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(57) L mvention concerne un ¢quipement de
communication comprenant: une pluralite de cellules
periphériques affectées respectivement a des bornes
d’entrée et a des bornes de sortie; un circuit TAP qu
commande 'entrée de données dans lesdites cellules
periphériques et la sortie des donnees a partir de celles-
c1; une pluralité¢ d’e€lements de test peripheriques pourvus
de bomes TDI (entrée donnees test) servant a [’entree de
donn€es série a transmettre aux cellules peripheriques,
de bomes TDO (sortie donn¢ces test) servant a la sortie
des donnces des cellules péripheriques en tant que
donn¢es série, de bornes TCK (horloge test) servant a

I*I Industrie Canada  Industry Canada

. Control switch panel
.+« MODltor

Comwunication controller

™ ) o N
4
.

+++« Analog signal processor

3a ... output terminal

34 ... TCK tarminal

Jc ... TMS terminal

b ... input terminal

la ... Communication sgquipment

9 ... commnicatien line
4a, 4b, 4c ...
sa, Sb, 5c ...
6a, 6b, 6c ...

Boundary scanning eiement
Latch circuit
Monitoring camara

10 ... analog communication line

(57) Communication equipment composed of a
plurality of boundary cells respectively assigned to mnput
terminals and output terminals; a TAP circuit which
controls the data input to and output from the boundary
cells; a plurality of boundary scanning elements
provided with TDI terminals for imnputting serial data to
be given to the boundary cells, TDO terminals for
outputting the data from the boundary cells as serial data,
TCK terminals for inputting clock signals, and TMS
terminals for mputting mode signals for switching the
operational mode of the TAP circuit; a plurality of
terminals having ICs which are respectively connected to
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’entrée des signaux de mode pour changer le mode de
fonctionnement du circuit TAP; une pluralit¢ de bornes
pourvues de circuits mtégres respectivement reliés ou
incorpores aux ¢léments de test periphériques; et un
dispositif de commande de communication auquel les
¢léments de test periph€riques sont reli€s en serie et qui
¢met et recoit des donnces de commande pour
commander individuellement les bornes  par
I"intermediaire des ¢léments de test periphériques.
L ¢équipement de communication se caractérise en ce
qu’il est pourvu d’une ligne de communication de
donn¢es a laquelle les bornes sont relices en parallele et
par I'intermeédiaire de laquelle les données de sortie des
bornes sont envoyées au dispositif de commande de
communication.
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or incorporated with the boundary scanning elements;
and a communication controller to which the boundary
scanning elements are connected 1n series and transmits
and receives control data for individually controlling the
terminals through the boundary scanning elements. The
communication equipment 1s characterized by being
provided with a data communication line to which the
terminals are connected in parallel and through which
the output data of the terminals are sent to the
communication controller.
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There 1s provided a communication system including:
a plurality of boundary scan elements including a
plurality of boundary cells individually assigned to
respective input terminals and output terminals, a TAP
circult for controlling input and output of data to or
frcm.the aforesaid boundary cells, a TDI terminal for
lnputting serial data to be supplied to the boundary cells,
a TDO terminal for outputting data from the boundary cells
1n the form of serial data, a TCK terminal into which a
clock signal is input, and a TMS terminal into which a
mode signal for switching the operation mode of the TAP
circuit 1is input; a plurality of terminal units each
connected with each of the boundary scan elements or
provided with an IC into which each of the elements is
incorporated; and a communication controller connected
with the boundary scan elements in series for
transmitting/receiving through the boundary scan elements
ccntrol data for individually controlling the termiﬁal
units, characterized in that the terminal units are
connected 1in parallel and a single data communication line
for transmitting output data of the terminal units to the

communication controller is provided.
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SPECIFICATION

COMMUNICATION EQUIPMENT

rechnical Field
The present invention relates to a communication

system for controlling terminal units through boundary

scan elements, and particularly to a communication system

which can quickly transmit output data from the terminal

units.

B
A G NS L OULLICL G JC  LIIVEILL LOL

A boundary scan test method has been proposed as one
of the i1nspection methods with a plurality of IC chips
arranged over a printed wire board with printed wiring
formed thereon, to see whether or not connection between
each IC chip and each printed wiring is properly made and
whether or not each printed wiring is not broken.

