i m a t e  an A l l — C a l l  i n t e r roga t ion . The t ransponder
shal l  not produce a DABS A l l — C a l l  rep ly in response to a P 1— P 3 p a i r  alone .
To e l i c i t  an A l l — C a l l  r e p l y ,  the P 1

— P
3 

t r ansmiss ion  must be fo l lowed b y a
d i s t i n c t  P , pulse.  In  p a r t i c u lar , t h e r e  shall be no All—Call reply to a
t r a nsm i s s i~ n c o n t a i n i n g  a “ f i l l e d — i n ” P

3
—P 4 pulse , i . e . ,  a long P

3 
pulse. There

also  shal l  be no rep l y to a P
1
—P

3
—P
4 

t ransmiss ion  in which the du ra t i on  of P 4is  1.5 usec or more , or in w h t c h  the P4 pulse is disp laced from i ts assigned
1) 1) 5 i t  ion by more than 0.1 ;~sec

Note: The intent of this restriction on replies to wide P~ pulses is
to prevent DABS t ransponders  from replying to special ATCRflS interro-
gations wh i ch include a 1.6—usec P

4 
pulse f ollowing P3. Specifically,

when all conditions for reply are satisfied , a) there shall be an All—Call
rc-p lv if the  d u r a t i o n  of 1

4 
(designated W ) is within the limits specified

in 2.1.1 .3 , i.e., 0.7 < < 0.9 usec.; b~ there may be an All—Call reply
or no r ep ly  if 0.9 < < 1.5 itsec.; and c) there shall be no reply of
any type  if > 1.5 csec.

2 . 2 . 2 . 2 .1 Su~ pressIon . Suppression as described in FAA Selection Order
lO 1O .5 1A p a r a g r a p h  2 . 7 . 4  s h a l l  app ly  to the responses to ATCRBS/DAB S A l l — C a l l s .

2 . 2 . 2 . 3  DABS . The transponder shall reply (with probability specified in
2.2.2.4) ~o v a l i d  DABS—Only A l l—Cal l , Surveillance, Comm—A or (if so equipped)
Comm—C interrogations , wh ich are correctly addressed and within specified
limits of r ece ived  s ignal  amplitude , except when the transponder is in a
r ec ov ery  - - t a t e  f rom a p r i o r  DABS or ATCRB S reply. The transponder shall not
rep ly t o  - i  LIAR S interrogation whenever any one or combination of the following
con d i t  ions occur :

c i .  The decoded bits corresponding to the Address/Parity field contain
other than the transponder ’s unique discrete address , or — in the case
of a DABS—Only All—Call — if the decoded parity field contains other
than an all—zero sequence.

b. A lockout condition inhibits recognition of interrogations from auxiliary
I)AB S sensors.
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c .  An a l l — z e r o  address  in  a Surv el ll ;iiiu& - or Comm—A Interrogation indicates
that the int&-rrog;it ion is  a l)AB S Br oadcas t  t r a n s m i s s i o n  (fo r  which  no
rep ly is requested)

d . A [)ABS sidelobe—suppression (SLS) condition inhibits replies.

e. The Interrogation requests a Comm—I ) reply which the transponder is not
equipped to transmit.

The transponder shall not reply to a CW transmission or sing le pulse of long
d u r a t i o n  whose received amplitude variations do not approximate a DABS mode
interrogation . The transponder shall reply with a standard Surveillance reply
If the interrogation requests a Comm—B rep ly which  the t r ansponder  is not
equipped to transmit.

2.2.2.4 DABS Sensitivlty and Dynamic Rang~ . For any given interrogation
conditions , the minimum triggering level , or MTL , is defined as the minimum
i n p u t  power level for at least 90 per cent reply ratio . When referred to the
transponder RF port(s), the nominal value of MTL shall be —77 dBm , wi th a
tolerance range of ±3 dB for any combination of the following conditions :

Modes — DABS Surveillance, DABS—Only Al l—Ca ll , DABS
Comm—A , DABS Comm—C (If so equipped).

Interference — none.

SLS - P
5 

pulse  absent .

RF port — either (if diversity equipped).

Other — any Interrogation condition satisfying
these specifications .

Under these cond iti ons , the rep ly ratio shall be at least 90 percent for any
input power level between MTL and —24 dBtn, shall be at least 99 percent for
any inpu t  power level between (MTL +3 da) and —27 dBm , and shall not exceed
10 percen t f or any inpu t power level less than —83 dBm , referred to the
transponder RE port(s).

Note :  This DABS transponder standard allows for cabling and other
installation loss between antenna and transponder. The nominal
value of the installation loss is 3 dB. If a particular installation
requires excessive cable length , then an attemp t should be made to
employ low loss cable to prevent the loss from significantly exceeding
3 d B .

2.2.2.5 DABS SLS . The transponder shall not reply to DABS up link trans-
missions in which a sync phase reversal is not detected in the assigned interval.
When the received P

5 
pulse power is 6 dB or more below that of the data block ,

and for any other interrogation conditions according to 2.2.2.4, the reply ratio
shall be at least 90 percent for any interrogation power between —74 dBm and
—24 dB referred to the transponder RF port(s).
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2 . 2 . 2  . I~ In ter f e r e n c e  R€j~ict  Ion .

2 . 2 . 2 . 6 . 1  Presence of S t anda rd  interfering Pulse.  For all rece ived signal
li-vels between —71 dBm and —24 dBm (measured at the transponder RF port(s)),
and when all other reply conditions are satisfied , the transponder shall
r e p ly  to at least 95 l)t r(

~ -Y1 t of all DABS upl ink transmissions in the presence
of a standard interfering pulse (defined as a single 0.8—usec wid e pulse wi th
carrier t requenev of 1030 MHz ± 0.2 MHz, incoheren t with the DABS signal
carrier frequency and overlapping any part of the DABS transmission , except
that its leading edge shall occur no earlier than 0.5 tisec following the sync
phase reversal), with signal—to—interference ratio (defined as the ratio of
the peak amplitude of the DABS signal to the peak amplitude of the interfering
pulse) of 6 dB or more . Also , the transponder shall reply to at least 50 per-
cent of the DABS uplink transmissions when the signal—to—interference ratio
is 3 dB or more.

