
UK Patent Application (,s,GB „„ 2 031 628 A 

(21) Application No 7933362 
(22) Date of filing 26 Sep 1979 
(30) Priority data 
(31) 946566 
<32) 28 Sep 1978 
(33) United States of America 

(US) 
(43) Application published 

23 Apr. 1980 
(51) INT CL3 

H04B3/50 
(52) Domestic classification 

G4H13D14B14D1ANA 
(56) Documents cited 

GB 1510462 
(58) Field of search 

G4H 
(71) Applicants 

General Atomic 
Company, 
10955 John Jay Hopkins 
Drive, 
San Diego, 
California, 
United States of America. 

(72) Inventors 
Donald Chester Union 

(74) Agents 
R. C. Rogers 

(54) Digital communication system 

(57) A digital communication system 
for communicating among two central 
consoles C and a plurality of local 
controllers X, e.g. in a radiation and 
monitoring system, provides communi-
cation between each of the consoles 
and all of the local controllers via dual 
paths. Each path is independent of the 
other and each extends from one of the 
consoles to all of the local controllers 
from opposite directions, thereby form-
ing a unique non-continuous loop. 
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SPECIFICATION 

Multiple-processor digital communication system 

5 The present invention relates to digital communica-
tion systems, and more particularly to systems of the 
type which can be used in radiation monitoring 
systems where system reliability must be main-
tained at a high level. 

10 There has been much research and development 
activity directed towards digital communication sys-
tems that transmit data between one or more 
consoles and a number of remote devices using one 
or more communication loops. Many communica-

15 tion systems, including those that are used in 
radiation monitoring of nuclear power stations and 
the like, must have protective safeguards which 
ensure system integrity even when a fault or mal-
function occurs in one or more of the components 

20 thereof. While systems have been developed which 
utilize a single loop that can be reconfigured at 
certain locations to isolate a fault, they usually have 
a single path forming a continuous loop and also 
often have a single console. Other reconfigurable 

25 systems have been relatively fixed in that they 
restructured the communication buses into another 
of a few predetermined reconfigurations and did not 
have any substantial operational flexibility. Com-
munication systems have also been devised which 

30 have multiple central consoles for redundancy, and 
which enabled a second console to take over 
operation of the system in the event that the first 
console went down, but communication from each 
console to the local controllers has generally been 

35 through a separate loop, i.e., each console controlled 
a single loop which extended to each of the local 
controllers. 

An object of the invention is to provide a system 
for communicating among two central control con-

40 soles and a plurality of local controllers, such as may 
be used in a radiation monitoring system and the 
like, wherein the system has two independent paths 
of communication in a unique non-continuous loop 
and wherein the system has extreme flexibility in its 

45 operation and ability to isolate faults or malfunction-
ing local controllers and still maintain communica-
tion among all other controllers and both consoles. 

Another object of the invention is to provide a 
system wherein the local controllers are linked 

50 together by two communication paths, wherein each 
path is independent of the other and wherein a local 
controller can be isolated from the paths without 
destroying communication between all other con-
trollers by either console via one or the other of the 

55 paths. 
Another object of the invention lies in the provi-

sion of having an independent two wire communica-
tion path extending from each console to the local 
controllers, each of which is capable of being 

60 reconfigured by each local controller in the sense 
that each local controller is capable of blocking 
transmission in either direction along the path as 
well as isolating itself from the path without affect-
ing communication in either direction along the 

65 path. 

Another object of the invention is to provide a 
system wherein command messages are processed 
by all controllers and response messages are made 
by the addressed controller and are not processed 

70 by the other controllers. As the often lengthy 
response messages are relayed through the other 
controllers, their processing means do not see them 
and are not burdened by them. 

Still another object of the invention is to provide a 
75 system of the foregoing type wherein each of the 

local controllers selectively blocks communication in 
one or both of the communication paths in the event 
of a runaway transmission by one of the local 
controllers and wherein the system systematically 

80 reconnects the local controllers onto the previously 
blocked communication paths in a manner whereby 
the malfunctioning controller is isolated and thereby 
enables communication to be re-established among 
the consoles and all other controllers in the system. 

85 A more detailed object of the invention is to 
provide a system that utilizes bi-directional duplex 
communication links between local controllers 
wherein command messages originating at a con-
sole are transmitted in one direction and response 

90 messages from a local controller are transmitted in 
the opposite direction and wherein reflections of 
these messages are blocked from being transmitted 
in the wrong direction. 

The invention therefore provides a system for 
95 communicating among two central consoles and a 

plurality of local controllers, comprising: first and 
second central consoles for controlling the com- -
munication of said system, said consoles selectively 
issuing command messages to said controllers and 

100 for receiving response messages therefrom; a first 
two line communication path for selectively trans-
mitting messages in both directions, said first path 
extending from one central console serially to all of 
said plurality of controllers; a second two line 

105 communication path for selectively transmitting 
messages in both directions, said second path 
extending from the other console serially to all of 
said plurality of controllers, the controllers being 
connected nearer to said first console via said first 

110 path also being connected relatively farther from 
said second controller via said second path; said 
central consoles being interconnected so that each 
console is capable of communicating with each 
controller via each path. 

