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[57] ABSTRACT 

A full duplex, synchronous data set (10) includes primary 
signal processing circuitry Which generates a modulated 
transmit data signal in response to serial data from a terminal 
interface (17). The modulated data signal is transmitted over 
a primary channel of a transmit line (11). The primary signal 
processing circuitry also receives modulated data signals 
from a primary channel of a receive line (12) and recovers 
therefrom a serial bit stream for presentation to the interface. 
The operating parameters of the primary signal processing 
circuitry are speci?ed by a primary controller (30) over a 
plurality of buses (PA, PC, PD). The primary controller 
includes a microprocessor (310) and associated peripherals 
(315, 320, 325, 330, 335). The data set also includes 
secondary signal processing circuitry (40) Which transmits 
and receives diagnostic and control information over respec 
tive secondary channels of the transmit line and receive 
lines. The secondary signal processing circuitry is controlled 
by a secondary controller (50) over a plurality of buses (SA, 
SC, SD). The secondary controller also includes a micro 
processor (510) and associated peripherals (515, 520, 525, 
530, 535). The primary and secondary controllers commu 
nicate With each other via a bus interface (60). 

60 Claims, 16 Drawing Sheets 
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VICEBAND DATA SET 

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

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of the ?rst and this reissue 
speci?cation; matter printed in italics indicates the additions 
made by the ?rst reissue. Matter enclosed in double heavy 
brackets appears in the ?rst reissue patent but forms no 
part of this reissue speci?cation; matter printed in bold face 
indicates the additions made by this reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to the transmission of data 
and, in particular, to data sets. 

Workers in the data transmission art, particularly in the 
area of voiceband data transmission, have suggested various 
data set, or modern, designs which, in some way, operate 
under programmed processor, e.g., microprocessor, control. 
Such designs are disclosed, for example, in K. I. Nordling et 
al, Proceedings 1976 National Telecommunications 
Conference, p. 50.2.1 et seq; K. Watanabe et al, Conference 
Record, 1977 International Conference on Communications, 
p. 47.6—252 et seq; P. J. Van Gerwin et al, IEEE Trans. on 
Comm., February 1977, p. 238 et seq; US. Pat. No. 4,085, 
449 issued Apr. 18, 1978 to D. M. Walsh et al. 

One advantage of incorporating a programmed processor 
into a data set is that the design of the data set can be updated 
relatively inexpensively via program modi?cation both dur 
ing development of the design and after full-scale manufac 
turing has begun. Another advantage is that the data set can, 
with relative ease, be designed to operate with, for example, 
a number of signaling rates and modulation formats. 
Moreover, incorporating a programmed processor into the 
design makes it economically feasible to provide the data set 
with sophisticated features, particularly in the area of data 
set and network diagnostics. 

In a number of prior art designs, the real-time signal 
processing of user-provided data and received data signals is 
performed under program control by the processor itself. In 
order to ensure that all the processing which needs to be 
done within one symbol interval can be completed, these 
designs typically utilize so-called bit-slice processors, at 
least for high-bit-rate (4800 bit per second or greater) data 
sets. A drawback of this approach is that bit-slice processors 
must be custom-designed by the data set designer. This adds 
to the complexity of the design task. Moreover, it requires 
expertise in such areas as computer processor architecture 
and hardware—areas with which the person skilled in the 
data transmission art may not be familiar. 

It may be possible to design a data set which is able to 
perform the necessary processing using a conventional, e.g., 
MOS, processor. A drawback, however, is that substantial 
programming effort must be devoted in such a design to 
keeping real-time transmit and receive functions from inter 
fering with one another. Another drawback is that no matter 
whether a conventional or bit-slice processor is used, the 
processing capability of the processor may be substantially 
consumed with real-time signal processing tasks, leaving 
little, if any, processor capability for diagnostics or other 
functions. Apotential way to deal with these drawbacks is to 
divide the data set functions between two or more proces 
sors. There may be dif?culty, however, in coordinating their 
operations. 
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2 
SUMMARY OF THE INVENTION 

In a data set embodying the principles of the present 
invention, the real-time processing of user-provided data 
and/or received data signals is performed by special-purpose 
signal processing circuitry. A controller, which illustratively 
includes a programmed processor, controls the signal pro 
cessing circuitry by providing information as to how the 
signal processing circuitry is to perform the real-time signal 
processing. The controller provides this information by 
writing it into various registers within the signal processing 
circuitry. The registers are individually addressed by the 
controller to receive information provided on a data bus 
common to all of the registers. 