2 . 2 . 2 . 6 . 2  Pulse  Pair Interference. For all received signal levels between
-71 dBm and -24 dBm (measured at the transponder RF port(s)), and when all
other reply conditions are satisfied , the transponder shall reply to at least
90 percent of all DABS uplink transmissions in the presence of an interfering
P —P pulse pair with a carrier frequency of 1030 ± 0.2 MHz, incoheren t with
tIie ~ABS signal carrier frequency and overlapping any part of the DABS trans-
mission (except that the leading edge of the P

1 
interference pulse shall occur

no earlier than the leading edge of the P
1 

pulse of the DABS signal), and with
a signal—to—interference ratio of 9 dB or more.

2.2.2.6.3 Low Level A !~~
chronous Interference. For all received signal

levels between —68.0 dBm and —30.0 dBm (measured at the transponder RF port(s))
and when all other reply cond it ions are sa t isf ied , the transponder shall
ri-p ly correctly with at least 95 percent probability to DABS uplink trans-
missions in the presence of asynchronous interference consisting of single
0.8—user wide RF pulses with carrier frequency of 1030 MHz ± 0.2 MHz generated
at all repetition rates up to 10,000 Hz when the signal—to-interference ratio
is 12 dB or mor e. Und er these same condi tions , except that the interference
consists of P

1
— P

2 ATCRBS suppression pulse pairs (where the amplitude of
equals the amplitude of P1) generated at all repetition rates up to 10,

000 flz,
the DABS reply probability shall exceed 99 percent . When , under these same
conditions , the transponder Is locked out to ATCRBS and ATCRBS/DABS All—Call
in terrogations , the DABS reply probability shall exceed 99 percent in the
presence  of e i t h e r  s ing le pulses or suppression pulse pa i r s .

2 . 2 .2 . 7  Dead Time . After replying to an ATCRBS or DABS interrogation , the
t r ansponder  s h a l l  be capable of replying to a following ATCRBS or DABS interro-
gation whose P1 pul e is received at any signal level above MTL at least 125 gsec
follow ing the fransmission of the last pulse of the reply , provided the trans-
m itter duty cycle l imits of 2.2.5.2 are not violated .

Note : It is r ’~commended that the dead time be as low as possible to
maximize the transponder round reliability.
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2.2.2.8 Random Triggering Rate.

2.2.2.8.1 Unwanted DABS Replies. With the transponder adjusted to comply
with the provisions of 2.2.2.4, and in the absence of a valid interrogation ,
and when subject to the test conditions for audio frequency magnetic field
susceptibility associated with the applicable RTCA DO—l60 environmental
catego ries of the transponder , the random triggering rate of unwanted DABS
replies shall not be greater than one reply per five seconds averaged over a
period of at least 30 seconds, and the random triggering rate of false data
transfers over the Standard Message interface (see 2.2.10) shall not exceed one
per hour.

2.2.2.8.2 Squitter Rate. When Squitter transmissions are not locked out ,
the interval between successive Squitters shall be random with a nominal mean
value of one second and a standard deviation of 0.1 to 0.2 second . Squitter
transmissions shall be capable of being inhibited via the Squitter Inhibit
interface (see 2.2.8.4). Squitters shall be inhibited following the decoding
of an ATCRBS , an All—Call , or a correctly—addressed DABS interrogation until

~he completion of the corresponding reply. Squitter transmissions may be
suppressed during transponder suppression intervals controlled by other avionics
equipment in the aircraft. Squitter transmissions shall not be suppressed
during ATCRB S sidelobe suppression intervals.

2.2.3 Lockout Control. Replies to ATCRBS interrogations , replies to
ATCR.BS/DABS All—Call interrogations, and Squitters and replies to auxiliary
discrete—address interrogations shall be independently locked out (i.e., the
transponder shall be insensitive to such interrogations) upon receipt of an
interrogation with the appropriate code bits set, as described in 2.1.3.4.3.
Each lockout shall be cleared or unlocked independently of the others as
determined by the time elapsed since that lockout was last initiated (or
reinitiated).

2.2.3.1 ATCRBS Lockout Time—out Duration. The duration TAL of the ATCRBSlockout time—out shall be 16 ± 2 seconds.
2.2.3.2 DABS Lockout Time-out Duration. The duration TDL of the DABSlockout time—out shall be 16 ± 2 seconds.
2.2.3.3 Squitter Lockout Time—out Duration. The duration TSL of the

Squitter lockout time—out shall be 16 ± 2 seconds.
2.2.4 Recovery Times.

2.2.4.1 ATCRBS. All transponder recovery times related to ATCRBS interroga—
tions and replies shall be as prescribed in FAA Selection Order 1010.51A.

2.2.4.2 DABS.

2.2.4.2.1 Receiver Desensitization. Upon receipt of any pulse of more
than 0.7 Itsec duration , the transponder receiver shall be desensitized in
accordance with the provisions of FAA Selection Order 1O1O.51A , paragraph
2.7.7.1.
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2 . 2 . 4 . 2 . 2  Recove ry from a DABS Interrogation. Following receipt of a DABS
interrogation in which either the sync phase reversal is not detected (SLS
condition) or the address is not correct , or the data block is decoded , but
there is no reply for one of the reasons specified in 2.2.2.3 , the trans-
ponder shall recov er sens itivi ty af ter the end of the DAB S interrogation at
t he  rate prescribed for recovery times In FAA Selection Order 1O10.51A ,
pi r iC rap h 2.7.7.2.

2.2.4.2.3 Recoveiy f rom a Sing le Pulse. In the event that a P., pulse is
not received following a single pulse meeting the specifications tor a DABS
P
1 

pulse , the transponder shall recover sensitivity at the rate prescribed
for recovery times in FAA Selection Order 10l0.51A , paragraph 2.7.7.2.

