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(57) Abstract

A master/slave communication and control system (10) includes a master controller (12) and a plurality of slave subsystems (14A,
14B, 14C), the master controller connected with the slave subsystems through first and second independent serial data buses (20A, 20B),
designated as a working data bus and a standby data bus. The master controller drives a A/B select line (22) applied to each slave
subsystem to select which data bus the slave subsystems will use to communicate with the master controller. Each slave subsystem
generates an independent request for communication signal, carried on independent input request lines (18A, 18B, 18C) to the master
controller. A plurality of kill signals are generated by the master controller and applied over independent kill lines (16A, 16B, 16C) to
each slave subsystem, whereby the master controller may send the kill signal to any one of the slave subsystems. Each slave subsystem
can receive its respective kill signal and disconnect itself from the data buses.
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CONTROL AND COMMUNICATIONS APPARATUS
Technical Field of the Invention

The present invention pertains generally to telecommunications,
and more particularly to a system for interconnecting a master controller and
slave subsystems in telecommunications equipment.

Background of the Invention

In telecommunications, it is essential that systems are redundant
and have protection switching capability. A typical communications system
includes standby circuits which may be quickly switched into operation to
back up a falling main or working unit.

Telecommunications equipment sometimes includes a plurality
of telecommunication subsystems or modules, which communicate with a
master controller. To minimize system failures, and consequently system
downtime, it is essential that the system for interconnection and
communication between the master controller and the slave subsystems be
robust, but also capable of high speed, high level communication.

The present invention provides a system for communication
between a master controller and slave subsystems in telecommunications
apparatus. The slave subsystems may perform telecommunications ﬁ.mctioﬁs,
such as signal processing or switching, with the master controller
communicating with andboontrolling the operation of the slave subsystems.
The system includes two serial communication data buses, one a working bus,
the other a standby bus for communications between the master and the slave
subsystems. A dedicated select line runs from the master to each of the
slaves and is used to switch the slaves between the two data buses. A
separate kil line runs between the master subsystem and each slave
subsystem, and a separate requést (for communication) line runs from each
slave subsystem to the master controller. In operation, a slave subsystem may
request communication with the master controller, using the request line, thus
providing a robust technique for gaining communication with a master

controller. High level (and thus error prone) communications between the
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master and slave subsystems are carried out over one of the serial data buses,
with the other one held in standby. The master controller includes fault
detection and/or functionality (which may be performed by software) which,
by monitoring the operation of the slave subsystems or other elements of the
system, may be determined that the working data bus is inoperative and
thereby cause each of the slave subsystems to switch to the standby data bus
for further communications. In the event the controller determines that a slave
subsystem is interfering with either or both buses, or is otherwise improperly
functioning, the kill line for the associated slave is used to signal the slave to
cease operation and disconnect itself from the system.

Thus, the system as described above provides for fast and
efficient high level communication over the serial data bus, for a robust hot
standby data bus back-up, and for a robust disabling of a slave subsystem and
robust signaling by a slave subsystem to a master controller with
communication requests .

Brief Description of the Drawings

Figure 1 is a simplified block diagram showing the overall
configuration of the system of the present invention;

Figure 2 is a simplified block diagram of a slave subsyster
according to the present invention; _

Figure 3 is a simplified block diagram of a master controller
according to the present invention.

Detailed Description of the Invention

In the following detailed description of the preferred
embodiment, reference is made to the accompanying drawings which form a
part hereof and in which is shown by way of illustration an exemplary
embodiment in which the invention may be practiced. This embodiment is
described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized
and that structural or logical changes may be made without departing from the
scope of the present invention. The following detailed description 1is, therefore,

not to be taken in a limiting sense, and the scope of the present invention is
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defined by the appended claims.