115 Byway of example an embodiment of the present 
invention will now be described in more detail with 
reference to the drawings, in which: 

Figure 1 is a simplified block diagram of the 
system according to the invention, and illustrates 

120 two consoles and a number of local controllers that 
are connected by the unique non-continuous loop 
having dual paths of communication; 

Figure2a and 2b are simplified block diagrams 
showing a portion of a single bi-directional duplex 

125 communication path together with a portion of two 
local controllers; 

Figure 3 illustrates a more detailed block diagram 
of a local controller of the system according to the 
invention; 

130 Figure 4 illustrates another simplified block dia-
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gram of the system according to the invention, and 
illustrating two central consoles, the dual duplex 
bi-directional communication paths and three local 
controllers in the environment of a radiation moni-

5 toring system; 
Figure 5comprises an electrical schematic circuit 

diagram of the circuitry of the local controllers 
shown in the block diagram of Figure 3. 

The invention comprises a communication system 
10 that can be used in radiation monitoring and control 

systems of a nuclear power station and the like, 
which has extreme flexibility of operation which 
contributes to its overall reliability to carry out the 
communication functions that are necessary in such 

15 an application. Because system reliability is of such 
critical importance in such an environment, the 
invention incorporates many desirable system fea-
tures such as redundancy and the ability to reconfi-
gure or isolate malfunctioning components and 

20 does so in a unique manner. The system utilizes two 
central control consoles, with a communication path 
extending from each console to all of the local 
controllers that are part of the system and also 
includes an interconnection between the two con-

25 soles. When the system is operating without a 
malfunction or fault, each console can communicate 
with any local controller in the system via its own 
independent half duplex two wire communication 
path which extendsfrom the consoleto all of the 

30 local controllers. A communication path is also 
provided between the consoles which enables one 
consoleto use the other console's direct communi-
cation path in the event that a malfunction occurs in 
its own path. If the malfunction occurs at a local 

35 controller that is, for example, in the middle of the 
group of local controllers, all controllers upstream of 
the malfunctioning controller can be communicated 
with by the subject console directly through its 
communication path and all controllers downstream 

40 or beyond the malfunctioning controller can be 
communicated with via the second communication 
path, the other console and the interconnection 
between consoles. (As a matter of definition herein 
"upstream" relative to a local controller is intended 

45 to mean towards the console in the particular 
communication path and "downstream" is intended 
to be away from the console in the path. Thus, one 
local controller would be "upstream" from another 
in one path, but "downstream" from the other in the 

50 other path.) In the above example, the malfunction-
ing controller can be isolated and communications 
can be continued between the console and all other 
local controllers in the system. 

The capability of isolating a local controller pre-
55 vents a malfunctioning local controller from inter-

rupting communication between a console and 
several of the controllers as is the case with many 
prior art systems. This aspect of the system can be 
more readily understood by referring to Figure 1 

60 which is a simplified block diagram embodying the 
system and includes two central consoles 10 and 12, 
as well as a plurality of local controllers, the block 
diagram of which includes only three controllers 
14a, 14b and 14c. The console 10 is connected to the 

65 controllers via a communication path 16andthe 

console 12 is connected to the same controllers via a 
communication path 18. A communication path 20 
extends between the consoles 10 and 12. Each of the 
communication paths 16,18 and 20 preferably 

70 comprises half duplex, two wire cables and the paths 
16 and 18 are independent from one another. During 
normal operation, the console 10 can communicate 
with the controllers via the communication path 16 
and the console 12 can communicate with the same 

75 controllers via the communication path 18. The 
advantages of the non-continuous loop is that 
communication between one console and the con-
trollers is independent of the communication be-
tween the controller and the other console by virtue 

80 of the independent paths 16 and 18, and yet, when a 
controller 14fails and does not relay command 
messages from one console, that console can com-
municate through the other console to the control-
lers beyond the failed one. More specifically, in the 

85 event that controller 14b fails, console 10 can 
communicate with controller 14a via the path 16 and 
can also communicate with controller 14c via com-
munication path 18, console 12 and the path 20. Each 
console remains master over all communications 

90 along its path through the controllers and merges 
communication requests from the other console into 
its own communication stream. 

