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25,911 
MULTIPLEX SIGNALING SYSTEM 

Henry E. Waughan, Colts Neck, N.J., assignor to Bell 
Telephone Laboratories, incorporated, New York, N.Y., 
a corporaiion of New York 

Original No. 3,6956,589, dated Aug. 21, 1962, Ser. No. 
760,480, Sept. 11, 1958. Application for reissue 
Apr. 25, 1963, Ser. No. 276, 143 

17 Clains. (C. 179-18) 
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. 
The present invention relates to signaling systems and 

more particularly to selective signaling means for use in 
communication systems operated in time division multi 
plex. 

In order to consolidate equipment and conserve com 
munication paths in a telephone system, considerable 
effort is being directed to the development of systems uti 
lizing time division rather than, or in conjunction with, 
space division as heretofore exclusively employed. Essen 
tially, in space division each connection between two 
telephones is established over a distinct transmission path, 
while in time division a single transmission path may be 
shared by a plurality of pairs of communicating parties. 
The latter operation is accomplished by sampling each con 
versation in turn at a high repetition rate, the speech sam 
pies being filtered at the terminals to produce a remark 
ably accurate facsimile of the transmitted intelligence. 

Further refinement is realized by the introduction of 
pulse code modulation of the sampled intelligence to ease 
transmission requirements of the system. Such a sys 
tem, incorporating time division sampling techniques and 
pulse code modulation of the sampled intelligence for 
transmission, is disclosed in D. B. James, J. D. Johan 
nesen, M. Karnaught anel W. A. Mi altharner Patent No. 
2,957,949, issued October 25, 1960. 
The system disclosed in the above-cited application 

also incorporates a centralized control type of operation 
such that signaling equipment advantageously is located 
at the central control point for service to the entire sys 
tem including a plurality of remote concentrator units. 
This expedient obviates the duplication of ringing equip 
ment at each of the remote concentrator units. 
A number of distinct signaling indications including 

ringing tone, busy tone, dial tone, etc., are required in 
such a System. As these signaling indications must pass 
over the common transmission link between the central 
control source and the calling and called parties, ihey too 
must be sampled on a time division basis and the samples 
placed in coded form. it is essential that each signaling 
indication be available on request to every station in the 
system in the sampling time allotted to Such station. 
The central control itself is not equipped to encode 

speech samples since this function is performed exclu 
sively at the remote concentrator units, the central con 
trol serving merely to switch the coded Samples through 
to the proper termination. Thus, in order to supply each 
telephone in the system with any one of a plurality of 
different tones originating from a central control point, 
it is necessary to provide coding equipment at the central 
point so as to place each tone in coded form for trans 
mission to the outlying stations. 
The provision of distinct coding equipment for each 

desired tone is both uneconomical and inefficient. In 
such an arrangement a coder per tone would provide a 
distinct coded sample of the preassigned tone in each Sam 
pling interval or time slot in a recurrent cycle of time 
slots. It is probable that each tone would be required 
by the system in only a small fraction of the total time 
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slots, so that during the remainder of each cycle, each 
coder would be operating needlessly. 

It is an object of this invention to provide an improved 
time division multiplex signal coding circuit. 

It is another object of this invention to provide an 
economical signal coding circuit which utilizes the maxi 
mum potential of the coding apparatus. 

It is a further object of this invention to provide a 
single coding circuit which will furnish a plurality of 
coded signals simultaneously. 

These and other objects of the invention are attained 
in one specific illustrative embodiment wherein a tone 
coding circuit comprises a single coder of a type known 
in the art in which samples of low frequency signals are 
placed in digital or binary code form. One form of 
coder satisfactory for this purpose is that disclosed in 
J. R. Pierce Patent 2,451,044, issued October 12, 1948. 
The tone signal samples are gated sequentially into the 
coder which, in turn, translates the samples into digital 
form and gates them sequentially to output terminals cor 
responding to the signal sources. 
A time shared telephone system of the type described 

shares a common transmission link among a number of 
simultaneous conversations by dividing a prescribed time 
interval, known as a frame, into a plurality of Sanlpling 
intervals known as time slots. Each active line is assigned 
a time slot and is sampled in that time slot during suc 
cessive frames. Sampling at a sufficiently high rate per 
mits accurate reproduction of the original speech at the 
receiving terminal. An acceptable frame rate is eight 
kilocycles or twice the highest speech frequency to be 
transmitted. With this frame rate each conversation is 
sampled once every stoo of a second or 125 microsec 
onds. Assuming 25 time slots available in the frame, the 
interval of each time slot is 1/25X8000th of a second, 
or 5 microseconds. Each conversation then is Sampled 
repetitively during a distinct 5 microsecond time slot in 
cvery 125 microsecond frame. 