Referring now to Figure 1, the present invention comprises a
master controller 12 communicating with a plurality of slave subsystems 14A,
14B and 14C, hereinafter generally or collectively referred to as slave

5 subsystems 14. Kill lines 16A, 16B and 16C (generally and collectively
referred to as kill line 16) are provided for each of the slave subsystems 14A,
14B and 14C, respectively. Kill lines 16 each comprise an individual,
dedicated connection between the master controller 12 and the associated
slave subsystem 14.

10 Request lines 18A, 18B and 18C (generally and collectively
referred to as request lines 18) connect slave subsystems 14A, 14B and 14C
respectively to the master controller 12. Slave lines 18 are each individual
dedicated connections between the master controller 12 and the slave
subsystems 14.

15 Data buses 20A and 20B are each independent serial data
buses, which are connected between the master controller 12 and the slave
subsystem 14. Each slave subsystem 14 has an independent connection to
each of the data buses. A select line 22 from the master controller 12
connects to each of the slave subsystems 14 and is a dedicated hard wired

20 connection which can be used by the master controller to signal the slave
subsystems as to which data bus to select for purposes of serial data
communication with the master controller. The term "dedicated connection,"
as used herein, means that the connection referred to is preferably physical
(for instance, hard wired), as opposed to a connection "carried" in a higher

25  level protocol signal. The main requirement is that the dedicated line is
robust and highly fault resistant.

In operation, one of the data buses operates as a working data
bus, the other is a standby data bus. In the event that a fault condition is
detected on one of the data buses by the master controller 12, the select line

30 22 may be used by the master controller to signal each of the slaves 14 to
switch operation to the standby data bus. If a slave subsystem seeks to send a

communication to the master controller, it uses its request line 18 to signal the
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master controller that it wishes to communicate with the master controller.
The master controller unit 12 can acknowledge the request on the working
data bus and signal the slave subsystem to send its communication to the
master controller 12. Therefore, there is independence between the data bus
and the request line, allowing a higher level of robustness than would be
achievable if the slave unit communicated only through the serial data bus.
For example, if a request for communication is received from a slave
subsystem over request line 18, but the slave subsystem fails to respond to a
command sent to the slave subsystem over the data bus, by communication
back over the data bus, the master controller may conclude, based on this
fault and possibly the condition of other faults in the system, that the slave
subsystem is defective, or possibly that the data bus is inoperative. In the
event that a slave subsystem failure is detected, the master controller 12 may
"kill" that slave unit with the associated kill line. The kill line can be hard
wired into the associated slave subsystem, and provides for the disabling of
the slave subsystem and its removal from the data bus and other system
circuits, either through cutting power to the selected circuits in the unit, or
through switching the circuits in the subsystem out of communication with the
data bus. -
Referring now to Figure 2, there is shown a simplified block
diagram of one of the slave subsystems 14. The subsystem includes a slave
signal processing module 30, which may comprise signal processing circuits
or a microprocessor program to perform signal processing on
telecommunications signals, or may comprise switching apparatus, or other
telecommunication functionality. The slave signal proccssing module has a
request line output "R" and a kill line input "E." Module 30 further includes
a serial port 32. Serial port 32 is connected through a selector circuit 34,
which may connect the serial port to either one of driver/receiver circuits 36A
or 36B. Circuits 36A and 36B each include a line driver for driving a line of
the serial data bus, and a receiver for receiving input from the serial data bus.
Each of serial data buses A and B may be two-wire, full-duplex buses, for