Each of the paths 16,18 and 20 comprises a 
2-conductor half duplex serial communication chan-

95 nel, with both conductors carrying the messages in 
both directions, since the messages are relayed by 
controlling the current flow through the conductors. 
Thus, referring to Figures 2a and 2b, which illustrate 
a portion of local controllers 14a and 14b with the 

100 2-conductor communication path 16 between con-
trollers 14a and 14b forms a loop, with a current 
source /'being provided for the loop by the controller 
14a. There needs to be only one current generator 
for each loop and, accordingly, the current generator 

105 /' of the local controller 14a supplies current for use 
by a transmitter T2, a receiver R2 of the local 
controller 14a, as well as a transmitter T1 and a 
receiver R1 of the local controller 14b. Similarly, the 
current source of the local controller 14b supplies 

110 the current states for the loop of which the transmit-
ter T1 and the receiver R1 are apart. It should be 
appreciated that the console 10 would similarly have 
a current source for use in the loop containing a 
receiver R1 and a transmitter T1 of the controller 14, 

115 while the console 12 would not need a current 
source, since the local controller 14c would have 
one. The transmitter T2 in the controller 14a and the 
transmitter T1 in the controller 14b switch the 
current flow and therefore control the communica-

120 tion between the two controllers. The receivers R2 
(of the controller 14a) and R1 (of the controller 14b) 
will both receive any transmission that is provided 
by the transmitters T2 and T1 in the loop. This can be 
readily understood when it explained that the receiv-

125 ers are light emitting diode portions of opto-isolators 
and the transmitters are the photo-transistor portion 
of other opto-isolators. 

Referring to Figure 2a, as a command message 
from the console 10 is transmitted on the lines 16 

130 shown to the left of the controller 14a, the message 
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being comprised of one or more 10 bit words, 
wherein each word has a start bit, 8 bits of data, 
followed by a stop bit, it is received by the receiver 
R1 of controller 14a and is relayed to the transmitter 

5 T2 for further transmission along the lines 16 to the 
controller 14b where it is received by the receiver R1. 
The receiver R1 of controller 14b then relays the 
message to the transmitter T2 for further transmis-
sion throughout the controllers in the path. The 

10 message that is transmitted by a transmitter T2 is 
also received by a receiver R2, and in accordance 
with the invention, these command messages are 
not relayed from the receiver R2 to the transmitter T1 
of the same local controller because if such was 

15 done, the receiver R1 therein would receive the 
transmission from the transmitter T1 and would 
thereby mix the message with subsequent incoming 
communications from the console. 

The local controllers also generate response mes-
20 sages to the command messages, provided the 

command message has addressed the particular 
local controller, it being understood that all local 
controllers receive and process all command mes-
sages and only the local controller in which a unique 

25 address identifying the same generates a response. 
In the event that a response is generated, it is 
transmitted back to the console to provide the 
requested information. During the transmission of 
the response message and referring to Figure 2b, a 

30 response message from the local controller 14c, for 
example (not shown) would appear on the right-
most lines 16 and be received by the receiver R2 of 
the controller 14b which would relay the message to 
the transmitter T1 which would transmit it to the 

35 receiver R2 of the controller 14a as well as to its own 
receiver R1. The receiver R2 of the controller 14a 
would relay the message to the transmitter T1 which 
would transmit the message back to the console as 
desired. The receiver R1 of the controller 14a would 

40 not relay the message to the transmitter T2 (or the 
receiver R1 to the transmitter T2 in the controller 
14b) for if this happened, the action of the transmit-
ter T2 of the controller 14a would be received by the 
receiver R2 which would be mixed in with the new 

45 responses being originated by the local controller 
14c. Thus, as is evident from the description of 
Figures 2a and 2b, the reflected signals are blocked 
by a logic (not shown) that detects a new message in 
one direction and blocks all messages in the oppo-

50 site directions. In other words, when command 
messages are being transmitted along lines 16 to the 
right, receivers associated with response messages 
are precluded from relaying any reflected command 
messages to response message transmitters and, 

• 55 conversely, when response messages are being 
transmitted, command message receivers do not 
relay any reflected messages to the command 
message transmitters. This ensures that command 
messages travel the full length of the communica-

60 tion path so that an addressed local controller will 
receive, process and respond to the command 
message and the response messages will be trans-
mitted back to the console as desired and will not be 
reflected and transmitted in the wrong direction. 

65 To accomplish the necessary relaying of messages 

in the proper directions without generating any 
reflected messages in the incorrect direction, logic 
and gating is used as will now be described in 
conjunction with the block diagram shown in Figure 

70 3 which illustrates a single local controller 14b. 
It is shown to have leftward pairs of lines 16 and 18 

which extend to the local controller 14a and right-
ward pairs of lines 16 and 18 which extend to the 
local controller 14c. Referring to the upper-left lines 

75 16, they are shown to be connected to opto-isolators 
22 and 24, with the upper-left line 16 entering the 
opto-isolator 22 being connected to a light emitting 
diode 26 which in turn is connected via line 28 to a 
photo-transistor 30. The light emitting diode 26 is 

80 optically coupled to a photo-transistor 32 having its 
collector connected to a line 34 which extends to an 
AND gate 35, the output of which is connected to the 
receiving input of a universal synchronous/asyn-
chronous receiver/transmitter 36 via a line 37. The 