The controller may, more particularly, specify modes of 
data set operation, such as modulator state, encoder and 
decoder signal source, equalizer operating mode, etc. The 
controller may also specify operating parameter values, such 
as carrier frequency, bit rate, and ideal reference data to be 
transmitted during transmitter start-up. It may also specify 
various signal processing formats, such as scrambler/ 
descrambler and differential encoder/decoder algorithms 
and modulation formats. The controller does not, however, 
perform any of the real-time signal processing of user 
provided data or received data signals. 

This separation of control and real-time signal processing 
functions is advantageous from at least two standpoints. 
Since the controller is not required to perform the numerous 
arithmetic operations attendant to high-speed data signal 
processing, a relatively slow, commercially available micro 
processor can be used in the data set, rather than a custom 
designed, high-speed, e.g., bit-slice, processor, as might 
otherwise be required. Moreover, most of the updating of the 
data set design, once full-scale manufacturing has begun, is 
likely to be related to changes in other than the signal 
processing per se. Thus, it is advantageous to allocate the 
signal processing functions to special-purpose circuitry and 
to retain the ?exibility provided by a programmed processor 
principally for off-line (i.e., non-real-time) functions. 

The signal processing circuitry is illustratively realized in 
large-scale-integrated (LSI) circuit form. Although the 
development costs of LSI circuitry is high, its manufacturing 
costs are relatively low and, in the long run, a data set 
comprised of LSI circuits and a conventional processor is, 
advantageously, more economical to manufacture than one 
based on bit-slice processor technology. 

The capability of the signal processing circuitry to operate 
in accordance with various operating parameter values and 
signal processing formats is advantageous in that it allows 
the same signal processing circuitry and overall data set 
architecture to be used in a family of data sets, i.e., data sets 
which operate at various speeds and in accordance with 
various Bell System, CCITT, or other formats. This capa 
bility is also used in the present illustrative embodiment to, 
for example, effect the changes in data set operation atten 
dant to transitions between start-ups, normal data transmis 
sion and recovery, and turn-offs. 

In accordance with a feature of the invention, the con 
troller normally operates in a background loop in which it 
repetitively performs a number of predetermined back 
ground tasks related to the management of off-line data set 
operations and the monitoring of both off-line and real-time 
operations. To this end, and also to aid the controller in its 
control of the real-time signal processing, the signal pro 
cessing circuitry illustratively provides information to the 
controller via a number of registers from which the control 
ler can read over the above-mentioned data bus. The con 
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troller controls the real-time signal processing in response to 
interrupts generated by the signal processing circuitry upon 
the occurrence of any of several predetermined signal 
events. A particular advantage of this approach is that it 
provides a Way for the controller to concurrently control in 
an orderly Way a number of signal processing functions, e.g., 
both start-ups and turn-offs of both the data set transmitter 
and receiver circuitry. In particular, upon receiving an 
interrupt, the controller suspends its execution of the back 
ground loop and executes an interrupt service routine Which 
provides to the signal processing circuitry information 
appropriate to the type of interrupt that Was generated. For 
example, the signal processing circuitry generates an inter 
rupt When the so-called request-to-send lead is raised by the 
user’s terminal equipment. This causes the controller to 
execute an interrupt service routine Which provides infor 
mation needed by the signal processing circuitry to effect a 
transmitter start-up. 
TWo or more interrupt service routines may be associated 

With a particular type of interrupt. Afeature of the invention 
is that the particular interrupt service routine invoked in 
response to a particular type of interrupt is determined in the 
above-mentioned background loop. Thus, When an interrupt 
is received by the controller, the particular interrupt service 
routine to be invoked is already knoWn, thereby minimizing 
the time required to begin interrupt servicing. 

Another feature of the invention is that, as part of the 
above-mentioned background loop, the data set continu 
ously monitors various signals throughout the data set to 
check that it, and the netWork connected to it, are operating 
properly. 