2.2.4.2.4 Recovery from an ATCRBS Suppression Pair. When ATCRBS is not
locked out , ATCRBS suppression shall be in effect following the receipt of a

suppression pair. The transponder shall not generate ATCRBS replies or
suppressions in response to interrogations for which P

1 
is received dur ing  an

ATCRBS suppression interval. If a DABS data block is not received following
a P

1
—Pg pair , the transponder receiver may be desensitized in accordance with

2.2.4.2.1 and shall recover sensitivity at the rate prescribed for recovery
times in FAA Order 1010.51A , paragraph 2 . 7 . 7 . 2 .  ATCRB S suppression pairs
shall not otherwise interfere with the reception of DABS interrogations regard-
less of the ATCRBS lockout state of the transponder.

2.2.4.2.5 Recove ry From a Broadcast Transmission. After receipt of a broad -
cast transmission (2.1.3.2.5) the transponder shall recover sensitivity 128
tisec after receipt of the syn c phase reversal at the rate prescribed for
recovery times in FAA Selection order lOlO.5lA, paragraph 2.7.7.2.

2.2.5 Reply Rate Limiting.

2.2.5.1 ATCRBS Replies. ATCRBS reply rate limiting shall operate in
ac cordance wi th the provisions of paragraphs 2.7.10.1 and 2.7.10.3 of FAA
Selection Order lO10.51A.

2.2.5.2 DABS Rep lies. DABS All—Call and discrete replies may be included
along with ATCRBS replies as part of the total  reply count used to determine
the receiver sensitivity for ATCRBS reply rate limiting specified in 2.2.5.1.
It is permissible for the sensitivity r~ DABS All—Call and discrete address
t ransmissions to be reduced when ATCRBS reply rate limiting is in effect. If
the  ATCRB S reply rate limit is not exceeded and the provisions of 2.2.2.7 and
2.2.4.1 are not violated , the transponder shall be capable of replying to all
combina t ions of ATCRBS and DABS uplink transmissions for which the resulting
transmitter duty cycle is no greater than 2.0 per cent , averaged over a 10-ms
period . (If the transponder includes optional ELM capabi l i ty , the duty  cycle
requirements are increased as indicated in 2.2.6.4.)

2.2.5.3 Squitters. Squitters may be included as part of the total reply
count used for ATCRBS reply rate limiting. The Squitter rate shall not be
affec ted by reply rate limiting.

2.2.6 RF Characteristics.

2.2.6.1 Power Output. The transponder power output , measured at the
transponder RF port(s), shall be 27 + 3 dBW for all pulses of all required
replies f or any l oad impedance at the RF port(s) with a VSWR of 1.3:1 or less.
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Note: This standard allows for cabling and other installation loss
between transponder and antenna. The nominal value of the installa-
tion loss is 3 dB . If a particular installation requires excessive
cable length , then an attemp t should be made to employ low loss cable
to prevent the loss from significantly exceeding 3 dB.

2.2.6.2 Frequen_çy~ The frequency of all reply transmissions shall be
1090 ± 3 MHz for any load impedance at the RF port(s) with a VSWR of 1.3:1 or
less.

Note: Care must be exercised when installing the antenna(s) and antenna
cabl ing in the aircraft so that the voltage standing wave ratio (VSWR ) as
seen by the transponder R.F port(s) is minimized . DAB S sensors rely on
monopulse angle processing to determine the off—boresight angle of each
target (both DABS and ATCRBS). The accuracy of the monopulse processor
may be degraded if the carrier frequency of the transponder repl y falls
outside the specified frequency band . The carrier frequency of the
t ransponder t ransmit ter  may be pulled out of the allowed frequency band
if the VSWR at the RF port exceeds 1.3:1.

2.2.6.3 DABS Peak Reply Rate. At least once every four seconds , the
transponder shall be capable of transmitting six short (56—bit), or , if
equipped with the capability to generate them, three long (112—bit) DABS
replies in each of five consecutive ten—millisecond intervals.

2.2.6.4 Extended Length Message (ELM) Transmiasions. Within a single
30—msec perioa, corresponding to a typical interrogator antenna dwell time,
a transponder with optional ELM capability shall be capable of transmitting
a minimum of forty Comm—D (112—bit) replies , arbitrarily spaced in the 30—msec
period , except that no more than twenty replies shall be required within any
4—msec aubperiod .

2.2.7 Controls and Indicators.

2.2.7.1 Controls Required. Means shall be provided for manual control of
the following functions in the cockpit :

a. Selection of the 4096 ATCRBS codes.

b. Setting the FR bit in DABS replies.

2.2.7.2 Indicators/Displays Required. Means shall be provided for indicating
the following in the cockpit :

a. That the transponder has replied to a Surveillance , Comm—A , or Comm—C
interrogation from a standard DABS sensor (IT’ l) within the last 16
seconds.
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Note: rids DABS contact indicator shall be activated (or reactivated)
upon reply ing to a properly addressed DABS interrogation , and shall
rema in activated for 16 seconds following the interrogation . It shall
not be activated upon receipt of an All—Call interrogation or an inter-
rogation from an auxiliary DABS sensor.

