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PREFACE
.

The Provisional Signal Formats for the Discrete Address Beacon

. System have been described in Ref. [1]. The DABS transponder serves not

only as a surveillance transceiver but also as a communications modem.

Surveillance-related digital processing tikes place within the transponder

proper, while communications data are transferred between the transponder

and associated input/output devices.

This document is intended to define the electrical characteristics of

the transponder data interfaces in sufficient detail to allow transponder and

input/output device design efforts to proceed independently. TWO interfaces

exist; the Standard Message interface, designed mainly for flight-related com-

munications; and Extended Length Message interface, which provides an EIA

Standard RS- 232C [z] connection to available 1/0 devices for the handling of

etiended length messages.
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SECTION I

INTRODUCTION/SUMMARY

1.1 GENERAL

The transponder interfaces described here are intended to serve as a

universal electrical connection between the transponder and the data input or

output devices that are connected to it.

1.2 INTERFACE TYPES AND USES

Options for 1/0 devices associated with a DABS transponder range

from a minimum of an IPC/PWI display to full Extended Length Message

(ELM) handling equipment. The interface design reflects this flexibility.

The Standard Message (SM) Interface is designed to handle single segment

messages, either Comm-A alone, or both Comm-A and Comm-B. (Comm A

is a ground-to-air communication transmission which includes a 56-bit com-

munication message field; Comm-B is a similar transmission used in the air-

to-ground communications [I]). The SM Interface is standard for all trans-

ponders and is capable of handling most AT C-related messages. In addition,

transponders may be equipped with an Extended Length Message (ELM) Inter-

face which can handle extended length messages and provides a standard 1/0

interface for available data terminals. Figure 1 illustrates the interface c&n-

figuration.

1.3 SM INTERFACE

The SM Interface provides a “party line” type serial connection to and

from data input and output devices which may be attached to the transponder.

This line, designated the wire link, can also serve as an interface for ALEC

readout and pilot acknowledgment.



Fig. 1. DABS transponder data interfaces.
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The interface employs a

serially in either direction at a

pair of lines; the data line, which operates

1 Mb/see rate, and the clock line, which is

used to synchronize transactions.

The itiormation content of the DABS uplink transmission is trans-

ferred to the 1/0 devices before the downlink transmission begins. During

the DABS downlink transmission, information is transferred from the 1/0

devices to the transponder for inclusion in the reply.

1.4 ELM INTERFACE

1.4, 1 Uplink Transmissions

A transponder equipped for Extended Length Message operation will

be capable of receiving, verifying, storing, and acknowledging an uplink ELM

transmission. Following receipt of the entire ELM (as determined by the

protocol described in Ref. [1]), the transponder transfers the entire ELM to an

1/0 device connected to the ELM interface. This transfer employs an uplink

transfer clock line and an uplink data line to shift out serial binary data.

1. 4.2 Downlink Transmissions

A downlink ELM transmission originates in an 1/0 device which

assembles the message for transfer to the transponder. When a message is

ready for transmission, the 1/0 device requests permission to transfer the

data to the transponder. As soon as the transponder can accept the data it

signals the 1/0 device, and the dowdink message is transferred across the

interface into the transponder. This transfer is done in a serial mariner by

means of downlink transfer clock and data lines. The subsequent transfer of

the message from the transponder to the ground interrogator proceeds without

further interaction with the 1/0 device.

3



SECTION 2

ST~4~JDARD MESSAGE INTERFACE

2. 1 SIGNA 1> FI.OW

I
“1

After an tlpli, nk tr;~nsmission has been received and verified, the in-

formation content of the transmission is shifted out at a 1 Mb/see rate from

the SM interface to peripheral. devices. This prOcess is finished befOre the

transponder downlink tral~smission begins. At the time of the downlink trans-

mission, data are shifted in on the data line at a 1 ~@b/sec rate for direct in-

sertion into that transmission. Two lines are used~accomplish this; the data

line, operating in either direction and the clock line, which provides the nec-

essary timing, Activity t~n the SM Interface takes place only during the inter-

rogation-reply cycle of the transponder. It begins when the first clock pulse

,?ppears on the clock I.ine ,>nd terminates after the last clock pulse has been

sent out by the transponder.

