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27,864 
CLOSED LOOP TEST METHOD AND APPARATUS 
FOR DUPLEX DATA TRANSMISSION MODEM 

Steven J. Davis, Ridge?eld, and Richard A. Liberman, 
Stratford, Conn., assignors to General Datacomm In 
dustries, Inc., Norwalk, Conn. 

Original No. 3,655,915, dated Apr. 11, 1972, Ser. No. 
35,454, May 7, 1970. Application for reissue June 29, 
1972, Ser. No. 267,390 

Int. Cl. Htl4m 11/06 _ 
US. Cl. 179-2 DP 8 Claims 

Matter enclosed in heavy brackets [] appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

ABSTRACT OF THE DISCLOSURE 

A duplex data transmission modem is provided having 
facilities for transmitting data on either a call originate 
frequency F1 or a call answer frequency F2 while simul 
taneously receiving data on a call originate frequency F2 
and a call answer frequency F1. Control apparatus is 
provided in the modem for closed loop testing wherein 
the modem receiver is forced to receive the normal out 
going data modulated carrier signal and return the data 
signal back to the incoming line and thereby provide loop 
back on the analog or tone side of the telephone line 
interface. 

‘BACKGROUND OF THE INVENTION 

The present invention is related to data transmission 
systems and more speci?cally to duplex type modems 
which provide for simultaneous two-way transmission of 
data on a transmission circuit such as a two-wire tele 
phone line. Such modems provide for modulation of a 
carrier by a stream of data bits received from a business 
or data-processing machine, transmission of the data mod 
ulated carrier over a conventional telephone circuit and 
recovery of the data bits at the receiving end by a carrier 
demodulator. 

In modern time-share computer systems, data is com 
monly transmitted many hundreds of miles through a 
variety of signal amplifying, switching and processing 
equipment. Because of system complexity and high op 
erating costs, it has become increasingly important for 
an operator to be able to check the operating integrity 
of the data transmission system and in the event of failure 
to be able to identify the point of breakdown as rapidly 
and precisely as possible. Since the signal translating 
modem is so commonly used at the terminal ends of most 
data transmission systems, it would be desirable to have 
control means available for closed loop testing of a major 
system including the data set modern. In the known prior 
art duplex modems, this test facility has not been available 
because the transmitter modulator and receiver demodu 
lators are required to operate simultaneously at different 
frequencies on the same transmission facility. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, control means 
are provided as part of a duplex data-set modem which 
permit the modem to operate in a loop con?guration for 
testing purposes. In the test loop operation, data pulses 
from a business machine are transmitted through the 
transmitter, the output of which is directed back to the 
local receiver instead of the outgoing line. In test mode, 
the receiver is forced to operate at the same frequency as 
the transmitter so that the data signal is recovered by 
demodulation and returned to the business machine. 
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2 
DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a simpli?ed block diagram of a typical data 

transmission system in which the present invention is 
used; 
FIG. 2 is a simpli?ed block diagram of a dual frequency 

modem showing control means of the present invention 
which provide closed loop testing of the transmission sys 
tem; and 

FIG. 3 is a simpli?ed block diagram showing the closed 
loop test control means of the present invention as em 
ployed in conjunction with a preferred switched frequency 
modem. 

FIG. 1 illustrates in simple block diagram form a typi 
cal data transmission system comprising a plurality of low 
speed data inputs and outputs 9A-N interconnected via 
TDM (time-division multiplexer) 10A, high speed trans 
mission channel 11, TDM 10B and low speed data inputs 
and outputs 9A'—N'. For purposes of explaining the pres 
ent invention, consideration should be directed to a single 
channel 9N supplied with data pulses 15 from tcletype 
machine TI‘ which are sequentially transmitted by 10A, 
11, 10B and 9N’ to data modem 20 coupling transformer 
21 and ?nally to local telephone line 25 as a modulated 
carrier signal 15M. 
To facilitate the overall operational testing of transmis 

sion channel 9N, data modem 20 is provided with control 
apparatus which can be actuated as required to close the 
transmission loop (as shown symbolically by dotted arrow 
30) and cause the carrier modulated signal 15M to be 
demodulated by the modem receiver and returned through 
the system to the tcletype source TT for system evaluation. 
The block diagram shown in FIG_ 2 illustrates the 

operation of the present invention in conjunction with a 
typical modem such as the Data-Set 103A manufactured 
by the Bell Telephone System. Such data sets have two 
operating frequency modes, originate and answer. When 
the modem 20 is at the location that originates a call, 
the output of a frequency shift modulated 1,170 Hz. os 
cillator 35 passed through bandpass ?lter 36 is selected 
as shown by switch 37, ampli?ed by line driver 38 and 
supplied to line 25 by coupling transformer 21. On the 
other hand, when the modem 20 is at a location that re 
ceives a call, the output of a frequency-shift modulated 
2,125 Hz. oscillator 40 passed through bandpass ?lter 41 
is selected as shown by switch 37 and supplied to the out 
put line 25 in the manner described above. 