In such a telephone system each of a plurality of tones 
must be available for instantaneous assignment in any 
one of the time slots of the frame. With the low fre 
quency tones employed, a new tone sample per frame 
interval is sufficient for the system to reproduce the origi 
nal tone. Thus at the eight kilocycle frame rate of 1he 
above example, each cycle of a 400 cycle tone would 
be sampled twenty times, an amount which will permit 
adequate reproduction of the original tone by the system, 
However, this tone sample must appear in each time slot 
of the frame in order to satisfy the system's requirement 
that tones be available for instantaneous assignment in 
cach idle time slot. 
The employment of a single coder to process Samples 

from a plurality of tone sources sequentially in each frame 
presents a problem in that it permits the appearance of 
each tone at a corresponding output terminal for only 
a single time slot in the frame. A new sample of the sane 
tone will appear at the corresponding output terminal 
during the same time slot in the next succeeding frame, but 
during the balance of the frame, there is no coded sample 
at the output terminal as required by the tine shared tele 
phone system. 

This difficulty is overcome, in accordance with this 
invention, by the provision of circulating delay means 
at each output terminal. In this fashion a coded Sample 
delivered to an output terminal will appear in successive 
time slots until replaced by a new coded Sample delivered 
to the terminal by the coder to replace the sample cur 
rently being circulated. Advantageously, such delay 
means may comprise a shift register, as known in the art, 
having its serial output connected to its Serial input. The 
time required to shift the digits of the coded sample 
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through the shift register is established so as not to be 
greater than the time slot interval. Input digits will 
take precedence over digits being circulated in the register. 
in the absence of input digits, however, the digits present 
in the register will be continuously recirculated through 
the register. 

It is a feature of this invention that a plural signal 
coding circuit comprise a single coder, a plurality of 
signal sources, first gating means for connecting each 
signal serce in turn to the coder, a plurality of storage 
means, and second gating means for connecting the output 
of the coder to each storage means in turn. 

is another feature of this invention that the coder is 
connected in Sequence to each signal source and to each 
storage ineans for recurrent Sampling intervals. 

It is a further feature of this invention that the storage 
neans comprises circulating delay means to Store it 
particular coded sample during successive time intervals 
and until a new coded sample is received from the coder. 
A complete understiinding of these and other features 

of this invention may be gained from consideration of 
the following detailed description, together with the ac 
companying drawing, in which: 

FIG. 1 is a schematic representation in block diagram 
form of a telephone system in which a signaling circuit in 
accordance with this invention may be employed; 

FIG. 2 is a schematic representation of a signaling cir 
cuit employing distinct coding means for each signal 
source, as known in the art; 

FIG. 3 is a schematic representation of one illustra 
tive embodiment of a signaling circuit in accordance with 
this invention that may be employed in the telephone 
system of FIG. 1; and 

FIG. 4 is a pulse sequence chart indicating the opera 
iton of the circuit of FIG, 3. 

Turning now to the drawing, there is depicted in FIG. 
1 a telephone system of the type disclosed in the afore 
entioned D. B. James ct al. application, wherein circuits 

in accordance with my invention may advantageously be 
employed. In this system a plurality of subscriber tele 
phenes 10 are individually connected to subscriber lines 
11 and may be selectively connected by a switching net 
work 12 in remote concentrator units A and B to a modu 
l:?r center C over common transmission links 113. Control 
equipment 14 in the modular center C then is operated, 
for example, in accordance with signals from a subscriber 
telephone 10 at remote concentrator A to complete a con 
nection through the central switches 15 to a called Sub 
scriber’s telephone in the same concentrator A, in rc 
mote concentrator B or over trunks to other rennote con 
centrators and foreign telephone systems. 