This boundary scan test method can be applied to
integrated circuits (IC chips) into which boundary scan
elements are incorporated. The boundary scan element, for
example as shown in Fig. 4, includes a plurality of
pboundary cells 114 individually provided between
input/output terminals of an internal logic 111 for
implementing the inherent functions of the integrated
circuit 110 and input/output terminals 112/113 of the
integrated circuit 110, a TAP controller (TAP circuit) 119

for controlling input and output of data to or from the

boundary cells 114, a TDI terminal 120 for receiving test
data, a TDO terminal 121 for transmitting test data, a TCK

terminal 122 into which a clock signal is input, and a TMS

1
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terminal 123 for receiving a mode signal for switching the
operation mode of the TAP controller 119; and, if required,
it is further provided with a bypass register 115, an ID
CODE register 116, an instruction register 117, a TRS
terminal 124 for receiving a reset signal, or the like.
In this connection, the bypass register 115 to instruction
register 117 is referred to as boundary scan register
(118) .

To describe the respective terminals or the signals
Lo be input/output through the respective terminals in
detail, TDI (Test Data In) is a signal for serial-
inputting instructions and data to a test logic, and is

sampled at rising edges of TCK. TDO (Test Data Out) is a

signal for serial-outputting data from the test logic, the

output value being changed at falling edges of TCK. TCK
(Test Clock) supplies é clock to the test logic. It is a
dedicated input for enabling the use of a serial test data
path independent of the system clock inherent to the
component. TMS (Test Mode Select) is a signal for
controlling the test operation, and is sampled at rising
edges of TCK. The TAP controller decodes this signal.
TRST (Test Reset) is a negative logic symbol for
asynchronously initializing the TAP controller, and is
optional.

The integrated circuit 110 into which such boundary

scan element is incorporated can be tested on the

~operating state thereof and the connecting relationship

between this integrated circuit 110 and external devices,

ol

by the procedures described below.

2
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First, in checking the quality of the internal logic
111 of the integrated circuit 110, serial data (test data)
are ilnput to the TDI terminal 120 of the integrated

circuit 110 as they are shifted, and thereby the test data

5 are set into the respective boundary cells 114
corresponding to the respective input terminals 112. 1In
this state, the integrated circuit 110 is operated before
the data set in the respective boundary cells 114
corresponding to the respective output terminals 113 are

10 shifted for output from the TDO terminal 121, and, on the
pasis of the corresponding relationship between the serial
data (test result data) thus obtained and the test data
input to this integrated circuit 110, the internal logic
111 of the integrated circuit 110 is tested for its

15 quality. . ‘

The boundary scan test method can also be carried

out on a plurality of integrated circuits as long as the

poundary scan elements are incorporated therein.

For example, a'plurality of integrated circuits 110

20 mounted on a substrate 126 as shown in Fig. 5 can also be
subjected to a test for breakage and the like of the
printed patterns between the integrated circuits 110,

along with a test on the integrated circuits 110
themselves.
25 In this case, the respective boundary scan elements

incorporated in the plurality of integrated circuits 110

are connected in series with each other. Specifically,
the TDO terminal 121 of the first integrated circuit 110

(the left in the drawing) and the TDI terminal 120 of the

3
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second 1integrated circuit 110 (the right in the drawing)
are connected with each other, the output terminal 129 of
a boundary scan controller board 128 provided in host
computer unit 127 or the like and the TDI terminal 120 of
the first integrated circuit 110 are connected with each
other, and the input terminal 130 of the boundary scan
controller board 128 and the TDO terminal 121 of the
second integrated circuit 110 are connected with each

other. The test procedures are as follows:
In testing breakage, short circuit, and the like of
the printed patterns, a test data preparing tool 131 or

the like is used to prepare test data (serial data), which

is output from the output terminal 129 of the boundary

scan controller board 128 and is input to the TDI terminal
120 of the first intégrated circuit 110 while shifted,
setting the test data into the respective boundary cells
114 corresponding to the respective output terminals 113
in this integrated circuit 110. In this state, the data
stored in these respective boundary cells 114 are output
from the respective output terminals 113 provided in the
first integrated circuit 110 as shown in Fig. 6; and are
input through the respective printed patterns 133
constituting a system bus and the like to the respective
input terminals 112 of the second integrated circuit 110,
and further fetched intd the respective'boundary cells 114
corresponding to these respective input terminals 112.
Thereafter, the data stored in the respective
boundary cells 114 of these respective integrated circuits

110 are shifted and fetched through the input terminal 130

4
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Of the boundary scan controller board 128 as they are
analyzed by using a test result analyzing tool 132 or the
like, so that a test can be made for breakage, short

circuit, and the like in such a test range 135 as the

printed patterns 133 providing connection between the

integrated circuits 110.

Next, in inspécting the internal logic 111 of the
respective integrated circuits 110, test data are output
from the output terminal 129 of the boundary scan
controller board 128, and are input to the TDI terminal
120 of the first integrated circuit 110 as they are
shifted, so as to be set into the respective boundary
cells 114 corresponding to the respective input terminals
112 of this integrated circuit 110 as shown in Fig. 8.