85 line 34 is also connected to a reclocking circuitry and 
logic 38. The command messages from the console 
10 appear on the line 34 and are gated through AND 
gate 35 to be received by the universal synchronous/ 
asynchronous receiver/transmitter 36 which con-

90 verts the serial data to parallel data and forwards it via 
a line 40 to a processing unit 42 having an associated 
memory 44. The processing unit 42 determines if the 
command message is intended forthe particular 
local controller 14b. By virtue of the fact that the lines 

95 16 may be quite long, the command message may 
be appreciably degraded and it isforthis reason that 
the reclocking circuitry 38 essentially reshapes the 
data, delayed by a predetermined amount (approxi-
mately 1/2 of one bit of serial data) and the message 

100 is essentially reshaped and appears on the line 46 
which extends to an opto-isolator 48, the line 46 
being connected to a light emitting diode 50 which is 
optically coupled to a photo-transistor 52 which 
provides the on-off current states on the lines 16 

105 which extend to the local controller 14c. 
If it is assumed that the local controller 14c or 

some other downstream local controller has been 
addressed and requested to provide a response 
message, it will appear on the rightward lines 16, the 

110 upper one of which extends to an opto-isolator 54, 
the line being specifically connected to a light 
emitting diode 56 that is optically coupled to a 
photo-transistor 58, the collector of which is con-
nected to a line 60 that extends to the reclocking 

115 circuitry and logic 38 that accomplishes the same 
task that is performed with respect to the data on the 
line 34. The reclocking circuitry and logic 38 re-
sponse message output appears on a line 64 which 
extends to one input of an AND gate 66, the other 

120 input ofwhich is supplied by a line 68, the transmit-
ter output of the universal synchronous/asynchro-
nous receiver/transmitter 36. The output of the AND 
gate 66 appears on a line 70 that is connected to a 
light emitting diode 72 and the data that is present 

125 on the line 70 will cause the light emitting diode 72 to 
selectively switch the photo-transistor 30 so that the 
response message can be transmitted via the left-
ward lines 16 back to the console 10 as desired. 

It should be appreciated that the photo-transistor 
130 30 is in the same current loop as the light emitting 
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diode 26, so that a response message will also be 
detected by the photo-transistor 32 and will there-
fore be available on the line 34. However, the 
operation of the circuitry is such that the gate 35 is 

5 disabled when a response message is being reclock-
ed through the controller or if a response message is 
being generated by this controller. Since the re-
sponse message that is reflected onto line 34 is not 
desired to be transmitted through the reclocking 

10 circuitry and logic 38 onto line 46 towards the 
rightward local controllers since line 46 should only 
carry command messages, the reclocking circuitry 
38 automatically inhibits this portion of the circuitry 
and effectively blocks the reflected message. In a 

15 similar manner, transmission of a command mes-
sage on the line 46 will cause the opto-isolator 48 to 
operate and this message will be detected by the 
opto-isolator 54 via the lines 16. Thus, the reflected 
command message will be present on the line 60. 

20 However, the reclocking circuitry and logic 38 will 
automatically block this path so that the command 
message will not be sent back upstream towards the 
console. 

The system is designed to issue a poll to each local 
25 controller at predetermined intervals. If the proces-

sing unit 42 of the local controller 14b fails to receive 
a poll on path 16, its processing unit 42 automatically 
issues a signal to the universal synchronous/asyn-
chronous receiver/transmitter 36 causing it to apply 

30 a signal on a line 74 that causes the reclocking 
circuitry and logic 38 to block transmission in both 
directions. The processing unit also has associated 
timing circuitry which determines if the processing 
unit is properly operating, i.e., the processing unit 

35 must issue a particular signal to the circuitry at 
regular intervals. If the signal is not received by the 
timing circuitry, it shuts down the processing means 
and also de-energizes relays which isolate the entire 
local controller from the lines 16. The timing circuitry 

40 is not specifically shown but is easily constructed 
and may comprise a mono-stable multi-vibrator 
which is adapted to time out and provide a suitable 
output signal if it does not receive the regular pulses 
(1 per second, for example) from the processing 

45 means. The isolation is accomplished by relay 
contacts 76 switching from position 1 to position 2 
where the lines 78 effectively bypass the entire local 
controller. The circuitry shown in the lower half of 
Figure 3 is virtually identical to that shown and 

50 described with respect to the communication path 
16, the lower half merely comprising circuitry for the 
path 18. In this circuitry for the path 18among other 
things a universal synchronous/asynchronous re-
ceiver/transmitter 236 and a reclocking circuitry and 

55 logic 238 are shown. 
The communication system of the invention is 

particularly adapted for use In radiation monitoring 
systems and a block diagram of an entire system in 
this kind of environment is shown in Figure 4 and 

60 includes the consoles 10 and 12, the communication 
paths 16,18 and 20, and the receivers and transmit-
ters. The local controllers have a processing unit 42 
and memory 44 and also have radiation monitors 80 
connected thereto by lines 82. A panel 84 which may 

65 include a display and keyboard is also connected to 

the processing unit via lines 86. 
The overall operation of the system having the 

local controllers 14a, 14b and 14c to consoles 10 and 
12 in the manner as shown in Figure 4 with the local 

70 controllers having circuitry as shown in Figure 3 will 
now be described. 