Advantageously, the system may be operated on a 
time division multiplex basis in which each subscriber's 
telephone 10 is assigned a particular sampling period or 
time slot in a cyclically recurreing group of time slots; 
the repetitively recurring cycle of time slots is referred 
to as a frame. Upon each occurrence of a time slot 
assigned to a particular calling subscriber's telephone a 
sample of information is transmitted from his telephone 
through the switching network 12 to encoder 16 at the 
remote concentrator. The sample is transformed into a 
series of digital impulses and transmitted over the S 
lead of transmission line 13 to the central switches 15 at 
the modular center C. From the modular center C the 
signal sa niple, still in digital form, is transmitted to the 
receiving subscriber's telephone. Considering that the 
receiving subscriber is located in another remote con 
centrator, the digital signal is transmitted over the R 
leid of arother transmission line 13 to decoder 17 at the 
remote concentrator where it is restored to a voice 
frequency signal and received at the receiving subscriber's 
telephone in the same time slot of a succeeding frame. 

It may be rote in this brief outline of the system opera 
tion that all triastinission between the remote concentrator 
units and the Switching center is accomplished in digital 
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4. 
form and that thic equipment for translation between voice 
frequency and digital signals is accomplished at the re 
mote concentrator units. 
The same transmission lines 3 are employed for 

talking and signaling. Thus, the various signaling tones 
Inlist also be placed in digital form to permit transmission 
over the common links. Equipment to provide the various 
tones advantageously is located at the modular center C 
and is provided in common to all remote concentrator 
Units, this obviating duplication of expensive tone generat 
ing equipment at each of the remote concentrator units. 
3:ch tone control Cqinnent 18 arpears in FG. 1 con 
nected between the central control 14 and central switches 
15 at the modular center C. As all signals transmitted 
through the nodular center C arc in digital form, the 
variety of tones generated at the modular center as 
required in Such a large scle telephone system must also 
appear in digital form. 
ASSume that two subscriber telephones 10 in distinct 

renote concentrators Sich as A and 8 require ringing 
tone and are assigned time slots 1 and 2, respectively. 
The control equipment at the switching center would be 
activated to connect the coded ringing tone sample to the 
R. leg of the transmission line 13 to concentrator A during 
the first time slot and to concentrator B during the second 
time slot. Similarly, subscriber telephones in other re 
note concentrator units may requirc ringing tone in 
time slots 1 and 2 or other time slots of the frame, where 
upon the coded ringing tone samples are applied to the 
R. leg Of each transmission line 13 to sich other remote 
concentrator units. It is evident, therefore that a coded 
sample of the ringing tone mist be available during each 
time slot of the frame and that the coded samples must 
be changed in each successive frame to perpetuate the 
time divided ringing tone. 

Considering that a large number of tones must be 
available in Silch a telephone system, the duplication of 
coding equipment as noted in FG, 2, to process each 
tone, would be costly. In this arrangement a sample of 
each tone to n is stored in a corresponding condenser 
21 during each time slot interval by operation of the cor 
responding gate 20. Each sample is then placed in digital 
form in the corresponding coder 22 and made available 
at its output terminal. 

It may be noted that the circuit of FG, 2 provides 
a new coded Sample of each tone during each time slot 
of the frame. However, as indicatcd hereinbefore, the 
System merely requires that a new coded sample of each 
tone be made available in each successive frame. It is 
possible, therefore, to eliminate the duplication of equip 
ment noted in FIO. 2 by employmcnt of a coding circuit 
in accordance with my invention. 
One specific illustrative embodiment of a signaling cir 

cuit in accordance with my invention is depicted in FIG. 
3 and comprises a single coder 39, storage means 31 
and Sequence switches 32 and 33 at the input and output 
of the coder 36, respectively. The various toncs re 
quired in the telephone system shown in F.G. 1 are 
represented specifically in FIG. 3 by ringing tone and 
busy tone sources, though other tone sources for other 
purposes are also provided, as indicated in FiG. 3. 
The Switch 32 comprises samping gates 34 connected 

to each tone source. The gates are enabled in sequence 
by control signals froii central control 4 so as to trans 
mit Sampies of each tone to the coder 30. The sampling 
time has an established duration less than one time slot 
interval, and each tone source is Sampled once per frame 
interval. 