Subsequently, this integrated circuit 110 is
operated, and the resulting data are fetched into the
respective boundary cells 114 corresponding to the
respective output terminals 113 before the data stored in
these respective boundary cells 114 are shifted'to be
output from the TDO terminal 121 of the first integrated
circult 110. Here, the second integrated circuit 110 is
brought into a bypass state as shown in Fig. 7 by thé
boundary scan controller board 128, so that the data
output from the TDO terminal 121 are bypassed through the
second integrated circuit 110 and fetched through the
input terminal 130 of the boundary Scan controller board
128. Then, the test analyzing tool 132.or the like can be
used for analysis of the fetched data to test whether or

not the first integrated circuit 110 operates properly.

5
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Next, 1in the cases of inspecting the second
integrated circuit 110, the boundary scan controller board
128 similarly brings the first integrated circuit 110 into
a bypass state as shown in Fig. 7 before test data are
output from the output terminal 129 of the boundary scan
controller board 128 and bypassed through the first
integrated circuit 110. Then, the test data are input to
the TDI terminal 120 of the second integrated circuit 110
while shifted, to be set into the respective boundary
cells 114 corresponding to the respective input terminals
112 of this integrated circuit 110 as shown in Fig. 8.
Subsequently, this integrated circuit 110 is operated, and
the resulting data are fetched into the respective

boundary cells 114 corresponding to the respective output

terminals 113. Thereafter, the data stored in the
respective boundary cells 114 are shifted to be output
from the TDO terminal 121, and further fetched through the
input terminal 130 of the boundary scan controller board
128. Then, the fetched data can be analyzed by using the
test result analyzing tool 132 and the like, so as to test

whether or not the second integrated circuit 110 operates

properly.

In this way, a substrate 126, as long as using
integrated circuits 110 into which boundary scanning
circults are incorporated, can be tested for the quality

Of the respective integrated circuits 110 themselves and

~on the connecting relationship between the integrated

circuits 110 and the like by conducting the boundary scan

-

test method.

dalles Al o o AnAl o8l an ad e ol b Al connle Sfe s aenSBe s an eamEEE e eEn anselens Sofaass 22n 4 asae 22aaa: A 22 AR _ a8 cir —cB Be BBl 0s BBS cees fm e e e aa S T




10

15

20

23

CA 02291692 1999-11-29

Now, 1t was found by the present inventor that when

integrated circuits into which such boundary scan elements
are incorporated are used to constitute the substrate or
the like of a sensor module, input and output of serial

data can be made to or from the respective integrated

circuits mounted on the substrate 126 at a rate on the

order of 20 Mbps without the use of communication

integrated circuits or the like.

Then, a communication system was proposed which
applies the boundary scan elements to carry out

communication with host computer units and the like

without the use of communication devices.

Fig. 9 is a block diagram showing an example of the

communication system to which the boundary scan elements

are applied.

The communication system 140 shown in this figure

includes: a communication controller device 141 for
carrying out the transmitting of control data, the
collectlon of detected data, and the llke, a plurallty of
sensor units 142a-142¢ for carrying out the monltorlng of
an object to be monitored; a plurality of boundary scan
elements 143a-143c provided for each of these sensor units
142a-142c, the boundary scan elements carrying out such
processing as fetching the control data output from the
aforesald communication controller device 141 to supply
the same to the respective sensor units 142a-142c, and
fetching the detected data or the like output from these
respective sensor units 142a-142c Co supply the same to

the aforesaid communication controller device 141; and

7
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communication lines 144 for providing connection between
each of these boundary scan elements 143a-143c and the
aforesaid communication controller device 141. The
boundary scan elements are connected in series to the
communication controller device 141. Specifically, the
connection is made in such a manner that the output
terminal l4la of the communication controller device 141
1s connected to the TDI terminal of the boundary scan
element 143a, the TDO terminal of the boundary scan
element 143a connected to the TDI terminal of the next
boundary scan element 143b, and so on, and the TDO

terminal of the boundary scan element 143c 1is connected to

~the input terminal 141b of the communication controller

device 141.

The function of this communication system 140 is as

follows:

The respective boundary scan elements 143a-143c
function in synchronization with the clock signal

transmitted from the TCK terminal 141d of the
communication controller device 141, and the operation
mode of each TAP controller is switched by the TMS signal
transmitted from the TMS termihal 141c of the

communication controller device 141.

Now, 1in driving the respective sensor units 142a-

142¢c according to the instruction from the host computer

unit 145, control data (serial data) are output from the

output terminal 14la of the communication controller
device 141, and they are supplied to the respective

boundary scan elements 143a-143c and set into the boundary

3
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cells corresponding to the output terminals. Then, the
control data set are output from the output terminals, and
supplied to the respective sensor units 142a-142c
corresponding to the respective boundary scan elements
143a-143c, thereby driving these units.