example, however, the form of the serial data bus is not important to the
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invention. Selector circuit 34 is under the control of the select line from the
master controller unit 12 in order to connect the serial port of slave signal
processing module 30 to either circuit 36A or 36B. Module 30, selector 34
and circuits 36A and 36B all receive an input from the kill line for the slave
subsystem controlled by the master controller unit 12. When activated, the
kill line preferably disables the slave signal processing module 30, the selector
34 and the circuits 36A and 36B, so that the slave subsystem is effectively
electrically isolated and decoupled from the data buses A and B. The specific
architecture or implementation of the kill feature or kill line of the present
invention, however, is not critical. For example, the kill signal could control
a switch positioned between circuits 36A and 36B and the buses A and B or
could control the power to the circuits in the unit with at least the circuits
36A and-36B designed to enter a high impedance state when power is
removed. Thus, the slave subsystem may signal the master processor unit 12
using the request line, be "killed" with the kill line from the master processor
unit 12, and be switched from the A data bus to the B data bus on the
application of the select signal from the master controller 112. v
Referring now to Figure 3, there is shown in more detail a
simplified block diagram of the master controller 12. Controller 12 includes a
controller processor 40, which includes fault detection circuitry software 42
and a serial port 44. Controller processor 40 may comprise controller
circuitry and/or a software-driven microprocessor for controlling the operation
and/or monitoring the operation of the slave subsystems 14. Serial port 44 is
connected through a selector 46, which receives a select line from the
controller processor, and controls which of line drivers/receivers circuits 48A
or 48B receive the serial port I/O stream. once selector 46 is switched to
communicate with line driver/receiver circuit 48A, the signal on the A/B
select line 22 is set to enable communication through the A receiver/driver
circuits 36A of the slave subsystems 14. Otherwise, the signal on the A/B
select line is set to enable communication in the slave subéystems through
driver circuits 36B. Thus, selector 46 both switches the I/O path from the
serial port 44 to the selected ones of circuits 48A and 48B and, in addition,
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generates the A/B select line signal as required to control the slave
subsystems selector circuits 34. Exactly how the select signal is generated,
however, is not important to the invention. A kil circuit 50 and a request
circuit 52 are provided in master controller unit 12. Kill circuit 50 is
controlled by controller processor 40, to generate a signal on each of the kill
lines 16, in accordance with the operating principles of the invention. Circuit
52 receives request signals from the slave subsystems over the request lines
18, which requests are communicated to the controller processor 40, for
example, by polling of the circuit 52 by controller processor 40, or by an
interrupt event. However, how the kill signals are generated or the request
received by processor 40 is not important to the invention. Fault detection
circuitry/software 42 may comprise fault detection circuitry or may comprise
fault detection algorithms programmed into a microprocessor. The fault
detection algorithms may be sensitive to the response of slave subsystems to
queries made by the controller processor to those subsystems and/or be
additionally responsive to other fault detection signal inputs, as may be
provided from other circuits or subsystems. The particular fault detection
mechanism or algorithm used is not, however, critical to the invention.
Thus, as described above, the present invention provides a
robust system for communication between a master control unit and a slave
subsystem in telecommunications equipment requiring a high degree of

dependability and fast protection switching, in the event of equipment failure.
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IN THE CLAIMS:

1. A system for communication and control between a master controller
unit and a plurality of slave subsystems in telecommunications equipment,
comprising:

a plurality of slave subsystems, each of said slave subsystems
including a request line output for connection to a request line, a kill line
input for connection to a kill line, first and second circuits for interconnecting
with first and second data buses and a select line input, each slave unit further
including means for receiving a select signal on the select line input and
selecting connecting a serial port in the slave subsystem to one of the first and
second circuits connecting to the first and second data buses, the slave
subsystem further including means for disconnecting the first and second
circuits from the first and second data buses in response to a signal received
on the kill line input, and means for generating a request signal on the request
line output, the request signal requesting communication with a master
controller;

the master controller including a plurality of kill line outputs for
connecting to a plurality of kill lines, with each kill line connected to one of
the slave subsystems, a plurality of request line inputs connected to request
lines connected to the request line outputs from the slave subsystems, means
for connecting a serial port of the master controller with a selected one of the
data buses A and B, and a select line output for connecting to a select line,
the select line connected to each of said slave subsystems, and means for
applying a select signal to the select line so that the connection of the slave
subsystems to the A and B data buses is controlled by the master controller,
said master controller further including means for generating a plurality of kill
signals to be applied to respective kill line outputs, and means for receiving

request signals from the request line inputs.
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