In the course of normal operation, the demodulator 
operates to receive signals on the alternate frequency not 
being used by the transmitter modulator section of the 
modem. Thus, incoming carrier modulated signals from 
line 25 are supplied through switch 37B and ?lters 51 and 
52 to the 1,170 Hz. discriminator 53 and the 2,125 Hz. 
discriminator 54 as shown. Through the ganged operation 
of switches 37A and 37C, it can be seen that different 
operating frequencies are always chosen for the trans 
mitter modulator and receiver demodulator to permit si 
multaneous two-way data transmission on the basis of 
frequency division and the choice is reversed with change 
between answer mode and originate mode. 

In conventional operation, the modem is quiescently 
conditioned to operate in the call originate mode. Ring 
detector 60 is tripped when a ringing signal is received 
from a calling station and control 61 is energized causing 
switch 37A-C to be switched to the “answer” mode (posi 
tion 1) where it remains for the duration of the call. 
Control 61 also energizes oscillator 40 which transmits a 
2,125 Hz. carrier that is sensed in the calling modem by 
a carrier detector 70 that energizes its 1,170 Hz. oscilla 
tor. With the interconnected modems automatically set 
up for two-way duplex operation, input signals from a 
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local or a remotely located data source are supplied on 
data input line 9N’ to the modulator as described above 
and transmitted on either of the two carrier frequencies 
via line 25 to the interconnected modem. Data signals re 
ceived on either one of the two carrier frequencies are 
recovered by the appropriate discriminator (1,170 Hz. 
or 2,125 Hz.), processed by signal slicer 62 and supplied 
to data output line 9N’. 

In accordance with a principal feature of the present 
invention, means are provided for controlling the simul 
taneous operations of the modulator and demodulator 
sections of the modem so that a business machine supply 
ing data input pulses to line 9N’ can test the operating 
integrity of the complete modem 20 by forcing the input 
signals to be demodulated by the local demodulator and 
returned back to the machine source on line 9N’. Such 
a closed loop test is not available on known existing 
modems because of the fact that the modulator and de 
modulator operating frequencies are always different in 
order to maintain the facility of simultaneous two—way 
communication of data. 
The desired modern loop test is provided in accordance 

with the present invention by supplying a loop-test con 
trol signal via terminal 78 to control 61 which responds 
to position switch 37A—C to test position 1. In so doing, 
the modulator is in effect switched from the quiescent 
originate mode (1,170 Hz.) to the answer mode (2,125 
Hz.) and the demodulator is in effect restrained to operate 
in the receive originate mode (2,125 Hz.). In other words, 
the demodulator and modulator are switched to operate 
on the same frequency instead of different frequencies 
and at the same time the transmitted signal supplied to 
the receiver for loop test is dropped in level by attenuator 
80 (about 30 db) which is switched into the receiver 
line by switch 373 as shown. Additionally, the modern 
control signals are functionally placed in the answer 
mode, This permits the transmitter to generate a tone 
to the receiver and primes the receiver to receive a tone. 
Upon reception of the tone, the carrier detector is turned 
on and the output becomes unclamped. The hand-shaking 
procedure in this test mode is the same as would occur 
in normal operation when receiving signals from a re 
mote modem. It will be understood that the loop test 
control signal applied to 78 may be generated locally 
or it may have its origin in a remotely located city and be 
transmitted over the entire data. transmission system to 
close the loop for test purposes as illustrated in FIG. 1. It 
can be appreciated by those skilled in the art that such 
a closed loop test is useful, not only to give assurance 
that the system as a whole (i.e., up to and through the 
modem) is operating properly prior to commencement 
of a transmission interval but also to provide a means 
to isolate the point after or before which there has been 
failure. 

In FIG. 3, there is shown a further preferred embodi 
ment of the present invention as it is used with an improved 
and greatly simpli?ed modern having a switchable oscilla 
tor and ?xed frequency ?lter demodulator. In this embodi 
ment voltage controlled oscillator 100 is changed in fre 
quency from 2,125 Hz. to 1,170 Hz. by the setting of 
switch 37A to answer (position 2) or orginate (position 
3). The selected carrier frequency is shift modulated by 
input data and transmitted to line 25 via low pass ?lter 
101 and line driver 38. 

Signals received on line 25 are supplied to a balanced 
modulator 110 which passes an 1,170 Hz. signal directly 
to discriminator 112 via ?lter 111. The demodulated data 
signal from 112 is reshaped by signal slicer 1113 and sup 
plied to output line 9N’. 
When the received signal has a frequency of 2,125 Hz. 

(call originate mode), a 3,295 Hz. signal is supplied to 
balanced modulator 110 and the difference frequency side 
band (i.e., 1,170 Hz.) is selected from the balanced modu 
lator output and supplied to the discriminator 112 for de 
modulation. The modern shown in FIG. 3 has an advantage 
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4 
of requiring fewer oscillators and ?lters and accordingly 
is less expensive to manufacture. 
The operation of control 61 in response to signals from 

a ring detector or carrier detector may be the same as the 
modem shown in FIG. 2 and described above. For pur 
poses of simpli?cation a description of these circuit opera 
tions will not be repeated. 