~Moreover, in the cases of collecting the detected
data from the respectivé sensor units l42a-142c according
to the instruction from the host computer unit 145, the
detected data of the respective sensor units 142a-142c are
once set in the respective boundary cells corresponding to
the input terminals of the corresponding, respective
boundary scan elements 143a-143c. Then, they are output
as serlial data from'the IDO terminals, and fetched through
the input terminal 141b of the communication controller

device 141.

Such communication system 140, when setting control

data i1nto the respective boundary scan elements 143a-143c
Or when outputting the detected data from the respective
boundary scan elements 143a-143c, can be maximized to 20
Mbps in data transfer rate, thereby allowing the transfer
of communication data at higher rates than those of
conventionalcommunicatioﬁ systems.

However, the communication system described above
had a problem in that when the detected data of the
terminal units such as sensor units connected to the
boundary scan elements are enormous, €.g. picture signals
and the like, a drop in the transfer rate is undeniable
and the effect of the high-rate data transfer obtained by

the application of the boundary scan elements as
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communication elements is not exerted sufficiently.

Moreover, since the boundary scan elements can only

input and output information in the form of digital

signals, there was a problem in that they cannot fetch

~information in an analog signal form.

2
v SAL LG @ WS L lIVE] e1e

An object of the present invention is to provide a
communication system which can transfer data from terminal
units at higher rates.

Another object of the present invention is to
provide a communication system which can transfer analog
signals from terminal units at higher rates.

According to the present invention, there is
provided a communication system comprising: a plurality of
boundary scan elements including a plurality of boundary
cells individually assigned to respective input terminals
and output terminals, a TAP circuit for controlling input
and output of data to or from the aforesaid boundary cells,
a TDI terminal for inputting serial data to be supplied to
the aforesaid boundary cells, a TDO terminal for
outputting data from the aforesaid boundary cells in the
form of serial data, a TCK terminal into which a clock
signal is input, and a TMS terminal into which a mode
signal for switching the operation mode of the aforesaid
TAP circuit is input; a plurality of terminal units each
connected with each of the aforesaid boundary scan
elements or provided with an IC into which each of the
elements are incorporated; and a communication controller

alym

connected with the aforesaid boundary scan elements in

10
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series for transmitting/receiving through the aforesaid
boundary scan elements control data for individually
controlling the aforesaid terminal units, characterized in
that the aforesaid terminal units are connected in
parallel and a single data communication line for
transmitting output data of the aforesaid terminal units
Lo the aforesaid communication controller is provided
(claim 1).

In the present invention, the communication

controller controls the terminal units by transmitting

~control data thereto through the boundary scan elements.

Then, data obtained by the terminal units are directly
Cransmitted to the communication controller through the
data communication line without the intermediary of the
boundary scan elements.

This enables the high-rate transfer of data even
when the output data of the terminal units are enormous,
and allows the transfer of the output data even when they
are analog signals.

Moreover, the output data are transmitted through a
single data communication line, so that wiring of the
system 1s simplified. In addition, the boundary scan
elements are driven synchronously, so that when the
respective terminal units are switched to transmit their
output data through the data communication line, little
time rag is produced between the output data and

interference therebetween is avoided.

In the present invention, the terminal units include

il

various sensor units, such as monitoring camera units, and

11
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the output data include the detected data of the sensor
units, such as moving picture signals and still picture
signals.

The control data include not only the data to be

transmitted to the terminal units for the control of the

terminal units, but also the status data and the like of
the terminal units to be transmitted back from the
terminal units.

The boundary scan elements include not only
independent, separate packages but also those incorporated
in other ICs. iBesides, the input terminals and output
terminals represent, in the case where each of the
boundary scan elements is an independent package, the
input terminals and output terminals thereof, and
represent, in the'case where the boundary scan elements
are 1lncorporated into other ICs, the input terminals and
output terminals of the ICs. Then, the aforesaid output
terminals and the aforesaid input terminals are connected
COo the 1nput terminals and the output terminals of the

terminal units, respectively, SO that the data of the

boundary cells are output to the terminal units and data

are conversely input to the boundary cells.

[Moreover, according to the present invention, the
communication system described above may be provided in

which: the output data are analog signals; and an analog

signal processor for processing the output data may be

provided between the communication controller and the
communication line (claim 2). In this invention, the

provision of the aforesaid analog signal processor can

12
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ease the load on the communication controller to quickly
perform the processing of analog signals.

Furthermore, according to the present invention,
there 1is provided the above-described communication system
in which: the boundary cells include a plurality of input-

terminal-side boundary cells connected in series and

'assigned to the respective input terminals individually,

and a plurality of output-terminal-side boundary cells

connected 1n series and assigned to the respective output

terminals individually; and the input-terminal-side
boundary cells and the aforesaid outpﬁtwterminal—side
boundary cells are connected in parallel between the TDI
terminal and the TDO terminal (Claims 3).

