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FED-STD-1007
March 24, 1981

FEDERAL STANDARD

TELECOMMUNICATIONS: CODING AND MODULATION
REQUIREMENTS FOR DUPLEX 9600 BIT/SECOND MODEMS

This standard is issued by the General Services Administration pursuant to
the Federal Property and Administrative Services Act of 1949, as amended.

I. SCOPE

1.1 Description. This standard establishes coding and modulation requirements for duplex 9600 bit/s modems owned
or leased by the Federal Government for use over four-wire, analog transmission channels. It is based upon CCITT
Recommendation V.29.

1.2 Purpose. This standard is to facilitate interoperability between telecommunication facilities and systems of the
Federal Government.
1.3 Application

1.3.1 All Federal departments and agencies shall comply with this standard in the design and procurement of duplex
9600 bit/s modems (and equipment containing such modems) for use over four-wire, nominal 4 kHz analog channels.
Typically, nominal 4 kHz analog channels are derived from frequency division multiplex equipment associated with
microwave, coaxial cable, and satellite transmission systems. ’

1.3.2 For application of this standard within the Department of Defense, users should refer to the supplemental
requirements contained in Military Standard 188-110.

1.3.3 Modems described by this standard may also be used on nonmultiplexed transmission systems, such as metallic
cable facilities, but are not required for use with such systems.

2, REQUIREMENTS
2.1 9600 Bit/s Operation

2.1.1 Carrier Frequency. The carrier frequency shall be 1700+1 Hz.

2.1.2 Spectrum. The modulator energy spectrum shall be shaped in such a way that when continuous ONE's are
applied to the input of the scrambler:

(1) the resulting transmitted spectrum shall have a substantially linear phase characteristic over the range of 700 Hz
to 2700 Hz and

(2) the energy density at 500 Hz and 2900 Hz shall be attenuated 4.5+2.5dB with respect to the maximum energy
density between 500 Hz and 2900 Hz.

2,1.3 Data and Modulation Rate. The data rate shall be 9600 bits/s +.01 percent. The modulation (symbol) rate shall
be 2400 baud +.01 percent.

2.1.4 Encoding Data Bits. The data stream to be modulated shall be divided into groups of four consecutive bits
(quadbits). The first bit in time of each quadbit (Ql) shall be used to determine the signal element amplitude to be
transmitted. The second (Q2), third (Q3), and fourth (Q4) bits shall be encoded as a phase change of the 1700 Hz carrier
relative to the phase of the carrier during transmission of the immediately preceding signal element as indicated below.

Q2 | Q3 | Q4 |Phase Change
0jo0]1 0°
0[O0 ]O 45°
0/l11]o0 9q°
0of[1]1 135°
111 180°
1 [ 1]0] 228°
1{01]0 270%
1]0]1 3159
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The relative amplitude of the transmitted cional element is determined hv the first bit of the nuadb;[ (OI\ and the

p
absolute phase of the signal element. Absolute phase reference is estabhshed during the synchromzatlon procedure,
described in section 2.4.1.2. The method of determining signal element relative amplitude is shown below.

Relative Signal
Element Amplitude

Absolute Phase Q1

0 3
0°, 90°,180°,270°

1 5
0 0 i} o © J2
45°,135°,225°, 315

1 3J?2

At the receiver, the quadbits are decoded and the bits are reassembled in correct order.

2.2 7200 Bit /s Operation (Optional)

22 AJ.,I_A:,A n_a_
2.2.1 Modulation Rate.
t.

Data and he data rate shall be 7200 bits/s +.01 percent. The modulation (symbol) rate shali
be 2400 baud +.01 percen

2.2.2 Encoding Data Bits. At the 7200 bit/s fallback rate, the data stream to be modulated shali be divided into
groups of three consecutive bits. The first data bit in time determines Q2 of the modulator quadbit. The second and
third data bits determine Q3 and Q4 of the modulator quadbit, respectwely. Ql of the modulator quadbit is kept as data
TED A
LERKVU.