If a console command message is transmitted via 
the communication path 16 to the local controllers, 
all controllers accept and process the message to 

75 determine which controller is being addressed. If the 
command message from the console 10 is addres-
sed to local controller 14b, for example, that control-
ler will originate the response message after the 
command message is completely received. The 

80 response message is forwarded by the universal 
synchronous/asynchronous receiver/transmitter 36 
via the gate 66 and the line 70 to the transmitter 
comprised of the opto-isolator 24, and is sent back to 
the console 10 via the local controller 14a. As is 

85 evident from the circuitry of Figure 3, a response 
message is relayed back through the the upstream 
local controllers without their processing means 42 
seeing the response message and this prevents the 
processing means of the local controllers from being 

90 burdened by the often lengthy response messages 
that pass along the communication path 16. The 
response messages may be quite long because they 
contain large amounts of data from the distributed 
data base stored and maintained within each con-

95 trailer. 
One of the many advantages of the present system 

is that a runaway or continuously operating trans-
mitter will not prevent each console 10 or 12 from 
providing command messages to all other local 

100 controllers and receiving responses from them. Ifthe 
transmitter T2 of the controller 14b were transmit-
ting a command message and began malfunctioning 
so as to transmit continuously, communication 
along the path 16 from the console 19 would be 

105 jammed to the "downstream" local controllers, i.e., 
the controllers 14c (and any other local controllers 
beyond 14c if a large number were incorporated in 
the system). The console 10 would send commands 
to the controller 14c by routing the commands 

110 through the console 12. The console 12 would merge 
these commands with its own commands and also 
remain master over its independent communication 
path 18 through the local controller. The first com-
munication path 16 is jammed between the local 

115 controllers 14b and 14c but the second path 18 is 
independent of that jam because the communication 
loop is non-continuous. 

Similarly, if a response transmitter, e.g., the 
transmitter T1 in the local controller 14c, were to 

120 transmit continuously, no communication would be 
possible along the path 16. Thus, periodic polling 
messages from the console 10 along the path 16 
would not be possible. When the processing means 
42 of a local controller does not receive a polling 

125 command message for a predetermined time inter-
val, it will block the relaying of messages in either 
direction. In terms of what is being accomplished by 
the circuitry shown in Figure 3, a processing means 
42 instructs the universal synchronous/asynchro-

130 nous receiver/transmitter 36 to provide a signal on 
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the line 74 to inhibit the reclocking circuitry and logic 
38 so that any response messages received by the 
receiver 54 and which appear on the line 60 as well 
as command messages on the line 34 are not 

5 reclocked and will therefore not be passed to the 
respective transmitters 24 and 48. 

Since the response transmitter T1 of the local 
controller 14c was operating continuously and pre-
vented any command messages from being trans-

10 mitted on the communication path 16, the proces-
sing unit of all local controllers 14a, 14b and 14c 
caused similar blocking of the response messages. 
Afterthe jamming is stopped, the console 10 will 
initially command the controller 14a to permit it to 

15 generate a response and if the path is not jammed by 
operation of the local controller 14a, it will send a 
response message. The console will then send a 
command message commanding the local controller 
14b to issue a response message which, in the 

20 described example, will result in proper operation. 
When the console 10 commands the local controller 
14c, the faulty transmitter T1 will again jamthe 
communication path and the console 10 will thereby 
locate the fault and issue an alarm that the controller 

25 14c has a faulty transmitter on the communication 
path 16. The controllers will again provide the 
blocking action in the same manner and the console 
10 will repeat the reconnection process but will not 
poll the controller 14c, since it now knows that this 

30 controller has a faulty transmitter in the communica-
tion path 16. 

It should be appreciated that the foregoing discus-
sion has described the local controller as having a 
faulty response transmitter T1 for the communica-

35 tion paths 16 which could also comprise transmitters 
T3forthe communication path 18. Since as pre-
viously mentioned, the transmitters are essentially 
the equivalent of opto-isolators from the foregoing 
discussion with respect to Figure 3, it should be 

40 appreciated that a runaway transmission can actual-
ly be a malfunctioning universal synchronous/asyn-
chronous receiver/transmitter or some other compo-
nent. If a malfunction occurs in the processing unit, it 
will very likely fail to generate the necessary periodic 

45 timing signal that is monitored by a timing circuitry, 
which will result in the relays being switched so that 
the contacts 76 and lines 78 will bypass the local 
controller circuitry associated with the path 16. Since 
the processing 42 in a local controller is connected to 

50 both the universal synchronous/asynchronous re-
ceiver/transmitter associated with the communica-
tion path 16 as well as the universal synchronous/ 
asynchronous receiver/transmitter associated with 
the communication path 18, a malfunction of the 

55 processing unit 42 could result in the lower portion 
(Figure 3) of the local controller circuitry also being 
similarly bypassed. 