b. The contents of the AE field .

~~~~~ This disp lay shal l  be activated upon receipt of a properly—addressed
DABS intcrrog .tion containing an AE code. The display shall be updated
by each succeed ing valid DABS interrogation containing an AE code. The
AE control and coding algorithms shall be as specified in 2.1.3.4.3.12.
I)ecoding and display for altitudes above aircraft ceiling are not mandatory .
The display shall be blanked upon loss of DABS contac t (see above) or
upon r ece ip t  of b ina ry  code 1111 in b i t  pos i t ions  21 through 24.

2 . 2 . 8  Code In t e r f a c e s .

2 .2 . 8~~~~~~~ ress_Code. A means shall  be provided fo r  semi—permanent s e tt i n g
of the address  code w i t h o u t  opening the transponder case.

Note: Th e use of a plug—in connector configured with 24 jur r wires ,
the removal of any of which sets the corresponding bit in the address ,
represents one acceptable Implementation . It is preferable that the
means for setting the address code be associated with the installation
mounting configuration , so that a change of transponder will not require
f u r t h e r  action to reset the  address code .

2 .2 .8 . 1.1 ~~ g~ii s it i o n_Address Code. A means shall be provided for semiper-
manent setting of the variable acquisition address code (2.1.3.2.1.2) without
opening the transponder case.

2 . 2 . 8 . 2  P r e s s u r e — A l tI t u d e  Code . A means shall be provided for entering
the 12—bit pressure—altitude code (specified in FAA Selection Order l01O.S1A)
into the transponder for inclusion in ATCRB S and DABS replies .

2 . 2 . 8 . 3 M a x i m u m A i r s~peed Code. A means shall be provided for  semi-pe rmanent
s e t t i n g  of t he  maximum a i r speed  code wi thou t  opening the transponder case .

Note: It is preferable that the means for setting the code be associated
w i t h  the i n s t a l l a t i o n  mount ing c o n f i g u r at i o n , so that a change of  trans-
ponder will not require further action to reset the code.

2.2.8.4~~~~jtter_Inhibit. A means shall be provided for accepting an external
signal to inhibit Squitter transmissions .

2.2.9 Unavailable Data. If a reply is transmitted containing one or more
data field s for which there is no available data input device , or for which
there is an Input device with no data to transmit , the transmitted data field(s)
shall consist of all zeros.
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2.2.10 Standard Messaj~ (SM) Interface. The SM interface shall provide a
“party line ” type serial connection to and from data input and output devices
which may be attached to the transponder. Several devices can be connected
in this maimer to the same I/O bus. After a DABS up link transmission has been
received and verified , all data except the Address/Parity field of the trans-
mission shall be shitted out from the SM interface to peripheral devices. This
process shail be completed before the transponder downlink transmission begins.
At the time of the downlink transmission , data , if available , shall be shifted
in on the data itne tor direct insertion into that transmission . Two lines shall
be used to accomplish these data shifts; the data line , operating serially in
either direction and the clock line , which provides the necessary timing.
Activity on the SM I n t e n s e  shall occur only during the interrogation—reply
cycle of the transpotid~.r . I t  shall begin when the first clock pulse appears
on the clock line and terminate after the last clock pulse has been sent out
by the transponder.

Note: The DABS system includes bidirectional data link capability.
All data sent to and from the transponder fall into two classes:

I. Data which have direct influence on subsequent and immediate
transponder reaction.

2. Data which pass through the transponder in either direction with-
out affecting the interrogation—reply protocol.

Both classes of data shall appear at the terminals of the Standard
Message (SM) interface. I/O devices connected to this interface can
extract and/or supply information as needed. Although the SM interface
speci fied in this section is capable of handling only DABS data formats ,
the interface can be configured optionally to handle ATCRBS formats as
well. Most ATC—related messages can be accommodated by the SM interface;
however , an additional Extended—Length—Message (ELM) interface option ,
designed to permit efficient handling of longer messages, may be
used in more sophisticated airborne installations.

2.2.10.1 Data Line. The data line shall be a differential data transmission
med ium. Line levels and impedances shall be equivalent to those generated
b y a d i f fe ren t i a l  tn —state  line driver.  The line shall operate in three states:
HIGH , 1.0W and OFF , to permit control by either the transponder or the I/O devices.
A high , or more positive voltage on the “true” wire and a low, or less positive
voltage on the “complement” wire shall be interpreted as a logical “one” or HIGH
state . A low , or less positive voltage on the “true” wire and a high , or more
positive voltage on the “complement ” wire shall be interpreted as a logical
“zero” or LOW state. In the high impedance or OFF state , both wires shall be
terminated in high impedances , allowing other devices to control the line.
The transponder shall bias the line so that when all the line drivers connected
to the line are in the OFF state , all line receivers detect a LOW condition.
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2.2.10.2 Clock Line . The clock line shall be a differential line carrying
the timing pulses for reference in data transmission . Line levels and impe-
dances shall be identical to those of the data line except that the OFF state
is not used . The signal on the clock line shall consist of a Qualifier (Q)
pulse followed by a series of strobe pulses occurring at the downlink trans-
mission rate appropr iat . t the reply transmission . The Q pulse generated on
receipt of a DABS interrogation shall be identical to the following strobe
pu l ses , except  t h a t  no data  b i t  is coincident w i t h  i t .

Note : For optional ATCRBS SM implementation the Q pulses  can have
longer dura t ion as described in Section 3.