2.2 ELECTRICAL, INTERFACE

2.2. 1 Logic Convention

The clock and data lines are symmetrical two-wire lines operating at

TTL signal levels [~1. A high, or more positive vOltage On the “true” ‘ire I

and a low, or less positive voltage on the ,,complement, l wire is interpreted

as a logical “one. “ A low, or less positive voltage on the “true” wire and a

high, or more positive ~rnltage On the “complement” ‘ire ‘s ‘nterpretecl as a

logical “~el-o. “



2. 2.2 Clock Line

The clock line is a symmetrical line carrying the timing pulses for

reference in data transmission. Line levels and impedances are those gen-

erated by a National Semiconductor DM 8831, or equivalent, operated in the

differential mode. The signal on the clock line consists of a series of pulses

occurring at a 1 Mb/see rate. The pulse width is 0.5 t O. 1 psec. The num-—

ber of clock pulses in each operational cycle is 214. When not active, the

clock line is held low.

2. 2.3 Data Line

The data line is a symmetrical data transmission line. Line levels

and impedances are those generated by a National Semiconductor DM 8831,

or equivalent, operated in the differential mode. The line has three states,

HIGH, LOW, and OFF, to permit control by either the transponder or the 1/0

devices [4].

2.3 SM INTERFACE TIMING

2.3. 1 Timing Convention

Events in the transponder are referenced to the time of the sync phase

reversal in the DABS data block, or, for transactions involving the DABS/

ATCRBS All-Call interrogation, referenced to the leading edge of the P4

pulse. All events on the SM interface are referenced to the beginning of the

first pulse on the clock line. As illustrated in Fig. 2, tn is the instant in

time at which the nth clock upstroke after the beginning of the clock cycle 1

occurs. The time of the first upstroke is t
0.

to t, tn

Fig. 2. Timing convention for SM interface.
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2. 3.2 Interface Initiation

The first clock pulse starts (i. e. , the SM interface becomes active)

after the transponder has recognized a properly-addressed surveillance or

Comm-A interrogation, an all-zero-address interrogation or an All-Call

interrogation, provided the reply is not suppressed by a lockout state. (All-

Call replies may be formulated from data received via the wire link, as

discussed in Section 2.4. 2, or from data hardwired to the transponder. In

the latter case, the initiation of the wire link in response to an All-Call

interrogation is not required. ) The first clock pulse will start 34 t O. 05 ~sec—

after either the sync phase reversal or the upstroke of P4.

2. 3.3 Time and Level Assignments

When not active, the clock line is held low and the data line is left in

the OFF state as defined in Section 2.2.3. When an interface transaction is

initiated, the timing diagram of Fig. 3 and the event timing of Table 1 applY

to all except All-Call interrogations. Use of the wire link in the formulation

of All-Call replies is discussed in Section 2.4. 2.

In the interval betieen t ~andtl, the data line remains OFF. Beginning

at t ~, the complete information content of the uplink transmission, starting

with bit 1 and ending with the last bit before the address-parity field, is

impressed on the data line. The data line remains in the state (HIGH or LOW)

of the first uplink itiormation bit from tl to t2 and then assumes the state of

the next bit in the time between t2 and t3, etc. This results in a nOn-return -

to-zero format with a 1 Mb/see data rate. i

For a Comm-A interrogation, the data transfer terminates at t89. lf

a surveillance interrogation is received, meaningful data end at t33; in this

case, the transponder is permitted to generate either HIGH or LOW state sig-

nals on the data line between t 33 and ’89.
The 1/0 devices need not examine

this interval beca Llse information about the length of the expected message is

contained in bit 2.
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Beginning at t89, the transponder relinquishes control of the data line

by setting the line into its OFF state. ‘t t94’
the transponder begins the

downl.ink transmission. Downlink data transfer on the wir(:link be~ins at tlO”.

The data bits are transferred to the transponder 2 vsec before they are to be

transmitted in order to provide an opportunity for proper strobing and synchro-

nization. This feature is labeled “downlink data time bias” in Fig. 3.

Table I . I?elationship bet~veen uplink/downlink
Timing an(l SM interface timing.

Event

Start, uplink preamble

Sync phase re~,ersal

End, 56-bit ~lplink

End, 11 2-bit uplink

Start, SM clock

Start, SM data oL1t

End, 32-bit data otlt

Encl, 88-bit data out

Start, downlink prean~ble

Start, SM data in

Start, downlink data

End,

Encl,

End,

Encl,

stop,

i2-bit data in

5(-bit downlink

88-bit data in

llZ-bit clov, nlink

SM clock

Time From Sync
Phase Reversal

(pscc)

-4

0

14.5

28.5

<.4

35

67

123

I 28

1’34

I 30

166

192

222

248

248

Time From]
Clock Start

(~sr, c)

o

I

33

89

94

100

102

I)z I

I 58

188

214

214

.