Another feature of the invention is that at least portions of 
the signal processing circuitry may operate in response to 
programs Which are loaded into the signal processing cir 
cuitry by the controller prior to the initiation of real-time 
signal processing by those portions of the circuitry. This 
feature of the invention further facilitates relatively inex 
pensive updating of the data set design. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention Will be clearly understood from a consid 
eration of the folloWing detailed description and accompa 
nying draWing in Which: 

FIGS. 1—4, When arranged as shoWn in FIG. 5, shoW a 
voiceband data set embodying the principles of the inven 
tion; 

FIG. 6 shoWs the division of the bandWidth over Which 
the data set operates into primary and secondary channels; 

FIG. 7 depicts the front panel of the data set; 
FIG. 8 shoWs the overall sequence of operations per 

formed by a controller Within the data set; 

FIG. 9 shoWs various ?les stored in a read-only memory 
Within the data set controller; 

FIG. 10 shoWs a task table used by the data set controller; 

FIG. 11 depicts a portion of a random access memory 
Within the data set controller; 

FIG. 12 shoWs a menu table to Which the data set 
controller refers in executing various tests and commands 
initiated by the data set user; 

FIGS. 13—15, When arranged as shoWn in FIG. 16, shoW 
and encoder used in the data set; 

FIGS. 17—19, When arranged as shoWn in FIG. 20, shoW 
a decoder used in the data set; 

FIG. 21 shoWs a modulator used in the data set; and 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 22 shoWs a receiver processing and equalization 

circuit used in the data set. 

DETAILED DESCRIPTION 

FIGS. 1—4, When arranged as shoWn in FIG. 5, depict a 
full duplex, synchronous data set 10. Data set 10 is illus 
tratively a control data set connected to a tributary data set 
of similar design (not shoWn) via a four-Wire private line 
comprised of a tWo-Wire transmit line 11 and a tWo-Wire 
receive line 12. The bandWidth of both the transmit and 
receive lines is divided into a primary channel and a sec 
ondary channel, as shoWn in FIG. 6. The primary channel 
carries modulated data and start-up signals and also various 
test signals. The secondary channel carries diagnostic and 
control information betWeen the tWo data sets. 

Data set 10 includes primary and secondary channel 
circuitries Which are associated With communications over 
the primary and secondary channels, respectively. In 
particular, the primary channel circuitry is comprised of 
primary signal processing circuit 20, controller 30 and 
primary input/output (I/O) circuitry 80. 

Circuitry 20 performs the real-time processing of user 
provided data and received data signals. As Will be described 
in detail hereinbeloW, circuitry 20 receives serial data from 
the user’s terminal equipment (not shoWn) at 4800 bits per 
second (bps). This signal is scrambled, encoded and format 
ted into three-bit symbols. It then modulates a carrier of 
frequency fC using 8-phase, phase shift keying (PSK), yield 
ing a baud (symbol) rate of 1600. The modulated transmit 
data signal is transmitted over the primary channel of line 
11. Circuitry 20 also receives PSK data signals from the 
primary channel of line 12, recovers a 4800 bps far-end data 
stream therefrom and presents it to the user’s terminal 
equipment. In accordance With the invention, circuitry 20 is 
controlled by controller 30, Which provides information to 
circuitry 20 as to hoW the latter is to perform the real-time 
signal processing. Control 30 also controls primary (I/O) 
circuitry 80. Both circuitry 20 and controller 30 operate in 
response to a clock signal of approximately 1.8 MHZ pro 
vided by primary master clock 25 over lead 26. 

The secondary channel circuitry, also referred to as the 
Data Set Diagnostic Unit (DDU), includes secondary signal 
processing circuitry 40, Which is controlled by a secondary 
controller 50. Controller 50 operates in response to a clock 
signal, also of approximately 1.8 MHZ, provided by sec 
ondary master clock 45. Circuitry 40 receives diagnostic and 
control information from controller 50 and converts it into 
an FSK signal having upper and loWer frequencies fU and fL. 
This signal is transmitted over the secondary channel of line 
11. In addition, circuitry 40 receives FSK signals from the 
secondary channel of line 12 and presents a Waveform 
representing the Zero crossings of the received signal to 
controller 50, Which recovers the transmitted intelligence. 

Controller 50 communicates With controller 30 via a bus 
interface 60 and communicates With a diagnostic control 
device (DCD) 75 via a diagnostic channel circuitry 70. 
Controller 50 also controls secondary I/O circuitry 90. 

PRIMARY CHANNEL CIRCUITRY—SYSTEM 
OPERATION 

Primary Signal Processing and I/O Circuitry 
Primary signal processing circuitry 20 interfaces With the 

user’s terminal equipment via interface connector 17, Which 
is compatible With EIA standard RS-449. Of the interface 
leads Which extend from the user, the SD (send data), TT 




