2.2.10.3 Strobing . The strobe pulses shall be symmetrical , i.e., the
pulses sha l l  have equal on and off times. Data on the data line shaU be
positioned in such a manner that the trailing edge of each strobe pulse occurs
at the center of a data chip . (A chip is the time interval in which the value
of the  b i t  occurs on the data  l i n e . )

2 . 2 . 1 0 . 4  Interface Initiation. Action at the SM interface shall be
initiated with the beginning of the first pulse on the clock line . The first
clock pulse shall start 34 ~isec after the sync phase reversal or the leading
edge of P

4 
if the transponder has recognized a valid DABS interrogation for

w h i c h  a reply  is required . The SM interface shall not be initiated by a
Comm—C interrogation .

2.2.10.5 Time and Level Assignments. When the interface is not active ,
the clock line shall be held LOW and the data line shall be left in the OFF
state.

2 .2 .10 . 6 DABS Transactions.  A f t e r  receipt and ver i f ica t ion  of a DABS
interrogation , the data content of the interrogation shall be shifted out
from the SM interface to the peripheral devices. At the time of the down—
l ink transmission , data shall be shifted in on the data line two clock per iods
be fore ac tual t ransmi ssion to permi t proper t iming in the transponder . The
t iming diagran of Fig. 2.2.10—1 and the event timing of Table 2.2.10—1 shall
apply.

2.2.10.7 Timing Conven tion.

Note: For DABS transactions , events in the transponder are referred to
the t ime of the sync phase reversal in the DABS data block . All events
on the SM Interface are referred to the beginning of the first strobe
pulse on the clock line . As illustrated in Fig. 2.2.10—2 , t~ is defined
as the instant at which the nth strobe upstroke occurs after the begin-
ning of the clock cycle . The time at the beginning upstroke is t . The
data are strobed at the downstroke of each strobe pulse on the cl8ck line .
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Table 2.2.10-1. Relationship Between Uplink/Downlink Timing and
SM Interface Timing.

Time From Sync Time From
Phase Reversal Clock Start

Event (~sec) (iisec)

Start , up link preamble —4 —

Sync phase reversal or P4 upstroke 0 —

End , 56—bit uplink 14.5 —

End , 112—bit uplink 28.5 —

Start , SM clock 34 0

Start , SM data or All—Call
artificial data out 35 1

End , 32—bit data out 67 33

End , 88—bit data or All—Call
artificial data out 123 89

Start , TO signal 127 93

Start , downlink preamble 128 94

Star t , SM data in 134 100

Start , downlink data 136 102

End , 32—bit data in 166 132

End , 56—bit downlink 192 158

End , 88—bit data in 222 188

End , 112—bit downlink 248 214

Stop, SM clock 248 214
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F I g .  2.2.10—2. Clock Line Waveform for DABS Transactions .

2 .2 . 1 0.8 ~p1ink Da ta Trans fe r . In the SM clock time in te rva l  between t o
and t , the data line shall remain off. Beginning at t 1,  the comp lete informa-
t ion ~onten t  of the up l ink  t ransmiss ion , s t a r t i n g  w it r ~ ~ i t  1 and ending w i t h
the last bit before the Address/Parity field , shall be impressed on the data
l ine . The da ta  l ine shall  remain in the s ta te  (HIGH or LOW ) of the f i r s t  u p l i n k
information bit from t

1 
to t 2 

and then shall assume the state of the next bit
in the t ime between t

2 
and t , etc. The data shall be strobed at the midpoint

of each data chip. For an A~CRBS/DABS All—Call interrogation , the transponder
shall ma in tain the da ta line at a h igh leve l be tween t 1 and t, and at a low
level between t and t , thereby simulating a DABS—Only All—Call interrogation.
For a Comm—A in~ erroga~?on , the data transfer shall terminate at t~ 9. If a
Surveillance interrogation is received , meaningf ul da ta end a t t.~3

’
~ in this

case , the transponder shall generate an OFF state signal on the data line
be tween t 33 and t 89 .

2.2.1O.9 Downl lnk Data Trans fe r .  Beginning at t8~ , 
the tran sponder shall

rel inquish control of the data line by setting the line into its OFF state.
At t

9 , 
the transponder begins the downlink transmission . Downlink data

t r a n sf e r  on the wirelink shall begin at t 10~~. Data bits , i f  available ,
shall be transferred to the transponder 2 u~ ec be fore they are to be transmitted
to provide margin for proper synchronization. The transponder shall assemble
the downl in k  data stream from the data generated internally and from information
supplied by the data line . The t ransponder  shall accept down l ink b i t  values
f o r  all bits which are not generated internally, including those bits designa ted
as spares in the DABS reply formats. When no In terface  device is ac ti ve , these
spare bits shall be transmitted as zeros.

Note : Each input device contributes only the bit or bits which it is
designed to handle by holding the data line either HIGH or LOW during
the assigned time- slot , and leaving the data line OFF at all other times.
The I/O devices are addressed by upi ink content or interrogation protocol
so that only one devi ce can occupy the data channel at a time during
the transmission of a Comm—B message .
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2 . 2 I O L t I biliçy Rep~ort1~~~. Upon receipt of an All—Call
i n t c r t  ~~t ioL , each a c t i v e  p e r i p h e r a l  device  w i l l  repor t  i t s  presence by
i n j e c t i n g  the  a p p r o p r i a t e  code b i t s  i n t o  the  down l ink t ransmiss ion . A v a l i d
A l l - C i l l  can be r e c e i v e d  e ithe r as in ATCRBS /DABS or as a DABS —On ly i n t e r r o g a t i o n .
The SM inter la c e shall transfer an uplink data block , either artifically gene—
r i t -d as d e s cr i b e d  J.n 2 . 2 . 1 0 . 8 , or as actuall y rece ived and shifted out as
d e s c r i b e d  in Table  2 . 2 . 1 0 — 1  and F i g .  2 . 2 . 10 — 1 .  (The f i r s t  two b i t s  (F and L)
of t h i s  d a ta  b lock  w i l l  be 10; t he  p a t t e r n  Is unique for All—Call.)

N t c :  A l l  I/O  dcvic~~s w i l l  recognize  th i s  p a t t e r n  and any given I/ O
devic e will indicate its presence by holding the data line HIGH at
i t s  a s s ign e d  t ime s l o t  be tween ~ 2 

and t
108 . Of the six available