i hic Switch 33 at the coder output Serves to direct the 
coded signal Samples Sequentially to a corresponding one 
of the storage inleins 31. The operating sequence of 
Switch 32 is synchronized with the operating sequence of 
switch 33. Each particular tone source, therefore, will 
have a corresponding recenice for storage of coded sann 
ples of its frequency. 
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signal 43 is also transmitted to the corresponding logic 
circuit 37 to inhibit the transfer of the coded word then 
present in shift register 38 from continuing to circulate 
therei. The new coded word is then shifted serially into 
the shift register 38 and is available at terminal 39 at the 
beginning of the next time slot 41. 
The same sequence of operations is then repeated for 

each of the remaining tones in order, control pulses 44 
and 45 enabling the gates corresponding to the busy 
tone source and pulses 46 and 47 operating the gates 
corresponding to the next tone source. Upon completion 
of Sampling of all available tones, switches 32 and 33 will 
be maintained inactive until a complete frame interval 
has elapsed, whereupon the tones are again Sampled 
sequentially and processed through the circuit to replace 
the coded samples stored during the previous franie. 
The length of a frame in the telephone system depicted 
in FlG. 1 may be established at 25 time slots, as noted 
hereinbefore, such that up to 25 tones could be made 
available with the instant invention during each frame, 
utilizing the single coder 31. 
While my invention has been disclosed with reference 

to particular logic circuitry in conjunction with a coder 
and shift register elements, it may be noted that various 
component substitutions are permitted. For example, a 
coder of the cathode ray tube type, as disclosed in W. M. 
Goodall Patent 2,616,060, issued October 28, 1952, may 
be utilized in place of the coder described hereinbefore. 
Also, the shift register storage means may be replaced by 
various forms of circulating delay means, as known in the 
art, to provide the essential storage operation at the coder 
output. 

it is to be understood that the above-described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. In a time division switching system, the combina 

tion for providing discrete coded samples of a plurality of 
tone signal frequencies to a transmission line corprising 
a plurality of distinct signal frequency sources, a coder, 
first gating means for connecting any one of said sources 
to said coder, means for enabling said first gating means 
to connect each of said sources to said coder in a par 
ticular time slot in a repeated cycle of said time slots, 
a plurality of storage means, second gating means for 
connecting the output of said coder to any one of said 
storage means, means for enabling said second gating 
Inleans to connect said coder to each of said storage means 
in the time slot reserved for a corresponding one of said 
sources, third gating means for selectively connecting the 
output of any one of said storage means to said trans 
mission line in any one of said time slots, and means for 
continuously circulating the coded signa? samples pro 
vided by Said coder through said storage means. 

2. En a time division multiplex communication system 
employing pulse code modulated transmission signals, 
the combination for making available a plurality of coded 
tones for selective sampling by said system comprising a 
coder, first switching means for selectively connecting a 
plurality of different frequency tone sources to said coder, 
digital storage means corresponding to each of said tone 
Sources, second switching means for selectively connecting 
said coder to said storage mcans, and means for operating 
said first and second Switching means in synchronism to 
stored coded samples of tones from said sources in said 
corresponding digital storage means. 

3. In a time division multiplex communication system, 
the combination in accordance with claim 2 further conn 
prising means for continuously circulating said coded 
samples of tones in said digital storage means. 

4. In a time division communication system, the com 
bination in accordance with claim 3 further comprising 
means for blocking the recirculation of said coded Sam 
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8 
ples of tones in said digital storage means and means for 
enabling said blocking means responsive to receipt in said 
digital storage means of one of said coded Samples of 
tones. 

5. A tone conversion circuit comprising a plurality of 
distinct tone sources, pulse code modulating means, first 
means for directing samples of tones from each of said 
tone sources to said pulse code modulating means in 
sequence, a plurality of pulse registering neans, each 
capable of storing a tone sample in coded form, second 
means for directing a tone sample in coded form from 
Said pulse code modulating means to one of said pulse 
registering means corresponding to said source providing 
said tone sample, and means for continuously circulating 
said coded sample in said pulse registering means. 