In this invention, the boundary cells are not
coupled all in series as conventionally, but are divided
into the input-terminal-side boundary cells assigned to
the input terminals and the output-terminal-side boundary

cells assigned to the output terminals, which are

connected in parallel between the TDI terminal and the TDO

terminal. Accordingly, for example, when data from the
TDI terminal are being set into the output-side boundary
cells, direct transfer of the data to the output-side
boundary cells can be made without the intermediary of the
aforesaid input-terminal-side boundary cells, which can
further realize the higher-rate transfer of data between

the boundary scan elements and the communication

controller or the terminal units.

’ k [ ] 3
= BISEL . O OT e Drawinde

Fig. 1 is a block diagram showing a first embodiment

13
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of the communication system of the present invention:
Fig. 2 1is a block diagram.showing a second

embodiment of the communication system of the present

invention;

Fig. 3 is a block diagram of the boundary scan

element lla-llc in Fig. 2;

F1g. 4 is a block diagram of a conventional boundary

scan element;

Fig. 5 is a block diagram showing an example of a
boundary scan test using the boundary scan elements shown
in Fig. 4;

Fig. 6 is a schematic diagram showing an example of
a'boundary scan test using the boundary scan elements
shown in Fig. 4;

Fig. 7 is a schematic diagram showing an exémple of
a boundary scan test using the boundary scan elements
shown in Fig. 4;

Fig. 8 is a schematic diagram showing an example of
a boundary scan test using the boundary scan elements
shown in Fig. 4; and

Fig. 9 is a block diagram showing an example of a

conventional communication system to which boundary scan

elements are applied.

I |
» OO E @ 117010]16! (e L S Y Sl o)e

LConfiguration of First Embodiment>
Fig. 1 is a block diagram showing a first embodiment

of the communication system of the present invention.
The communication system la shown in this figure

includes a plurality of boundary scan elements 4a-4c,

14
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monitoring camera units (terminal units) 6a-6c connected
with the respective boundary scan elements 4a-4c through
latch circuits 5a-5¢, a communication controller device 3
for controlling the monitoring camera units 6a-6c through
5 the boundary scan elements 4a-4c, a single analog

communication line (data communication line) 10 through
which picture signals of the monitoring camera units 6a-6c¢
are transmitted,'and an analog signal processing unit 7
for receiving the picture signals transmitted from the

10 analog communication line 10; furthermore, to the
communication controller device 3 is connected an
operation switch device 2, and to the analog signal
processing unit 7 is connected a monitor device 8 for
displaying the picture signals output from the monitoring

15 camera units 6a-6c.

The boundary scan elements 4a-4c have the same
configuration as that shown in Fig. 4, and are connected
in series to the communication controller device 3.
Specifically, the output terminal 3a of the communication
20 controller device 3 is connected to the TDI terminal of
the boundary scan element 4c, the TDO terminal of the
boundary scan element 4c is connected to the TDI terminal
of the next boundary scan element 4b,'and the TDO terminal
of the boundary scan element 4b is similarly connected to
25> the TDI terminal of the boundary scan element 4a. Finally,
the TDO terminal of the boundary scan element 4a is
connected to the input terminal 3b of the communication
controller device 3. Accordingly, the data being supplied

i

to the boundary scan elements 4a-4c or the data beling

15
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output from the boundary scan elements 4a-4c are always

transferred in the direction from the boundary scan

elements 4c to 4a.

Further, the TCK terminal and the TMS terminal of

S5 each of the boundary scan elements 4a-4c are supplied with

a clock signal and a mode signal from the communication
controller device 3, respectively, and thereby the

respective boundary scan elements 4a-4c function

synchronously.

10 The input terminals and output terminals (not shown)
bf the boundary scan elements 4a-4c are connected with the
corresponding latch circuits 5Sa-5¢, respectivelyu Control

~data set in the boundary cells are output through the
respective latch circuits 5a-5c to the corresponding

15> monitoring camera units 6a-6c, and the status data of the
monlitoring camera units 6a-6c, such as data indicating

whether the monitoring operation is in action or not, data

indicating the direction of monitoring, and data
indicating the magnitude of the shooting lens, are input
20 through the latch circuits 5a-5c to thé boundary-cells.
The monitoring camera units 6a-6c are arranged at
positions corresponding to objects to be monitored, carry
out the shooting of the objects to be monitored while
switching the shooting directions and the magnitude of the
25 shooting lens in accordance with the control data output
from the corresponding latch circuits S5a~-5c, and transmit
back to the corresponding latch circuits 5a-5¢ the
shooting conditions and the like as the status data. In

addition, the monitoring camera units 6a-6c directly

16
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transmit the picture signals obtained by the shooting to
the analog communication line 10 without the intermediary
of the latch circuits 5a-5c.