2,2.3 All other characteristics shall be as in section 2.1.
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2.3 4800 Bit/s Operation (Optional). 4800 bit/s operation, when utilized, shall follow one of the two options described
below. o

2.3.1 Option I

2.3.1.1 Nata
wat

a
Lelaies ata

shall be 2400 baud +.01 percent.

2.3.1.2 Encoding Data Bits. The data stream to be modulated shall be divided into groups of two consecutive bits.
The first data bit in time determines Q2 of the modulator quadbit and the second data bit determines Q3 of the

modulator quadbit. QI of the modulator quadbn is kept as data ZERO. QU is determined by inverting the modulo-2 sum
of Q2 and Q3. A table chn\mna this method is clvpn below.

Data Bits Quadbits Phase Change
Q1)Q2|Q3|q4

0o o {ofofol1 0°

0 1 jofoj1]o 0

- 1 n ° L] 19 .--0

1 1 ujplijiyt i

i 0 0j1(0j0 2707

rracletlae eball Lo oo o e sl 9}
CTIEeristics snall as 1n section &.1.

lieu of fhls taﬁdafd.
2.4 Synchronization Signals. Modems shall be capable of operation utilizing the normal synchronization signal,

erribad 1= so~si—— 2 L 1 LI__._..__ all_ d._. . PN ] PN PP RN s A P [ PP O Py

OCSLI'IDCG m SC(.IIDH L.'!. l. I'IOWCVEF, tms UOCS not PI'CLII.IUC use Dl e lOI’ls ;ym.nrunluuun blslldl \SECTion L.".L' of lllc
use of shorter than normal synchronization signals in special applications.

P I P P -0 P Ty Cicmal Teamermicoinn cun~heamieadiam —-. ha inailsiadad ke Ameen A i

2-"5-} I‘Ulllldl Jlll(.llll)llll-ﬂllull ALY Ilﬂll:llll))l\)ll U.l a )y‘ll.lllullll.dtlull 318" ll DT JNitiaied vy a mouem Or i
associated Data Terminal Equipment (DTE). When Request to Send (RS) mdncano sed to control modulator carrier,

synchronization signal shall be generated during the interval between Request to Se (RS) indication from the DTE and
the modem responding with Clear to Send {(CS) indication. Also, when a modem detects a channel condition that reqguires

resynchronization/reequalization, or receives a synchronization signal from the distant modem, it shall withhold Clear to
Send (CS) indication to its associated DTE and generate a synchronization signal. The normal synchronization signal, for

-
o w

all data rates, is divided into four segments as follows:
Tadal £
Igtal oy
Segment 1 Segment 2 Segment 3 Segment 4 Segments
1,2,3,and 4
. . T . Equalizer Scrambled Total
Type of Line Signal No E;i’:;‘:‘{‘tmd Alternations | Conditioning All Data Synchronization
S 'étte'_ﬁ ONEs Signal
Number of Symbol Intervals 48 128 384 48 608
Approximate Time in ms 20 53 160 20 253
2.4.1.1 Segment | withholds carrier for 48 symbol intervais.
2.4.1.2 Segment 2 consists of alternations between two signal elements. The first signal element (A) has a relative

amplitude of 3 and defines an absolute phase of 180°. The second signal element (B) depends upon the data rate. The
following chart gives the absolute phase and relative amplitude of signal element B for each data rate;
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Data Rate | Absolute Phase | Relative Amplitude
9600 Bits/s 315° 3 /2

7200 Bits/s 315° J2

4800 Bits/s 270° 3 ]

,,,,,, an A £ S

Segment Z aiternates ABAB..... for 128 sym

2.4.1.3 >Segment 3 consnsts of two signal elements transmitted accordmg to an equahzer condmonmg patterm The
e . _a - —md ~& NO

llrSt Slglldl cxemcnt \L,l Ildb a rclduvc dl"pllluuc of 3 ana ain auwxuu: Plldb!‘: Q1 U-.
depends upon data rate as shown below.