.
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The transponder assembles the downlink data stream from the data

generated internally and from information supplied by the data line. Each

input device contributes only the bit or bits which it is de signed to handle by

holding the data line either HIGH or LOW during the a.s signed time slot, and

leaving the data line OFF at all other times. The 1/0 devices are addressed

by uplink content or interrogation protocol so that only one device can OCCUpY

the data channel during the transmission time of a Comm B-downlink Mes-

sage Field (MB).

In the time interval from t188 to t ~14, the transponder generates the

address-parity field. The SM interface clock continues to run during that

interval.

2.4 PBUT AND CAPABILITY INTERFACE

There are two sources of PBUT and capability information available

to the transponder: a serial source via the wire link, and a parallel source

via direct connections. The transponder will accept itiormation from either

source and set the appropriate bits in the downlink transmission accordingly.

In any given installation only one source of PBUT ifiormation and one source

of capability i’dormation will be used.

2.4. 1 PBUT Interface

It is anticipated that many transponder

downlink message (Comm-B or D) capability.

installations will not incorporate

As an alternative to the bidirec -

tional use of the data line in this case, two input terminals shall be provid;d

at the transponder SM interface which receive signal levels representing the

PBUT (pilot acknowledgement) code to be transmitted. The terminals are

labeled Y (yes) and N (no) and represent bits 13 and 14 respectively, of the

downlink transmission. The signals on the wires consist of standard TTL

logic levels which change as required after receipt of the uplink but before

the start of the downlink. The change will be complete by t
92.

A high level

indicates that the appropriate bit should be set.

9



2.4.2 Capability Interface

The transponder! s All-Call reply includes the “Capability’T field which

describes the presence or absence of five data-accepting or generating 1/0

devices installed in the aircraft. One specific bit in the All-Call reply is

assigned to each device and a sixth bit indicates the presence of additional

devices whose identity can be ascertained by the sensor by means of a special

Comm-B interrogation. Bit assignments are given in Ref. [1].

The capability code is entered into the transponder either through a

hardwired connection to the capability connector or through the wire link.

The hardwired connector is provided for use in installations which do not have

wire link capability-code operation. Installations which have wire link cap-

ability-code operation will normally not use the hardwired capability-code

connector, as tbe use of wire link alone provides automatic elimination of a

capability code bit when a given peripheral is disconnected or turned off,

The operation of the wire link capability code reporting is as follows :

A valid All-Call can be received either as a DA BS/ATCRBS All-Call interr-

ogation or as a DABS-only All-Call interrogation. In either case, the wire

link will be initiated as described in Section 2.3.2. Receipt of a valid DABS -

only All-Call will result in the transfer of the received data block over the

wire link. The first bit (F) of the data block is a logical one in an All-Call

interrogation [1].

If a valid DABS/A TCRBS All-Call is received, the transponder holds

the data line high between tl and t2, thereby creating an F= 1 condition in the

wire link data. The transponder then holds the data line in one of the ON stit~s

‘p ‘0 ’89.

Peripherals will recognize that an All-Call has been received in either

case because all other patterns allowed on the wire link begin with a logical

zero between t
1

and t
2“

A given peripheral indicates its presence by holding

the data line HIGH at its assigned time slot between t102 and \O& Peripherals,

other than the five specified in Ref. [1], set the sixth bit. In this manner, a

connected or malfunctioning peripheral does not report its presence and 1/0

device installation changes can be made without disturbing the transponder.

10
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SECTION 3

ELM INTERFACE

3.1 ELM SIGNAL FLOW

3.1. 1 Uplink

Immediately following receipt of a complete ELM, as indicated by the

successful receipt of all segments, the transponder activates its output trans-

fer clock and its data output signal lines. The contents of the MC fields are

shifted out of the transponder in a serial bit stream on the data line, starting

with bit 1 of segment number one and ending with bit 80 of the highest segment

number used. Segment numbers are not shifted out. The output data appear

as a continuous bit stream for the duration of the ELM. The transponder will

not accept a new uplink ELM until it has shifted out a previous ELM.