6. A tone conversion circuit in accordance with claim 5 
further comprising mcans for synchronizing the opera 
tion of Said first and second Sample directing means, 

7. A tone conversion circuit in accordance with claim 
5 further comprising means for blocking the recirculation 
of a coded sample in said pulse registering Jaeans upon 
receipt at said pulse registering means of a new coded 
sample. 

8. In a communication system, apparatus for providing 
each of a plurality of signaling tones in digital form 
during each of a succession of time slot intervals in a 
frame interval comprising means for codi ing tone fre 
quency samples in digital form, means for directing sann 
ples of a plurality of tone frequencies to said coding 
reans in successive time slot intervals of a recurrent 
frame of time slot intervals, means for storing coded 
samples of corresponding tone frequencies, means oper 
atcd in synchronism with saidi di rccting means for dircct 
ing coded samples from said coding means to said corrc 
sponding storage means, means for recirculating said 
codcd samples tli rough Said storage means, and means 
for inhibiting Such recirculation upon receipt of sub 
sequent coded samples at said storage means. 

9. A tone conversion circuit comprising a plurality 
of distinct tone sources, cooling means, means for sam 
pling the tones from said tone sources on a selective 
basis, means for applying said tone samples in Sequence 
to said coder, circulating delay means corresponding to 
each of said tone sources, means for selectively connect 
ing the output of said coder to each of said delay means 
in Sequence, and means for synchronizing the operation 
of said sampling means and said connecting means. 

10. A tone conversion circuit in accordance with 
claim 9 further comprising means for inhibiting the re 
entry of information stored in said circulating delay 
means and means including said connecting means for 
activa ting said inhibiting means. 

11. A signal conversion circuit coimprising a plurality 
of distinct signal frequency sources, a coder, first gating 
means for connecting any one of said sources to said 
coder, means for enabling said first gating means to con 
nect each of said sources individually and in time se 
querce to sail coder, a plurality of storage means, sec 
ond gating means, means for enabling said Second gating 
neans to connect said coder to each of said storage 
means individually and in time sequence, and means for 
continuously circulating through said storage means the 
coded signal samples provided by said coder. 

12. A signal conversion circuit for placing a plurality 
of distinct frequency signals in digital form comprising a 
coder, a plurality of signal sources, first means for con 
necting each of said signal sources to said coder during 
distinct time intervals, storage means corresponding to 
each of said signal sources, and Second means for con 
necting said coder to each of said storage means during 
corresponding distinct time intervals. 

13. A signal convcrsion circuit in accordance with 
claim 12 wherein said storage means comprises a plural 
ity of shift registers and further comprising logic means 
connected between the output and input of each of said 
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shift registers, said logic means being responsive to the 
receipt of a coded sample to inhibit the recirculation 
of a coded sample currently stored in said shift register. 

14. A signal conversion circuit in accordance with 
claim 12 wherein said first connecting means comprises a 
plurality of sampling gates connected to corresponding 
ones of said signal sources and said second connecting 
means comprises a plurality of coincidence gates con 
nected to corresponding ones of said storage means. 

15. A signal conversion circuit in accordance with 
claim 14 and further comprising means for enabling said 
sampling gates and said coincidence gates, respectively, 
in sequence and in synchronism with each other. 

ló. In a time division multiplex switching system, a 
first group of transmission paths, a second group of trans 
mission paths, a transmission medium between and con 
mon to said paths, a supervisory tone source, a first group 
of transmission gates each interposed between a respec 
tive first group transmission path and the common ne 
dium, a second group of transmission gates, one of the 
second-group transmission gates being a tone transmis 
sion gate interposed between said tone source and the 
common medium, other of the second-group transmission 
gates being each interposed between a respective second 
group transmission path and the common medium, means 
for applying coincident trains of enabling pulses to a 
predetermined pair of first-group and second-group trans 
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mission gates, to thereby establish an effective connection 
between the corresponding first-group transmission path 
and the corresponding tone source or second-group trans 
mission path. 

17. In a time division multiplex switching system, the 
combination as claimed in claim 16, wherein a plurality 
of supervisory tone sources are provided, each tone source 
having an individual one of said second-group transmis 
sion gates interposed between it and said common trans 
mission medium. 
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