slots , f ive w i l l  be assigned to most used I/ O devices .  A l l  o t h e r
I / O  devices w i l l  set the s i x t h  b i t  ( b i t  8 of the  A l l — C a l l  rep ly) , t h e i r
id e ntit y then will be reported via Comm—B upon specific interrogation
is de s c r i b e d  in Section 3. A d i sconnec ted  or m a l f u n c t i o n ing p e r i p h e r a l

d e v i c e  w i l l  not r epor t  I t s  presence and 1/0 device i n s t a l l a t i o n  changes
can be made w i t h o u t  d i s t u r b i n g  the  t r ansponde r .

2.2 .10.11 i : The Re~~ \ T ake Over Si gnal. I f  the  t r ansponder  de tec t s
a HIGH on the dat i line from t 9 to t

100 , it shall assemble the downlink
transmis sion entirely from the ~~a t i  p resented  on the  da ta  l i ne  beg inn ing
at t 100 .

Note : The TO s ignal  is generated by I/O devices.  This mechanism
pr ovides a flexible growth capability for generating DABS reply patterns
w h i c h  ar e  not currentl y programmed into the internal circuitry of the
transponder. On receipt o any interrogation pattern which  con ta ins  the
corr ect address , a transponder will always reply unless the interro—

~- i t i o n  is ot the  Comm—C t y p e . Special  i n t e r r o g a t i o n  p a t t e r n s  to be
Imp lemented l i t e r , may r e q u i r e  special  repl y f o r m a t s .  R e t r o f i t  of
an 1/0 device w h i c h  recognizes the special  pattern will result in
the  “ t ake  over ” . The new des i red  reply t y p e  w i l l  be sent ins tead
ot the standard rep l y .  I t  is unders tood tha t  the new rep ly type
w i l ’  be uni quel y ‘d e n ti f i e d .

1 . 2 .  10.12 I l e r i n c e s . A summary of t o l e r a n c e s  f o r  the  s e r i a l  ~M i n t e r —
fa ct  is g i v e n  in T a b l e  2 . 2 .  1 0 — 2 .

Table 2 . 2 . 1 0— 2 .  SM I n t e r f a c e  ft l e r i u es fo r  DABS Func t ions .

Reference Item Tolerance

Fig. 2.2.10—1 ~M C l o c k  S t a r t  -4- 0.15 ij sec

Strobe Pulse Clock Rate Derived from downlink
clock 01 transponder.

c l o c k / D a t a  Skew + 0.15 usec

TO S i g n a l  Start + 0.15 ~isec

?~ 3



3. G l ’ I O A N t E M A T E R I A l .  RE LATE I )  TO THE DISCRETE AD DRE SS B EACU N SYSTEM

3 . 1  
- 

)j t t l o n a l  A d d i t i o n  t o  t h e  ~~1 Interlace O~ t ’r ,iL ion. The SM i n t e r f a c e
can  be ~‘t ’ r a ted  in such a manner  t ha t  the t ransponder  becomes t r a n s p a r e n t
t o  ATCRBS si gnals. It is t h e n  poss ible  to  cons ider  the  SM i n t e r f a c e  c lock

tid lat i l i n e s  as a u n i v e r s a l  1/0 bus w h i c h  can hand le  the  4096 code and
u t  itud t - d i g i t i z e r  d a ta  In se r ia l  f o r m .

1. 1 .1 A f(;RBs Transactions. Upon receipt 01 a va l id  AT CRBS i n t e r r o g a t i o n ,
the transponder will generate a Q pulse on the clock line . The Q pu l se  is
f o l l o w e d  by 17 s t r o b e  pulses  genera ted  at  the pu l se  r a t e  of t h e  downl ink
t r a n s m i s s i o n . These s t robe  p u l s e s  a re  used to clock the  ATCRBS r ep ly  code
into the transponder via tin’ data line . To p e r m i t  proper  t i m i n g  w i t h i n  t he
transponder , the d a t a at the interface occur one strobe period before down—
l i n k  t r a n s m i s s i o n . i c r  ATCRBS/DABS A l l — C a l l  t r n ~~sact ions , w h i c h  involve an
ATCRBS— l Ik e  i n t e r r o g a t i o n  i-nd a DABS rep ly , the  6—ij sec Q pulse is fo l lowed  at
t ime P + 34 is& ’c by a O.5— ii sec  DABS Q pulse and 213 s t robe  pulses  w h i c h
s h i f t  ~ut d a t a  m t  t h e  SM i n t e r f a c e  as i f  a DABS u p l i n k  were  r e c e i v e d .
The ou tbound  d a t a  are generated internally by the transponder to simu late a
D A B S — o n l y  A l l — C a l l  i n t e r r o g a t i o n . The formats  of these pulse t r a i n s  are
s p e c i t i e d  in  Table 3 .1—1 and i l l u s t r a t e d  in F ig .  3.1—1 . I t  should  be noted
t h a t  or Mod ’ C o p e r a t i o n , t he  t r a i l i n g  edge of the Q pulse coincides with the
l e ad ing  edge of the f i r s t  s t r o b e  pu l se .

3.l. 2 Tolerani- es . ,\ surmnarv of to le rances  f o r  the  ATCR B S f u n c t i o n s  cl the
SM interface is g iven in Table 3.1—2.

3.2 Diversit~~~ peratIon . A transponder with optiona l diversity capability
shall have two RF orts , permitting two separatel y—l ocated antennas to be
s i m u l t a n e o u s l y  connec ted  to tho t r a n s p o n d e r .

3 . 2 .  1 
- 
Diver s it y Ant cnna S w i t cli in ~~. Selec t ion  of the  a nt e n n  u sha l l  be

a u t o m a t i c . Th e t r a n sp o n d e r  sha l l  select  one of the  two an tennas  on the  bas i s
of t h e  r e l a t i v e  s t r en g t h s  of t h e  de tec ted  i n t e r r o g a t i o n  si gnals , p rov ided
both channels simultaneously receive a valid interrogation or pulse p ai r.
Ant enna selection and s w i t c h i n g  may occur a f t e r  the rece i p t  of: a. The P

3 
pulse

of  a P
1
—P .~ pulse pair , indicating an ATCRBS or ATCRBS /I )ABS A l l — C a l l  I n t e r roga -

t ion , or ~~ . the  P~ pulse of a P
1
—P
2 

pulse pair , i n d i c a t i n g  a p o s s i b l e  DABS
preambl e , or - . A c o m p let e , e r r o r — f r e e  I)ABS interrogation .

The s e l e c t e d  a n t e n n a  shall  be used I c r  t r ansmiss ion  ol  the  DABS r ATCRBS
repl y and ( i f  n&-ci-ss ary) b r  reception of the remainder of the interrogation .

3 .  2 .2 
- ~ ..- it h i ,i~ 1 h r t ’— ,l io ld.  The t ransponder  shal l  n o m i n a l l y  select the

a n t e n n a  c o n n e c t e d  to  t h e  RI- ’ por t  h i v i n g  the s t r o n g e r  P si gnal. To allow for
for unbalance In the - h a r a c t u - r i s t i c s  of th ’~ two channe l s , a t r a n s i t i on  zone is
permitt ed , is  indic ated In Fig. 3.2— 1 , In w h i c h  either antenna may be selected .
F ir  example , II t h e  receiv ed power at t i c  RF port having the larger P

1
signal Is -60 dhim or less , the RF por t  h a v i n g  the  larger  s i gnal shal l  be
selected I f  the larger signal exceeds  the smaller by 3 dB or more .
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Fig. 3.1—1. SM Interface Timing Diagram for ATCR BS Type Transacti3ns.
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Table 3.1—2 . SM Interface Tolerances for ATCRBS Functions.