3. 1. 2 Downlink

Downlink ELM’s are generated in the 1/0 devices. When an 1/0 device

has a message to be transmitted, it signals the transponder with a “Request

to Send” signal. When the transponder is ready to accept downlink data, it

answers with a “Clear to Send’t signal. The 1/0 device then commences to

transfer data to the transponder in a continuous serial bit stream for the dur-

ation of the ELM. As it receives the data, the transponder divides it into

80-bit segments, assigns segment numbers to each segment, and stores the

itiormation.

The end of the ELM is signalled by the end of the “Request tO Send”

signal. In the event the 1/0 device attempts to load a message in excess of

the maximum length of one ELM ( 1280 bits), the message will be terminated

at that point by the transponder through resetting of the “Clear to Send” signal.

11



Following the transfer of an ELhI froln~ the 1/’0 device to the trans-

ponder, the transponder requests permlis sion to transmit it to the ground.

The request and sllbseq~~ent operation of tile transponder are described in

Ref. [I].

3.2 ELM ELECTRICAL INTERFACE

‘3. 2. 1 (.; eneral

The ELM interface has been configllre d itl accordance with the Elec-

tronic Indllstries Association (KLA) Sta,,dard RS-Z32C [2]. The provisions of

that Standard apply LInlcss specifically sta. tcd otherwise herein.

~. 2. 2 Ilata ‘1 ransfer Rate

The 1,1.U, electrical il~terface operates in a full duplex mode to receive

data from, and transfer data to, nrle or more 1/0 clevices. The data transfer

rate

3.2.

s fixed at 2400 b/see, controlled by a clr)ck lncated in the transponder.

Signals

A block dia~ram of tile EL,}#! intcrfacc is sho~vn in Fig. 4. The inter-

face is configured tlsing signals d(:fined irl l{ S-2:2C (Interface Type D). The

si~nals ~lsed are shoi<,n in ‘Iable 2. ‘l’he electrical characteristics of the sig-

nals at the interface are described in iletail in Ref. [2]. Signal CC, “Data Set

Ready,” is connected to the “St:lnd:.i rcl’’-I)} 13S [:ontact circuit in the transponder, and

serves to signal tb,~! 1,/0 dc:vi(:e \\,hc!n a gro!~l~(l-to-air comnlunication link exists.

i. 3. 1 Uplink Interface

The received data are shifted frc,n tl, r! ti.arlsponder to the 1/0 devices

by nlean. of the “Rcct~ive[l I):l!.:t” sipnal and the “Rt7cciver Signal Element

Timing, “ transfer clock si.gn71. “~he <l[>(:k ;li>d dlt:{ appear siml~dtaneousl.y on

their respective lines as sho~~n in Fi~. 5. ‘l-he ON to OFF transition of the

C1OC1<occllrs at th[: mlclpolnt of the bit i!-~ter;:,l.. The cI.ocI. signal is present

only for the duration of the mcss:t~c.

.

a
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DOWNLINK DATA

REQUEST TO SEND

CLEAR TO SEND
RANSPONDER 1/0 DEVICES

UPLINK TRANSFER CLOCK

UPLINK DATA

DATA SET READY

I 1

Fig. 4. ELM interface.
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Table 2. Signal mmes and functions.

Function

Uplink transfer clock

Uplink data

1/0 request to send

Transponder OK!S to send

Dowlllink transfer clock

Downlink data

lndicate~ IIStandard,,

DABS contact.

RS- 232C Name

DD Receiver Signal Element Timing

BB Received Data

CA Request to Send

CB Clear to Send

DB Transmit Signal Element Timing

BA Transmit data

CC Data Set Ready

3. 3. 2 Downlink Interface

The “Transmit Signal Element Timing” clownlink transfer clock nor-

lnally L-uns at the 2400 b/see rate and is always available at the interface.

(RS-2.32C allows the clock to be stopped infrequently for short periods to

accommodate test modes, etc. No transfer is allowed unless this clock is

running, and conversely, the clock remains running throughout a transfer. )

The 1/0 device generates a “Req~~est to Send” si gnal whose OFF to ON tra~s -

ition coincides with that of the clock, as shown in Fig. 6. When the trans-

ponder is ready to accept data it replies with a “Clear to Send” si~nal whO~e

OFF to ON transition also coincides with that of the clock. The 1/0 device

imnqediately makes downlink data available to the transponder. The ON to

OFF transitions of the clock coincide with the midpoints of the bit intervals.

The end of “Request to Send ,, coincides with the end of the last data bit interval,

~n(l causes !, Clear to Sendt’ to end als O.



Fig. 6. Downlink data transfer.
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