For test loop analyses, the modem in FIG. 3 may be 
placed in loop test condition by applying either a remote 
test control signal to line 78 and OR gate 150 or a local 
test signal to 150 from switch 160. Switch 37-C is moved 
to loop test position 1 by control 61 acting in response to 
the output of OR gate 150. Oscillator 100 is thereby 
switched to the answer mode (2,125 Hz.) and the trans 
mitter output signal is coupled to the demodulator 
through attenuator 80, translated to the lower frequency 
of 1,170 Hz. by balanced modulator 110 and supplied 
to the data output line 9N’ for return to the transmission 
loop. 

It will be apparent to those skilled in the art that various 
modi?cations may be made to the preferred embodiments 
described and illustrated herein without departing from the 
invention as de?ned in the claims. 
We claim: 
1. In a duplex data transmission modem having both a 

call originate mode of operation in which outgoing data is 
transmitted by modulation of a carrier frequency F1 and 
incoming data is received by demodulation of a data modu 
lated carrier frequency F2 and an answer mode of opera 
tion in which data is received on frequency F1 and trans 
mitted on frequency F2, 

(a) a method of close loop testing the operation of said 
modem comprising 

(b) operating the modern modulator in the answer 
mode; 

(c) operating the modern demodulator in the call origi 
nate mode; and 

(d) connecting an attenuated level of the data modu 
lated carrier output from the modulator to the input 
of the demodulator. 

2. In a duplex data transmission modem having both a 
call originate mode of operation which outgoing data is 
transmitted by modulation of a carrier frequency F1 and 
incoming data is received by demodulation of a data modu 
lated carrier frequency F2 and an answer mode of opera 
tion in which data is received on frequency F1 and trans 
mitted on frequency F2, means for close loop testing the 
operation of said modem from the digital side of said 
modem comprising: 

(a) ?rst control switch means operable to energize the 
modern modulator for operation in the answer mode; 

(b) second control switch means operable to energize 
the modern demodulator for operation in the call 
originate mode; and 

(c) means for connecting an attenuated level of the 
data-modulated carrier output from said modulator 
to the input of said demulator. 

3. In a duplex data transmission modem having both 
a call originate mode of operation in which outgoing data 
is transmitted by modulation of a carrier frequency F1 
and incoming data is received by demodulation of a data 
modulated carrier frequency F2 and an answer mode of 
operation in which data is received on frequency F1 and 
transmitted on frequency F2, a method of close loop test 
ing the operation of said modem comprising: 

(a) operating the modem modulator in one of the an 
swer and call originate modes; 

(b) operating the modem demodulator in the other of 
said modes; and 

(0) connecting the data-modulated carrier output from 
the modulator to the input of the demodulator. 

4. The method of claim 3 further comprising the step 
of attenuating the data-modulated carrier output connected 
from the modulator to the input of the demodulator. 
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5. In a duplex data transmission modem having both a 
call originate mode of operation in which outgoing data 
is transmitted by modulation of a carrier frequency F1 
and incoming data is received by demodulation of a data 
modulated carrier frequency F2 and an answer mode of 
operation in which data is received on frequency F1 and 
transmitted on frequency F2, means for close loop testing 
tile operation of said modem from the digital side of said 
modem comprising: 

(a) ?rst control switch means operable to energize the 
modem modulator for operation in one of the answer 
and call originate modes; 

(b) second control switch means operable to energize 
the modem demodulator for operation in the other of 
said modes; and 

(c) means for connecting the data-modulated carrier 
output from said modulator to the input of said de 
modulator. 

6. The apparatus of claim 5 wherein the means for con 
necting the data-modulated carrier output from the modu 
lator to the input of the demodulator includes an attenu~ 
ator. 

7. In a duplex data transmission modem having both 
a call originate mode of operation in which outgoing data 
is transmitted by modulation of a carrier frequency F1 
and incoming data is received by demodulation of a data 
modulated carrier frequency F2 and an answer mode of 
operation in which data is received on frequency F1 and 
transmitted on frequency F2, a method of close loop test 
ing the operation of said modem comprising: 

(a) operating the modem modulator in one of the 
answer and call originate modes; 

(b) operating the modem demodulator in the other 
of said modes; and 

(c) connecting at least an attenuated level of the data— 
modulated carrier output from the modulator to the 
input of the demodulator. 
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8. In a duplex data transmission modem having both 

a call originate mode of operation in which outgoing data 
is transmitted by modulation of a carrier frequency F1 
and incoming data is received by demodulation of a data 
modulated carrier frequency F2 and an answer mode of 
operation in which data is received on frequency F1 and 
transmitted on frequency F2, means for close loop testing 
the operation of said modem from the digital side of said 
modem comprising: 

(a) ?rst control switch means operable to energize the 
modem modulator for operation in one of the answer 
and call originate modes; 

(b) second control switch means operable to energize 
the modem demodulator for operation in the other 
of said modes; and 

(a) means for connecting at least an attenuated level of 
the data-modulated carrier output from said modula 
tor to the input of said demodulator. 
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