lllC )CLUIIU )lslldl EJCIIICIIL \IJ]

Data Rate |Absolute Phase | Relative Amplitude
9600 Bits/s 135° /2
7200 Bits/s 135° J?
4800 Bits/s 90° 3

The equalizer conditioning pattern shall be a pseudorandom sequence generated by the polynomialk
1+ X645 x7

Each time the pseudorandom sequence contains a ZERO, signal element C is transmitted.

sequence contams a ONE, sngnal element D is transmitted. Segment 3 begins with the sequence CDCDCDC.....
according to the pseudorandom sequence and continues for 384 symbol intervals.

Each time the pseudorandom

A block diagram of the pseudorandom sequence generator is given below. (Logically equivalent configurations may be
utiiized in piace of the one shown.)

|

[y
(AN ]
(%

£a
(8

oY
~

Pseudorandom
Sequence

In the above dnagram, the seven-bit shift register is initially set to a 0101010 state. During operation, the shift register
is clocked at the symbol rate (2400 symbols/s) and bits 6 and 7 of the shift register are modulo-2 added, W|th the sum
b’c‘iﬁg app.ied to the shift lcslatCI lllp\-ll» {5it O o). Cutput of the pSﬁ'u'uC'i'aﬁuﬁm SequenCe generaior is taken from bit 7 of

the shift register. For informational purposes, the first three shifts produce shift register states of 1010101, 1101010,
and 1110101, respectively.

+ha i 1+ nf tha crramhlar
i€ INpUT 1 Tn€ SsCramo.el.

2.4.2 Long Synchronization Signal (Optional). In special applications, as an additional capability, long synchronization
signals may be utilized. Long synchronization signals shall be the same as normal synchronization signals except that
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Segment 2 shail be extended to 180 symboi intervais and Segment 3 shalil be extended to 1,920 symboi intervais.

2.5 Scrambler/Descrambler. A self-synchronizing scrambler/descrambler having the generating polynomial

1+ x-18, x-23

shaii be utilized. The purpose of this scrambier is randomization of the data stream in order to maintain proper
convergence of the automatic adaptive equalizer at the demodulator.

2.5.1 Scrambler. A block diagram of the scrambler is given

uuhzed in pIace of the one shown.)

0y

- 1 L] 1 1

ot -l ] ! -—-—- -1 _? it T P p—— -1

X 1 X b = = t X X = X
D . I
® Il 1 2 18 ¢ 19 23
o, —ol D Dl
L/ L/

In the diagram above, Di represents input data to the scrambler and Ds represents scrambled output data. During
operation, the 23-bit shift register, initially filled with all ZERO's, is clocked at the data rate. Shift register bits 18 and

r te
23 are modulo-2 added and the resulting sum is then modulo-2 added with Di to produce Ds. Ds, the scrambler output, is
i + +

ister inout (bit 0)
TegisSter input (oit vj.

In order to ensure that the proper starting sequence is generated, the shift register input is fed all ZERO's during

svnchronization signal seements | 2 and 3, During seoment &4 and normal data transmission, the ¢
syncarent signa. segments i, £, anG 2. During segment §, and norma. gata ransmission, tne s

with output Ds (input Di being all ONE's during segment 4).

2.5.2 Descrambler. The block diagram of the descrambler is given below. (Logically, equivalent configurations may
be utilized in place of the one shown.)

[

>
oF 3

In the diagram above, Ds represents scrambled input data and Do represents descrambied output data. The operation of
the descrambler is basically the same as that of the scrambler described in the previous section. At the start of
operation, all shift register bits must be in a ZERO state.

2.5.3 Scrambler Bypass (Optional). In special applications, as an additional capability, data may be permitted to
bypass the scrambler if the transmitted data is of a very random nature (e.g., encrypted) When operating in this mode,

= Do calft) b P, R T I ST T e S S

the scrambier stili shail be utilized during segment % of normali and iong synchronization signalis.