The communication controller device 3 includes
hardware circuits, microprocessor circuits, and the like,
and transmits control data to the respective boundary scan
elements 4a-4c in accerdance with selection indication
data output from the operation switch device 2, thereby
controlling the monitoring camera units 6a-6c. It also
recelves the status data from each of the boundary scan

elements 4a-4c, and‘analyzes the same to check whether or
not the monitoring'camera units 6a-6c are functioning
normally, and the like. Moreover, it controls the analog
signal processing unit 7 in accordance with the selection
indication data output from the operation switch device 2,
sO that the picture signals transmitted from the analog

communication line 10 are displayed on the monitor device

8.

The analog communication line 10 is composed of a
coaxial cable and the like, and connects between the
analog signal input terminal of the analog signal
processing unit 7 and'the analog signal'output terminals
of the respective monitoring camera units 6a-6c in
parallel. And, 1t fetches a picture signal output from
any one of the monitoring camera units 6a-6c, and

transmits the same to the analog signal input terminal of

the analog signal processing unit 7.
The analog signal processing unit 7 includes an

analog signal input circuit for fetching a picture signal,

17

T cdpe PPl 55 1 dde 4 0o haan Baliafds: Ao 1d3ede Lo uas O diadad Sabiilrd CANRMIRY SR AIEA Sk MPd S ddon LRS b 4o B Ld bl AR LA da il s 5 5 e ldd S apass B 220 oo slle il ol iddde Ll d14daldre o d bhi1abodadiaid ) b ids 12411 . st vard hir e & sbda s dde M 3 sandd SN AL 5 13 20 e o vird sbdndd st MMAL o« * 14 Lot d ittt A Sl el Sd T od« Al it v s hL el AL v Llatle <A P, - iy adn



10

15

20

25

A e Bl *BAL L e bt bhltdee* 2] LA AL IAAALPALA A s s 2 sl e rnrraandosssen et A Wt A bl lelsl 80250000000 r

CA 02291692 1999-11-29

an analog signal processing circuit for applying

designated image processing to the picture signal fetched

by this analog signal input circuit, a picture signal
output cilrcuit for outputting the picture signal image-
processed by thilis analog signal processing circuit in the
form of an analog signal or in the form of a digital
signal, and a control circuit for controlling these
circuits in accordance with operation indication signals
from the communication controller device 3, and the like.

In accordance with i1nstructions output from the
communication controller device 3, this analog signal
processing unit 7 fetches a picture signal supplied
through the analog communication line 10, and superimposes
thereon a status determination result and the liké of the
respective monitoring camera units 6a-6c supplied from the
communication controller unit 3 before supplying the same
£o the monitor device 8 in a designated signal form among
the analog signal form or the digital signal form.

The operation switch device 2 have a plurality of
push button'switches and the like, generates selection
indication data and the like for selecting the monitoring
camera units ba-6c and the like in accordance with the
operation content of the respective push button switches,
and supplies the Same to the aforesaid communication
controller device 3. A user can operate this operation
switch device 2 to make the communication system la
execute particular'processing.

The monitor device 8 is constituted by a CRT unit,

liquid crystal display unit, or the like having a display

18
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capacity required to display pictures of the objects to be
monitored, and fetches the picture signal in the analog
signal form or picture signal in the digital signal form

output from the analog signal processing unit 7 to

5> displays the picture expressed by this picture signal.

KOperation of First Embodiment>

Next, referring to the block diagram shown in Fig. 1,
the operation of the communication system la will be
described in detail. The communication system la can be

10  manually switched to display the picture and the like of

any monitoring camera unit 6a-6c desired, and can be
automatically switched to display the picture and the like
of the respective monitoring camera units 6a-6c in

rotation.

15 <Manual Switching Operation of Monitoring Camera
Units 6a-6c¢c>
When manual selection indication data are
transmitted from the operation switch device 2 to the
communication controller device 3, the communication
20 controller device 3'prepares control data requiréd to turn
on one of the monitoring camera units 6a-6c¢ designated by
the manual selection indication data and to turn off the
other monitoring camera units 6a-6c. These control data
are then transmitted through the communication lines 9 and
25 set 1nto the boundary cells on the output sides of the
respective boundary scan elements 4a-4c.
At the same time, from the communication control
device 3 to the analog signal processing unit 7 is output

b=

an operation indication signal indicating a fetch

19
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instruction for a picture signal, which makes the analog

signal processing unit 7 ready for the fetching operation

of picture signals.