The foregoing discussion has been concerned 
with describing the operation of the system in 

60 general terms. The detailed operation of the local 
controllers in the system will now be described in 
conjunction with a detailed electrical schematic 
circuit diagram which is set forth in Figure 5, which 
represents one embodiment of specific circuitry that 

65 can be used to carry out the general operation of the 

block diagrams of Figures 1 through 4. 
Turning now to Figure 5, it is shown to have the 

lines 70,34,46 and 60 at the upper-right corner of the 
drawing which extends to the reclocking circuitry 

70 and logic 38 with the associated universal synchro-
nous/asynchronous receiver/transmitter 36 being 
located to the left thereof. The reclocking circuitry 
and logic 38 is intended for use by the channel 
associated with the communication path 16 and a 

75 second essentially identical reclocking'circuitry 
would be required forthe other communication path 
18. The operation of the circuitry associated with the 
communication path 16 will only be described herein 
since it is essentially duplicated with respect to the 

80 communication path 18. While the transmission of 
the messages along the communication paths 16 
and 18 is serial transmission, and the transmission 
of the messages that are received and transmitted by 
the universal synchronous/asynchronous receivers/ 

85 transmitters onto these paths is also serial, com-
munication between the universal synchronous/ 
asynchronous receiver/transmitter 36 and the pro-
cessing means is parallel transmission on eight 
separate data lines identified as a line 90 which 

90 extend to the processing unit 42. 
With respect to the operation of the circuitry 

shown in Figure 5, when a command message is 
being received from the console 10 after having 
come through the opto-isolator 22, it appears on the 

95 line 34 and is applied to the NAND gate 35 as well as 
to a flip-flop 92. The other input lines 94 and 96 to the 
NAND gate 35 are normally high so that the data is 
gated onto line 98 that extends to the receiving 
terminal of the universal syncbronous/asynchro-

100 nous receiver/transmitter 36. As previously men-
tioned, the data is in the form of 10 bits, including an 
initial start bit, eight data bits and a stop bit, with the 
start and stop bits being high bits. As soon as all 10 
bits are received by the universal synchronous/ 

105 asynchronous receiver/transmitter 36, it communi-
cates with the processing unit 42 and forwards the 
data to it via the lines 90. 

Data from the processing unit is similarly written 
into the universal synchronous/asynchronous re-

110 ceiver/transmitter 36 via the lines 90 and the 10 bits 
of the data can then be serially transmitted by the 
universal synchronous/asynchronous receiver/trans-
mitter 36 onto the line 68. Afterthe 10 bits have been 
transmitted, the universal synchronous/asychronous 

115 receiver/transmitterthen communicates with the 
processing unit and the latterforwards another 8 bit 
word on the lines 90 to the universal synchronous/ 
asynchronous receiver/transmitter. 

The universal synchronous/asynchronous receiv-
120 er/transmitter 36 is clocked to produce a BAUD rate 

of preferably about 4800 although higher and lower 
rates can, of course, be utilized. A clock signal forthe 
universal synchronous/asynchronous receiver/trans-
mitter is applied on a line 100 which is produced by a 

125 conventional clock generator (not shown). The clock 
rate on the line 100 is 16 times the data rate of the 
command and response messages that are transmit-
ted along the paths 16 and 18. 

As previously mentioned, the command message 
130 that is received on the line 34 and which is processed 



1 GB 2 031 628 A 
1 

by the universal synchronous/asynchronous receiv-
er/transmitter 36 and the processing unit 42 as 
described, is also transmitted to all other local 
controllers for processing in a similar manner. If the 

5 address contained in the command message is 
determined to be that of a particular local controller, 
then it can generate its response message and 
transmit it via the universal synchronous/asynchro-
nous receiver/transmitter onto the line 68, through 

10 the NAND gate 66 and onto the line 70 which will 
cause the opto-isolator 24 to apply the message onto 
the line 16 extending back towards the console 10. 
The command message on the line 34 as previously 
mentioned is applied to the J input of the JKflip-flop 

15 92 as well as to the J input of a flip-flop 102. The data 
is also inverted by an inverter 104 and applied to the 
K input of the flip-flop 102. The Q output of flip-flop 
92 is applied to a NAND gate 106 via the line 108 and 
the Q output of the flip-flop 102 is also applied to the 

20 NAND gate 106 via the line 110. During operation, 
the data that is present in the data stream is actually 
clocked through the flip-flop 102 which essentially 
reclocks the same and applies it onto the line 46 as 
the flip-flops 92 and 102 are clocked by the clock line 