Reference Item Tolerance

Table 3.1— 1 Clock Q pulse

Start + 0.15 , —O usec.

End , ATCRBS A ± 0.1 isec.

End , ATCRBS C Identical to upstroke of first
strobe pulse.

Strobe Pulse Clock Rate Identical to downlink clock of
transponder.

C’ock/Data Skew ± 0.15 usec .

Clock Q Pulse End , All—Call + 3, —1 mi sec.

Simulated Data Block Start ±0.15 osec.

3 .2 .3  Received Signal Delay Tolerance. Amp litude comparison shall control
the antenna selection only when the t imes of arrival (at the transponder
antennas) of the two received signals differ by less than 0.25 psec . If one
antenna receives a valid pulse pair or interrogation 0.25 isec or more in
advance of the other antenna , the antenna receiving the early signal shall
be selected regardless of relative signal strength.

3.2 .’e Reply Dela~~ in the Diversitjr Mode . At any fixed input signal level ,
the average vilue of the reply delay when RF port No. 2 is selected and the
average value of the reply delay when RF port No. 1 is selected shall differ
by no more than 0.1 is as measured at the transponder RF ports.

3 . 2 . 5  na S e l e c ti o n  for  Sq~ itter Transmissions. Sqult ter trans-
missions shall alternate between the two RF ports of the diversity transponder.

3.2.6 Diversity Channel Isolation. The isolation between the two RF
t ransmitter channels shall be such that the power transmitted from the selected
RF port exceeds the power transmitted from the port not selected by at least
20 dB.
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3. Altitude Echo .

In each S u r v e i l l a n c e  and Comm—A interrogation , the Surveillance Data (SD)
field normally c o n t a i n s  an Altitude Echo (AE), which is the most recently
reported va lue  of the aircraft ’s altitude (adjusted for local barometric
p r e s s u r e ’ by the  sensor p r i o r  to retransmission to aircraft fly ing below
trans ition level). The AE display provides the pilot with a complete loop check
on t h e  accuracy of this altitude report. The continuous availability of this
check is required to enhance reliability in an automated ATC system when
a u t o m , i t i c ’  a l t i t u d e  r e p o r t i n g  is used fo r  separa t ion  assurance for  VFR a i r c r a f t ,
as t he r e  Is  n o r m a l l y no other link between VFR aircraft and the ground control
sY s tem to pr ov i d e  pe r iod ic  accuracy  v a l i d a t i o n  of the  a l t i t u d e  repor t s .

3 . 4  
- 

T r . un s p o i i d e r  S e l f — T e s t  a~~~~12~~ tor

If self—test and/or monitor devices are installed and used in aircraft to
indicate normal or faulty operation , care should be exerc ised to min im i ze an y
interference to the system t h a t  may r e s u l t .  The du ra t ion  of the tes t  mode
should be an absolute minimum and limited to that required by the pilot to
determine the transponder status . To minimize suppression of rep lies to
ground interrogations , the test si gnal interrogation rate and level should be
the lowest practicable for test.

3.5 Inde2endent Protocols. This section describes the coding and operationa l
use of certain up link and downlink data which have no direct effect on trans-
ponder operation . All of the codes described herein are employed in experi-
mental systems and therefore it is recommended that these codes not be used
for other purposes.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A special procedure is used for
p ilot acknowledgement of ground—to—air messages. Action is ground initiated
by transmission of bit 33 (AR), together with the address of the device (see
3.5.3) associa ted with the requested acknowledgement , in an up link Corn—A
interrogation . On recei p t of this bit , two reply bu ttons are armed , the
a rmed s t a t e  being signaled to the pilot by appropriate flashing indicators
or an audible signal. This indicates the request for acknowledgement. The
p ilot ’s response is expressed by actuating one of the two acknowledgement
button s associated with the addressed device . The button which is selected
by the pilot inserts an appropriate message bit into a subsequent downlink
transmission , ca uses the arming indicator associated with the other button
to be turned off , and changes the arming ind icator associated with the
selected button to a steady indication . The acknowledgement message transmitted
to the ground Is handled In one of two ways. The “principal ” I/O device
acknowledges via the short Surveillance formats. All other devices require
Comm—B reply capability for acknowledgement . For the principal I/O device ,
bits 14 and 15 of the Surveillance and Corn—B reply formats are used; other
i/O devices use the procedure described in 3.5.6.4. On receipt of the pilot ’s
response , the ground closes out the transaction In a subsequent interrogation
by transmitting CP (for a PB acknowledgement) or by the standard Corn—B close-
out procedure described in 3.5.6.2 (for a Corn—B acknowledgement). Closing
out the transaction extinguishes the remaining indicator. As goon as the pilot
has acknowledged , the acknowledgement sequence can be reinitiated by the ground
without closing out the previous sequence.
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c- 3 . 5 . 2  P i l o t  Tc’ .t h’ r o t o co l .  This  is an air—initiated conununications sequence
intended to test proper operation of cert ain I/O devices. The pilot is provided
w ith a push button w h i c h  sets both bits 14 and 15 in Surveillance and Comm—B
replies. Upon receipt of this signal , the gr ound generates an agreed—upon
sequence of test patterns for one or more I/O devices. The test sequence is
followed by the transmission of bit 33 as described in 3.5.1. The pilot
acknowledgement protocol (see 3.5.1) is used to verif y proper opera tion of the
data link and I/O devices.

3 .5 .3 U~ 1ink Message F1eld (~~ ). The MA field i Ludes bits 33 through 88
in the Comm—A interrogation f o r m a t .  Bit 33 is used for AR as described in
3.5 .1 .  B i t s  34 th rough  ‘sO are used to address the various I/O devices or
m u l t i p le f u n c t i o n s  assoc ia ted  with a given  1/0 devIce.  Al l  addrc  ses In the
fol low ing l ist are assi gned to ex isti ng exper imen tal func t ions : 111 0001 ,