2,6 Equalization

2.6.1 An automatic adaptive equalizer shall be provided. It shall be in the demodulator.
2,6.2 A synchronization signal is initiated when a modem detects a loss of equalization (and requires a
synchronization signal) or when the Request to Send (RS) circuit is turned ON in the carrier-controlled mode. Having
initizted a synchronization slgnal, a modem expects a synchromzanon sngnal from the distant modem. If a modem does

nat rosraiva a gumAhoanioadiam  cioma £ om o o hoa fodnems caarta PRSP

Hous iClcive a SYynCnironiZzaiion )lslldl wom the distant modem Wlullll an CXPC(.IEO tnrne interval
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(1.2 seconds is recommended), it transmits another synchronization signal. When a modem fails to synchronize on the
received signal sequence, it can transmit another synchronization signal. If a modem receives-a synchronization signal
when it has not initiated a synchronization signal, and its demodulator is properly synchronized, it returns only one
synchronization signal

2.7 Multiplexing (Optional). When a modem contains a multiplexer to combine 7200 bit/s, 4800 bit/s, and 2400 bit/s
subchannels into a single aggregate bit stream for transmission, the modulator quadbits shall be allocated in accordance
with the following table.

MODULATOR
AGGREGATE [MULTIPLEX SUBCHANNEL | MULTIPLEX QUADBITS
DATA RATE |[CONFIGURATION| DATA RATE CHANNEL
Q1| 02{a3]| a4
1 9600 A [} [ I ] .
7200 A (] (] )
2
9600 2400 B .
BITS/S
4800 A . (]
3
4800 B (] 0
4800 A ] ()
4 2400 B .
2400 c .
2400 A [
5 2400 B [
2400 C ]
2400 D 0
6 7200 A () 0
4800 A e |0
7200 7
BITS/S 2400 B 0
2400 A [
8 2400 8 [
- 2400 [ .
9 4800 A o | e
4800
BITS/S
2400 A °
10
2400 8 )

2.8 General Characteristics

2.8.1 Impedance. The modem shall be capable of presenting an input and output impedance to the analog line of
600+60 ohms, balanced.

2.8.2 Output Level. The output level of the modulator shall be adjustable from at least -12 dBm to -3 dBm in no
greater than 2 dB steps. Output level controls shall be such that they are not readily adjustable by untrained personnel.

2,8.3 Input Sensitivity. The demodulator shall have an input sensitivity adjustable to -45+4 dBm and -30+4 dBm.
When the above-stated input sensitivities are used, the input level dynamic range shall be at least 30 dB above the input
sensitivity.

2.8.4 Digital Interface. Digital interface characteristics for modems, when applicable, are specified in other Federal
standards. These standards include Federal Standards 1020A, 1030A, and 1031.
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3. CHANGES. When a Federal agency considers that this standard does not provide for its essential needs, a statement
citing inadequacies shall be sent in duplicate to the General Services Administration (C), Washington, N.C. 20405, in
accordance with the provisions of Federal Property Management Regulations 4! CFR 101-29.3. The General Services
Administration will determine the appropriate action to be taken and will notify the agency.

Preparing Activity:

National Communications System

Office of Technology and Standards
Wachineton DC 20305

HECTy AV SV

MILITARY INTERESTS:

Military Coordinating Activity Review Activities
DCA —DC Army — CR, SC
. Navy -- EC, COMNAVTELCOM, MC
Custodians Air Force — 90, 17
Army —- CR DCA --DC
Navy - EC NSA -~ NS
Air Force -- 90 TRI-TAC -- TT

User Activities
Navy —~MCLB

This document is available from the General Services Administration (GSA), acting as agent for the Superintendent of
Documents. A copy for bidding and contracting purposes is available from GSA Business Centers. Copies are for sale at

tzftl)i GSA, Specification and Consumer Information Branch (WFSIS), Building 197 (Washington Navy Yard), Washington, D.C.
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