Next, when a mode signal indicating an output
instruction for control data is output from the TMS
terminal 3¢ of the communication controller device 3, the
control data set i1n the boundary cells on the output sides
of the respective boundary scan elements 4a-4Cc are output
to the corresponding'latch circuits 5a-5¢, and further

transmitted to the respective monitoring camera units 6a-

oc. According to the content of the control data received,

each of the monitoring camera units 6a-6c recognizes
whether signal output permission is issued or not, and
only one of the monitoring camera units, e.g. the
monitoring camera unit 6c¢, transmits its picture signal
onto the analog communication line 10. The picture signal
transmitted is fetched into the analog signal processing
unit 7, and, further, a picture according to that picture
signal 1is displayed on the monitor device 8 .
'Subsequently, unless the operation switch device 2
1s operated, the monitoring camera units 6a-6c hold their
states; end when the remalning monitoring camera unit 6a
or ob 1s selected, manual selection indication data are

newly prepared, and the picture of either monitoring

camera unit 6a-6c selected is displayed on the monitor 8

through the procedures described above.

<Automatic Switching Operation of Monitoring Camera

Units 6a-6¢c>

- When automatic selection indication data are

20
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transmitted from the operation switch device 2 to the
communication controller device 3, the communication
controller device 3 prepares control data required to turn
on one of the monitoring camera units 6a-6¢ and to turn

5 off the other monitoring camera units pa-6Cc. This 1is
followed by the same processing as that in the initiative
switching operation described above, so that the picture
of the monitoring camera unit selected, e.g. 6a, is
displayed on the monitor 8.

10 Then, after elapse of a certain time set in adwvance,
the communication controller device 3 prepares control
data réquired to turn on the monitoring camera unit 6b
which follows the monitoring camera unit 6a selected
initially and to turn off the remaining monitoring camera

15 units 6a and 6c. These control data are transmitted
through the cbmmunication lines 9, and the picture of the
monitoring camera unit ob 1s displayed on the monitor 8

through the same processing as that in the case described

above.

20 Thereafter,'the selecting operations for the
respective monitoring camera units 6a-6c described above
are cyclically repeated at each elapse of the certain time
set 1n advance, so that the pictures obtained by the
respective monitoring camera unlts 6a-6c are sequentially

25 displayed on the monitor device 8.

<Status Detecting Operation of Monitoring Camera

Units 6a-b6c>
Here, 1n parallel to the manually—/automatically—

switched picture fetching operation or the image display

21
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operation of the respective monitoring camera units 6a-6cC
described above, status data indicating the operation

status and the like are output from the respective

monitoring camera units 6a-o6c. These status data are

latched by the corresponding latch circuits 5a-5c¢ before
transmitted to the input terminals of the respective

boundary scan elements 4a-4c and set into the boundary

cells.

Subsequently, when a TMS signal indicating a read
instruction is output from the TMS terminal 3¢ of the
communication controller device 3, the status data set 1in
the boundary cells are serially transferred from the TDO
terminals and supplied to the input terminal 3b of the
communication controller device 3.

The communication controller device 3 analyzes the
status data received, and makes judgements as to the
shooting conditions of the respective monitoring camera
units 6a-6c, whether or not the respective monitoring
camera unilits o6a-6c are functioning normally, whether or
not the communication lines 9 or the like are not brokén,
or the like. These respective detection results and
respective Jjudgement results can also be displayed on the

monitor device 8 through the analog signal processing unit

7.

KLEffect of First Embodiment>

As has been described above, i1n the first embodiment
of the present invention, the picture signals transmitted
from the monitoring camera units 6a-6c are directly

-

transmitted to the analog signal processing unit 7 through

22
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the analog communilication line 10 without the intermediary
of the boundary scan elements 4a-4c. This allows the
high-rate transfer and processing of picture signals
without impairing the effect of the high-rate data

5 transfer due to the use of the boundary scan elements 4a-
4c. Moreover, the picture signals of the plurality of
monitoring'camera unlts 6a-6c can be transmitted by a
single analog communication line 10, with the result of
simple wiring; besides, the synchronous functioning of the

10 boundary scan elements 4a-4c avoids the time rags and
interference to the picture'signals in switching the
monitoring camera units 6Ga-o6c.

KConfiguration of Second Embodiment>

Fig. 2 is a block diagram showilng a second
15 embodiment of the communication system according to the
present i1nvention.

The difference between the communication system 1b
shown in this figure and the communication system la shown
in Fig. 1 consists in that specially-designed boundary

20 scan elements lla-1llc are used in place of the boundary
scan elements having the constitution shown in Fig. 4;
this realized the speed-up of the transfer of control data
and the like. Other configurations and functions are the
same as those of the communication system la; and to the

25 same parts are assigned the same numerals in Fig. 2.