25 112. 
In accordance with an important aspect of the 

reclocking circuitry, the clock signal on the line 112 
which clocks the data through the flip-flops 92 and 
102 is produced by a counter 114 which is a four bit 

30 binary counter that is preset to a count of seven and 
thereby reaches its terminal count of 15 after eight 
counts. The counter 114 is clocked by a clock signal 
on the line 100 and is at a rate that is 16 times the 
rate of the data that is being received on the line 34, 

35 As soon as the counter 114 is allowed to count, it 
counds eight counts before it reaches its terminal 
count, in which event the output line 112 goes high, 
and provides the clock signal to the flip-flops 92 and 
102, as well as to two additional JKflip-flops 116 and 

40 118 which reclockthe response messages being 
received on the line 60 as will be hereinafter 
explained. The use of the counter 114 essentially 
permits the circuitry to examinethe initial high start 
data bit to determine if it is a legitimate data bit as 

45 opposed to a short duration noise pulse or the like. 
Since the clock rate to the counter 114 is 16 times the 
data rate, and by virtue of its being preset to a count 
of seven, its terminal count which produces a high 
signal on the line 112 will occur in the middle of a 

50 legitimate start bit. A second counter 120 is provided 
adjacent the counter 114 and effectively provides a 
high output on the line 112 when it has received 10 
counts, corresponding to the full 10 bit word. This is 
accomplished by presetting the counter to five and 

55 incrementing it until it reaches its terminal count of 
15. While it is also clocked at the same rate as the 
counter 114 by the line 124 which has a signal that is 
the inverse of the clock signal on the line 100 by 
virtue of having passed through an inverter 126, it is 

60 effectively only clocked at the same rate as the data 
messages and this is accomplished in the following 
manner. The output line 112 of the counter 114 is 
applied to two terminals of the counter 120 and 
these terminals must be hig h for the counter 120 to 

65 count and this only occurs at the terminal count of 

the counter 114. Thus, whenever the counter 114 
reaches its terminal count, the counter 120 is 
incremented by one and after it has generated 10 
counts, it reaches its terminal count which provides 

70 a high signal on the line 122 that is applied to the K 
input of flip-flop 92 and resets it. As will be 
explained, this essentially turns off the counters and 
the reclocking circuitry is then ready to receive 
another 10 bit message. 

75 To start the counters 114, the high start bit on line 
34 results in the line 98 going low and this line 
provides one input of a NAND gate 128, the other 
inputs of which are supplied by the lines 130,96 and 
134 which are normally high before data is received. 

80 When the line 98 goes low, output line 136 of the 
NAND gate 128 will go high and this line is 
connected to the load inputs of the counters 114 and 
120 which takes them out of the load condition and 
enables them to start counting, Thus, when the start 

85 bit of the data message is received, the counters are 
permitted to run. After a total of 10 bits has been 
reclocked through the flip-flops 92 and 102, the 
counter 120 reaches its terminal count and a high 
output is produced on the line 122 which will reset 

90 the flip-flop 92. This causes the~Q output line 130 to 
go high at the next clock transition which will result 
in the NAND gate 128 having a low output on the line 
136 which will place the counters back in their load 
condition, in essence turning them off. This is a 

95 desired result, since the 10 bits of data have been 
reclocked through the flip-flop 194 as desired. 

TheCI output of the flip-flop 92 appearing on the 
line 130 also accomplishes the task of maintaining 
the counters on during the receipt of 10 bits of data 

100 since the active data between the start and stop bits 
will include low bits. This is accomplished by 
providing a low signal on the line 130 whenever the 
data contains logical 0 or low bits, since a low level 
on the line 130 will maintain a high output from the 

105 NAND gate 128 that is connected to the load inputs 
of the counters 114 and 120. Whenever the active 
data in the 10 bit stream is a logical 1 or high level 
which would also include the high start and stop 
bits, the line 98 will be low which will cause the 

110 NAND gate 128 to maintain its high output. 
When command messages are being received on 

line 34 to be in turn received by the universal 
synchronous/asynchronous receiver/transmitter 36 
and reclocked by the flip-flop 102 onto the output 

115 line 46, no communication can occur in the opposite 
direction, i.e., data on the input line 60 cannot be 
reclocked through the flip-flop 118 in the opposite 
direction when data is being received on the line 34. 
This is accomplished by the^ l ine 130 of flip-flop 92 

120 applying a low signal to AND gate 138 which has its 
output on the line 140 that holds the flip-flop 116 in a 
reset condition. Since the flip-flop 116 has its Q 
output on the line 142 that extends to the NAND gate 
144, the other input of which is supplied by the line 

125 146 from the flip-flop 118, holding the flip-flop 116 in 
a reset condition prohibits data from being clocked 
onto the line 64 as is desired. 

