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a signal multiplexer (160),
output line connected to receive video signa

signal insertion
code signal insertion device (132), a timing generator and

device (121), a code signal insertion device (131), a duplicate synchronization signal insertion device (122),
interface (150) for controlling both of the synchronization signal insertion devices

and both of the code signal insertion devices and a microcontroller (140) for controlling the timing generator and interface.
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A video signal routing system for video signals which includes a video signal carrying line arranged in a loop beginning and ending at
a plurality of video cameras (111-114) electrically connected to the line at points spaced therealong, and a video
Is from the cameras through the multiplexer for display. The system includes a synchronization

a duplicate




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
(911}
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Ammenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Repubtic
Congo
Switzerland
Céte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

ltaly

Japan

Kenya
Kyrgyzstan
Democratic People's
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
™D
TG
)
™
TR
TT
UA
UG
uUs
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/09441 PCT/US97/14907

10

15

20

25

30

35

Vi Y

BACKGROUND

The present invention relates to systems for routing
video signals, and more particularly, to systems for
routing video signals from a single loop of cable.

In a video system such as a video multiplexing system
where there are multiple cameras on a single loop of wire,
the loop system can lose video from some or all cameras
if the loop of coax is broken or somehow disconnected.
Therefore, there is a need for a video routing system that
can prevent the loss of video signals when the loop of

coax 1s interrupted.

SUMMARY QOF THE INVENTION

In accordance with the invention, a video signal
routing system for video signals which is adapted to
remain operative despite a break in the video signal
carrying line is provided. It includes a video signal
carrying line arranged in a loop beginning and ending at
a signal multiplexer and a plurality of video cameras
electrically connected to said line at points spaced
therealong. It also includes a video output 1line
connected to receive video signals from said cameras
through said multiplexer for display. There is a
synchronization signal insertion device in said video
signal carrying line adjacent the beginning of its loop
between said multiplexer and said cameras and a code
signal insertion device in said video signal carrying line
adjacent the beginning of its loop Dbetween said
multiplexer and said cameras. In addition, there is a
duplicate synchronization signal insertion device in said
video signal carrying line adjacent the end of its loop
between said multiplexer and said cameras as well as a
duplicate code signal insertion device in said video

signal carrying line adjacent the end of its loop between
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said multiplexer and said cameras. A timing generator and
interface responsive to control signals derived from said
video output line is provided for controlling both of said
synchronization signal insertion devices and both of said
code signal insertion devices, and a microcontroller is
provided for controlling said timing generator and

interface.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of
the present invention will become better understood with
regard to the following detailed description, appended
claims, and appending drawings where:

Figure 1 is a block diagram of a videco multiplexing
system incorporating one embodiment of the present
invention; and

Figure 2 is a block diagram demonstrating the
multiplexing system in Figure 1 with a break in the

coaxial loop.

DETAILED DESCRIPTION

Referring now to the figures, there is shown a
multiplexing system 100 illustrating one embodiment of the
present invention. The video multiplexing system 10
generally comprises a coaxial loop of cable 110 having
video cameras 111-114 connected thereto, sync inserters
121, 122 for inserting synchronization signals on the
coaxial loop 110, code inserters 131, 132 for inserting
control codes on the coaxial loop 110, a loop multiplexer
160 for receiving signals from the coaxial loop 110, a
sync detector 170 for detecting synchronization signals
on the video from the loop multiplexer 160, a video level
detector 180 for detecting video levels on the video
signal from the loop multiplexer 160, a video processor
190 for processing the video from the loop multiplexer

160, and a timing generator and interface 150 and a
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microcontroller 140 for controlling the various components
of the multiplexing system 100.

When the coaxial loop 110 is connected properly, as
shown in FIG. 1, the control codes and synchronization
signals are inserted onto a first end 110a of the coaxial
loop 110 by the code inserter 131 and the synchronization
inserter 121, respectively. As the synchronization
signals and control codes propagate from the first end
110a of the coax loop 110 to a second end 110b, the
cameras 111-114 receive the synchronization signals and
the camera codes. The cameras 111-114 use the
synchronization signals on the coaxial 1loop 110 to
synchronize the signals of the cameras 111-114. The
camera codes on the coax loop 110 provide information to
the cameras 111-114 such as which camera is to insert
signals onto the coaxial loop 110 and at which times to
build or insert a video signal on the coaxial loop 110.
In one embodiment, the multiplexing system 100 uses the
synchronization signals and the control codes to build a
composite video signal onto the coaxial loop 110 in the
same manner as in the co-pending U.S. Patent Application
Serial No. 08/501,261, entitled “VIDEO MULTIPLEXER", filed
on July 11, 1995, assigned to the assignee of the present
invention, which is hereby incorporated in its entirety
by reference thereto. The resulting video signals are
received at the second end 100b of the coaxial loop 110
by a first input 160a of the loop multiplexor 160. During
the period in which the video signals are being received
from the second end 110b of the coaxial loop 110, the
synchronization inserter 122 and code inserter 132 pass
video from the second end 110b of the coaxial loop to the
loop multiplexer 160.