111 0010 , 111 0011 , 111 0100 , Ill 0101 .

3.5.4 Surveillance Data (Sj~) . The field is formed by bits 17 through 32in both the Surveillance and Comm—A interrogation formats. Bits 17 through
20 define the device or function which is addressed . For these four bits ,
the following codes are assigned : 0000, for AE; lxxx (i.e., al l  codes
beg inning with 1), for experimental data functions; and 0010, for air—to—air
Interroga tions.

3 .5 .5  Rep ly Length and Mess~ &e Source jRL, RS). RL , bit 9 in Surveillance
and Corn—A interrogations , determines the length of the reply which the trans-
ponder must generate. RS (bits 10 through 13) defines the message source
which is required to provide the data for the reply. When RL”O . i.e., a
short reply is commanded , then RS is also used to modify the meaning of the
content of the first 32 bits of the downlink transmission as follows :

RL—O , RS—0000 : An Unsynchronized Surveillance reply is requested .

RL— 0, RS~00OO : A Special Surveillance reply is requested .

RL—0, RS—0001 or 0010: Reserved for air—to—air interrogations.

The remaining codes can be used for special purposes and in connection with
the TO signa l described in 2.2.10.11. The use of RS in conjunction with RL 1
is descr ibed in 3.5.6.

3.5.6 The Comm—B Protocol. The Comm—B protocol describes the orderly sequen—
ces followed in downlink (Comm—B) message transmission. Downlink messages are
contained in the MB field , bits 33 through 88 in the Corn—B reply , see Fig.
2.1.3-1. Downllnk message transactions can be ground initiated or air initiated .

3.5.6.1 ;round I n i ti at e d  comm-B Se~ uence.  Transmitting RL 1 (bit 9) in an
interrogation from the ground requires a long reply from the transponder.
Together with this RL command , a code is transmitted in the RS (10 to 13)
field which designates the source which Is to supply the data for inclusion
into the Corn—B downlink field . Both RL and RS appear at the SM interface
and are interpreted by suitable I/O devices which then insert the data as
needed . If RL—l , RS is assigned as follows :
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RS=0000 designates a message previously initiated by the pilot ,
see 3.5.6.2.

RS=000l designates a message containing the description of on—board
DABS e q u i p m e n t , see automatic extended capability reporting ,
3.5 . 6 .3 .

RS OO1O used for experimental flight status reporting equipment .

3.5 .6.2 Air Initiated Comm-B ~!~j uence .  Af ter a message has been as sembled
in the aircraft , the transmission sequence is initiated by setting bi t 16 (B)
in a Surveillance or Comm—B reply. The ground then interrogates with RL— l ,
RS=0000 to extract the message . The first four bits in the MB message field
i d e n t i t y  the source of the message . This 4—bit field is designated Down
Sour ce (DS) and use s b its 33 throug h 36. The following codes have been assigned :

DS—0000 un ive r sa l  acknowledgement channel

DS—0001 extended capability report

DS OO1O f l i g ht status report.

A f t e r  r ece ip t  of the message , the ground clears the B bit and concludes the
Comm—B transaction by transmitting bit 15 (CB) in a Surveillance or Comm—B
interrogation .

3.5.6.3ji~~~~~~~ Extended Capabi1i~y Reportin.~~ Any I/O device which cannot
report its presence directly In an All—Call reply (see 2.2.10.10) will do so in a
ded icated Corn—B transmission . Receipt of Rs=000l (see 3.5.6.1) is recognized by
all I/O devices affected and any such device indicates its presence by setting
the data line hi gh at its assigned time slot. The time slots assigned begin
at t 40 ’ none have been assigned so far. At all other t imes during that repl y,
I / O  ~evi ces will hold the data line in its high impedance ~te (see 2.2.10.9).

3.5.6.4 Un iversal Acknowled &ernent Channel. The universal acknowled gement
channel provides a protocol similar to the one described In 3.5.1 for i/O
devices other than the principal I/O device. The acknowledgement data are
transm itted in a Comm—B message with DS’OOOO . A location in the MB field
for a pair of acknowled gement bits is assigned to each I/O device with
acknowled gement capability, and each such I/O device inserts its acknowledge-
ment hits at the time assigned to it. Bits 41 and 42 are assigned to the ATC
message display . If the ground has requested an acknowledgement by sending
the AR (33) bit , the pilot actuates one of the two acknowledgement buttons
is~, , c i a t e d  w i t h  the app rop r i at e  i /O device . This condition automatically sets
into motion the air—initiated Comm—B sequence described in 3.5.6.2 and 3.5.6.5.
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3.5.6.5 B—Bi t Priority Protocol. On receipt of the B bit , the ground
interrogates with RL— l, RS—0000 to extract the waiting message . Several such
messages from several sources may be waiting, but the simultaneous operation
ot message sources must be prevented . Any message source which has a message
wa iting to be transmitted inserts the B bit into all downlink transmissions ,
i . e . , the B bit outputs of all sources are effectivel y OR—ed.

Priority intercommunication between I/O devices takes place on the data line
(2.2.10.1). Each message generating device has a 1 ~isec (1 count) time slot
assigned to it between t185 and t~,11 . If a source has a message to transmit ,
it inserts the B bit into ~he next downlink transmission and then probes its
own assigned time slot. If this slot is found “low” the source “locks on” by
pulling up the data line immediately for the rest of the cycle and pulling
up the da ta line beg inning at t~ 8~ in all subsequent cycles. All other probing
message sources are thereby kept Irom locking on. On receipt of the RL 1/
RS—0000 authorization to transmit , the waiting message from the locked—on
source will be transmitted . The lock—on condition for this source remains
it~ force until after the message has been transmitted and is released only
upon receipt of CB (2.1.3.4.3.10) to permit other message sources to lock on
in order of their priority position .

The f irs t pr ior i ty slo t , ~ 8’ is assigned to all I/O devices which havean acknowledgement function ~~.5.6.4).
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