Hereinafter, concrete description will be made on the

boundary scan elements lla-llc.
As shown in Fig. 3, each of the boundary scan

elements lla-1llc is incorporated into a chip case 12 as a

23
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single package, and 1includes, simllarly to the boundary
scan element shown in Fig. 4, boundary cells 19 and 20, a
TAP controller 25 for controlling input and output of data
to or from the boundary cells 19 and 20, a TDI terminal 14
for receiving serial data, a TDO terminal 15 for
transmitting serial data, a TCK terminal 17 into which a
clock signal is input, and a TMS terminal 16 for receiving
a mode signal for switching the operation mode of the TAP
controller 25; and,'if requlired, it is further provided
with a bypass register 21, an ID CODE register 22, an

instruction register 23, and the like (boundary scan

resister 24).

In the boundary scan elements lla-llc of Fig. 3,
however, the boundary cells 19 and 20 are not connected
all 1n series, and are divided into output cells (output-
side boundary cells) 20 and input cells (input-side
boundary cells) 19 corresponding to the output terminals
18 and input terminals 13 arranged on the exterior of the

chip case 12, respectively. The input cells 19 and the

output cells 20 are 1ndividually connected in series, and
are connected 1in parallel between the TDI terminal 14 and
the TDO terminal 15.

Then, as a speclal operation, the boundary scan
elements lla-1llc have a mode 1n which either the input
cells 19 or the output cells 20 alone are brought into

their operative states and the other are brought into

- thelr non-operative states.

Thereby, when the respective i1nput cells 19 are put

in thelr operative states, the status data and the like

24
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fetched into the respective input cells 19 through the
respective 1input terminals 13 can be directly output from
the TDO terminal 15 without being shifted through the
output cells 20 as conventionally.

Moreover, when the respective output cells 20 are 1n
thelr operative states, the control data and the like
input to the TDI terminal 14 can be shifted and set
directly into the respective output cells 20, and output
from the respective output terminals 18 to the external,
without being shifted through the input cells 19 as

conventionally.

By the use of the operation mode 1nherent in the

.boundary scan elements lla-llc described above, the

communication system lb composed of such boundary scan
elements 1lla-llc is further improved 1n the data transfer
rate between the communication controller device 3 and the
respective boundary scaﬁ elements lla-l1llc as compared with
the communication system la described above.

< Other Embodimerit s>

Further, while 1n the first and second embodiments
described above, the picture signals in the analog signal
form are output from the respective monitoring camera
units 6a-6c and they are input through the analog
communication line 10 to the analog signal processing unit

7, picture signals in the digital signal fOrm.may be

- output from the respective monitoring camera units 6a-6cC

and they may be i1nput through a digital communication line

(or a bus, an optical fiber cable, or the like) to a

digital signal processing unit.

25
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In addition, while in the first and second
embodiments described above, the monitoring camera units
6a-6c are controlled as the terminal units of the
communication systems la and 1lb, other terminal units e.g.

a measuring device for measuring physical values of the

objects to be monitored, individual computer unit in
distributional arrangement, and the like may be controlled

to collect measurement, processing results, and the like

output from these respective measuring devices and

respective computer unit.

26
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1. A communication system comprising:

a plurality of boundary scan elements including a
plurality of boundary cells individually assigned to
respective input terminals and output terminals, a TAP
circuit for controlling input and output of data to or
from said boundary cells, a TDI terminal for inputting
serial data to be supplied to said boundary cells, a TDO
terminal for outputting data from said boundary cells in
the form of serial data, a TCK terminal into which a clock
signal is input, and a TMS terminal into which a mode
signal for switching the operation mode of said TAP
circuit is input;

a plurality of terminal units each connected with

each of said boundary scan elements or provided with an IC
into which each of the elements is incorporated; and

a communication controller connected with said
boundary scan elements in series for
transmitting/receiving through said boundary scan eléments
control data for individually controlling said terminal
units, ‘ '

characterized in that

said terminal units are connected in parallel and a
single data communication line for transmitting output

data of said terminal units to said communication

controller is provided.

2. The communication system according to claim 1,

2°7
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characterized in that said output data are analog signals;
and an analog signal processor for processing said output

data is provided between said communication controller and

said communication line.

3. The communication system according to claim 1 or Z,
characterized in that said boundary cells 1nclude a
plurality of input-terminal-side boundary cells connected
in series and assigned to said input terminals

10 individually, and a plurality of output-terminal-side
boundary cells connected 1n series and assigned to saild
output terminals individually,'and said input-terminal-
side boundary cells and said output-terminal-side boundary

cells are connected in parallel between said TDI termlnal

15 and said TDO terminal.

28
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