When a break 110c in the coaxial loop 110 exists, the
video signa.l received at the second end 110b of the
coaxial loop 110 is disrupted. Synchronization signals
from the synchronization inserter 121 are received only

by the cameras 111-112 before the break 110c in the
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coaxial loop 110. The cameras 113-114 of the break 110c
in the coaxial loop 110 will not be able to synchronize
to the system because they do not receive the
synchronization signal from the synchronization inserter
121. Also, control codes from the code inserter 131 are
received only by the cameras 111-112 before the break 110c
in the coaxial loop 110. The cameras 113-114 will not
sense when the respective camera is to build or insert
video signals onto the coaxial loop 110 because they do
not receive the control codes from the control code
inserter 131. Furthermore, although the cameras 111-112
before the break 110c in the coaxial loop 110 receive the
synchronization signals and control codes from the
synchronization inserter 121 and the code inserter 131,
respectively, any video built or inserted on the coaxial
loop 110 by those cameras is not received at the second
end 110b of the coaxial loop 110 by the first input 160a
of the multiplexer 160 due to the break 110c in the
coaxial loop 110.

There are several ways to detect a break in the
coaxial loop 110. 1In one embodiment, the microcontroller
140 determines if a break exists in the coaxial loop 110
by using the video level detect 180 to count the number
of cameras 111-114 that are not responding to their
corresponding control data codes inserted on the first end
110a of the coaxial loop 110 by the code inserter 131.
If none of the cameras 111-114 are responding, then it is
assumed that the coaxial loop 110 is broken. 1In another
embodiment, the microcontroller 140 determines if a break
ekists in the coaxial loop 110 by using the sync detect
170 to verify the absence of the synchronization signal
inserted onto the first end 110a of the coaxial loop 110
by the sync insert 121, at the second end 110b of the
coaxial loop 110. If the coaxial loop 110 is broken, as
in FIG. 2, then no synchronization signal is present at
the second end 110b of the coaxial loop 110 for the sync
detect 170 to detect.
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If it is determined that the coaxial loop 110 is
broken, as in FIG. 2, the synchronization signals and
control codes are inserted onto both ends 110a and 110b
of the coaxial loop using the sync inserter 121 and the
duplicate sync inserter 122, and the code inserter 131 and
the duplicate code inserter 132. The microcontroller 140
uses the video level detect 180 to check each end 110a or
110b of the coaxial loop 110 for the presence of a video
signal when a camera code for a particular camera is
commanded. The microcontroller 140 keeps track of which
end 110a and 110b of the camera loop 110 that video 1is
detected in response to a particular camera code for a
particular camera. After a configuration period of time,
the microcontroller 140, through the timing generator and
interface 150, then selects the appropriate end 110a and
110b of the coaxial loop 110 for each of the cameras 111-
114 using the multiplexer 160 to receive the videos from
the corresponding camera, and sends the video from the
multiplexer 160 to the video processor 190 for processing
into an output.

Video received in a broken loop preferably has a
phased-shift correction to correct the phase shift due to
receiving the video on the same end 110a and 110b of the
coaxial loop 110 that the synchronization signal 1is
inserted. The phase error can be corrected using the
method described in the co-pending application filed
concurrently herewith as Attorney Docket No. 27761-00054
entitled “PHASE COMPENSATION FOR VIDEO CAMERAS", assigned
to the assignee of the present invention, which is hereby
incorporated in its entirety herein by reference thereto.
The amount of phase compensation will be different for
each camera and will be greater for the furthest camera
from the loop multiplexer 160, i.e., the cameras closest
to the break in the loop 110.

After the coaxial loop 110 is broken, the coaxial
cable is no longer properly terminated with a termination

resistor. To prevent the termination of the cameras
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closest to the break 110c in the coaxial loop 110 from
being a manual job, a method of automatic termination must
be used. 1In the automatic termination, each camera 111-
114 must have the ability to receive a "terminate" command
and terminate its input with a termination resistor in
response thereto. 1In one embodiment, the cameras 111-114
receive the "termination” command as serial data generated
by the microcontroller 140 through the timing generator
150 and inserted by the code insert 121, 122. In this
embodiment, the camera receives the ‘“termination” 21
command in the vertical blanking interval of the video in
the same manner as the phase up/phase down/phase neutral
signal is received by the camera in the co-pending
application entitled “PHASE COMPENSATION FOR VIDEO
CAMERAS", previously referenced above and incorporated in
its entirety by reference thereto. However, to send a
termination command to the proper camera 111-114, the
microcontroller 140 must know which one of the cameras
111-114 are closest to the break 110c. In one
embodiment, the microcontroller 140 is pre-programmed to
know the order of the cameras 111-114 from the first end
110a of the coaxial loop 110 to the second end 110b. By
knowing which cameras 111-114 are active on which ends
110a and 110b of the coaxial loop 110, the microcontroller
140 can send the appropriate terminate commands to the
cameras closest to the break 110c. However, this method
requires that the cameras be installed in a certain order.
In another embodiment, the microcontroller 140 keeps track
of which cameras 111-114 require the most phase correction
by the video processor 190. The cameras that are closest
to the break 110c in the coaxial loop 110 will require
the most phase compensation. Therefore, the
microcontroller 140 would send termination signals to the
cameras 111-114 that require the most phase compensation
by the video processor 190.