When a response message from a more distant 
local controller is received on the line 60 and is to be 

130 reclocked towards the control console 10, the high 
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start bit on the line 60 is applied to a NAND gate 148, 
the other input of which is supplied by the line 140 
and the latter of which is normally high when the 
universal synchronous/asynchronous receiver/trans-

5 mitter 36 is not transmitting and when the flip-flop 
92 is reset. Thus, the high start bit on the line 60 
causes the NAND gate 148 to have it? output line 134 
switched from a normally high signal to a low signal 
which will cause the NAND gate 128 to produce a 

10 high signal on the line 136 which will start the 
counter 114 as is desired. The data will then be 
reclocked by the flip-flops 116 and 118 in the manner 
substantially as described with respect to the flip-
flops 92 and 102. When the flip-flop 116 is clocked, 

15 its Q output on the line 96 is applied to the NAND 
gate 128 which maintains its output high to permit 
the counter to keep running and the low signal on 
the line 96 is also applied to an AND gate 152 having 
an output line 154 that will beheld low and maintain 

20 the flip-flop 92 in its reset condition which prohibits 
its operating to reclock any data that may appear on 
the line 34. This is important when it is considered 
that operation of the opto-isolator 24 by the re-
sponse message being reclocked will be detected by 

25 the opto-isolator 22 and will be present on the line 34 
during operation and it is important that the flip-
flops 92 and 102 not reclock this reflected message 
back towards the direction that the response mes-
sage is originating. The Q"output line 96 of the 

30 flip-flop 116 is also applied to the NAND gate 35 
which causes its output line 98 to be held low and 
this precludes the reflected message that is present 
on the line 34 from being received by the universal 
synchronous/asynchronous receiver/transmitter 36 

35 as desired. The data on the line 64 is passed through 
the flip-flop 66 onto the line 70, since the line 68 from 
the universal synchronous/asynchronous receiver/ 
transmitter 36 will be normally high when it is not 
transmitting. Similarly, when it is transmitting, the 

40 other input of the NAND gate 66, i.e., the line 64 will 
be normally high when no data is being received, so 
that the data being transmitted from the universal 
synchronous/asynchronous receiver/transmitter 36 
onto the line 68 will be gated onto the line 70 as is 

45 desired. The universal synchronous/asynchronous 
receiver/transmitter 36 has an output line 156 which 
is connected to an inverter 158 that will providea 
low signal on the line 94 when it is transmitting so 
that the universal synchronous/asynchronous re-

50 ceiver/transmitter36 will not receive its own trans-
mission since it will be reflected and appear on the 
line 34 by virtue of the operation of the opto-
isolators 24 and 22 as previously mentioned. 

As previously mentioned, if the processing means 
55 42 associated with each local controllerfailsto 

receive a poll, i.e., a command message with its 
unique address within a predetermined time, it will 
automatically cause the reclocking circuitry to shut 
down so that messages can no longer be transmitted 

60 in either direction. This is accomplished by comman-
ding the universal synchronous/asynchronous re-
ceiver/transmitter 36 to provide a low signal on the 
line 160 which extends to AND gates 138 and 152 
which will be effective to hold the flip-flops 92 and 

65 116 in their reset condition. 

In the foregoing, a communication system has 
been shown and described which has many desir-
able attributes and advantages which contribute to 
reliable operation in the environment of a radiation 

70 monitoring system or similar system where opera-
tional maintenance of communication in the system 
is of critical importance. The system provides the 
maximum communication to the maximum number 
of local controllers in the system even if a malfunc-

75 tion occurs in one of the controllers. The ability to 
isolate a local controller that is malfunctioning and 
maintain communication to and from all other local 
controllers contributes to greater reliability and 
integrity of the entire system. 

80 Although particular embodiments of the present 
invention have been illustrated and described, va-
rious modifications, substitutions and alternatives 
will be apparent to those skilled in the art, and 
accordingly, the scope of the invention should only 

85 be defined by the appended claims. 

CLAIMS 

1. A system for communicating amongtwo 
90 central consoles and a plurality of local controllers, 

comprising: 
first and second central consoles for controlling 

the communication of said system, said consoles 
selectively issuing command messages to said con-

95 trailers and for receiving response messages there-
from; 

a first two line communication path for selectively 
transmitting messages in both directions, said first 
path extending from one central console serially to 

100 all of said plurality of controllers; 
a second two line communication path for selec-

tively transmitting messages in both directions, said 
second path extending from the other console 
serially to all of said plurality of controllers, the 

105 controllers being connected nearerto said first 
console via said first path also being connected 
relatively farther from said second controllervia said 
second path; 

said central consoles being interconnected so that 
110 each console is capable of communicating with each 

controllervia each path. 
2. System for communicating among two central 

consoles and a plurality of local controllers, substan-
tially as described in the specification with reference 

115 to Figures 1,2,3,4 and 5 of the drawings. 
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