Although a preferred embodiment of the method and

apparatus of the present invention has been illustrated
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in the accompanying Drawings and described in the
foregoing Detailed Description, it will be understood that
the invention is not limited to the embodiment disclosed,
but is capable of numerous rearrangements, modifications
5 and substitutions without departing from the spirit of the

invention as set forth and defined by the following

claims.
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WHAT IS CLAIMED IS:

1. A video signal routing system for video signals
comprising:

a video signal carrying line arranged in a loop
beginning and ending at a signal multiplexer;

a plurality of video cameras electrically
connected to said line at points spaced therealong;

a video output line connected to receive video
signals from said cameras through said multiplexer for
display;

a synchronization signal insertion device in
said video signal carrying line adjacent the beginning of
its loop between said multiplexer and said cameras;

a code signal insertion device in said video
signal carrying line adjacent the beginning of its loop
between said multiplexer and said cameras;

a duplicate synchronization signal insertion
device in said video signal carrying line adjacent the end
of its loop between said multiplexer and said cameras;

a duplicate code signal insertion device in said
video signal carrying line adjacent the end of its loop
between said multiplexer and said cameras;

a timing generator and interface responsive to
control signals derived from said video output line for
controlling both of said synchronization signal insertion
devices and both of said code signal insertion devices;
and

a microcontroller for controlling said timing

generator and interface.

2. A method comprising the steps of:
determining that a break has occurred in a cable
loop having a first end, a second end, and at least one
camera connected to said cable loop between said first end

and said second end;
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determining whether said camera is connected to
said first end or said second end of said cable loop after
the break has occurred to said cable loop;

inserting a synchronization signal for said
camera onto the end of said cable loop that said camera
is connected to after the break has occurred to said cable
loop:

selecting the end of said cable loop that said
at least one camera is connected to after the break has
occurred to said cable loop, for receiving video signals

inserted onto said cable loop by said at least one camera.



(9Z 31nY) 133HS 31NLILSENS

COAXIAL LOOP

13

\
H

~

COAXIAL LOOP

13
N

110

A

D]

110b

1100

110b

BREAK IN

110c{ < COAXIAL

(
112

LOOP
110 110a

f/

camera 11

114

T L

114

1}2 1}2 ;90
DUPLICATE | [ DUPLICATE FIG. 1
SYNC CODE
1600 170 180 - 190
NSERT_| || NSt 16 y y y
sc2 - CODE2 | axtmux || swe || MOEO 1 vioeo | vioeo
SYNC_1 CODE_1 160 DETECT PROCESSING | OUTPUT
C_ e DETECT
\
SYNC CODE 160b T l l
INSERT [ INSERT [
S T SINC_2+-| 'piic GENERFTOR | | MICROCONTROLLER
121 131 CODE_1=- 150 140
CODE_ 2 .
122 132 ’1/00
DUPLICATE | [ DUPLICATE FIG. 2
SYNC CODE
160a 170 180 190
NSERT_| | SERT 16 y 5 y
sme2 - cooez | o | sme | BEO 1L wioeo | vioeo
SYNC_1  CODE_f DETECT PROCESSING [ OUTPUT
| £ ECT{ | pevect
\
SYNC CODE 160b
INSERT [ INSERT -
SYNC_1 =
-1*1 1IMING GENERATOR
. SYNC_2<— MICROCONTROLLER
Y N o] A INTERRACE ey MRS

CODE_2 =

150

L/

1¥¥60/86 OM

LO6¥1/L6S(/LOd



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US97/14907

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :HO4N 7/i8
US CL  :348/159, 500

According to International Patent Classification (IPC) or Lo both national classification and IPC

B. FIELDS SEARCHED

u.s. 348/159,500,143,153,705,722,512,513,514,515,14-2

Minimum documentation searched (classification system followed by classification symbols)

0; HO4N 7/10, 7/16, 7/173, 7/18

Documentation searched other than minitum documentation to the

extent that such documents are included in the fields scarched

Electronic data base consulted during the international search (na

me of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Calcgory‘ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
AP WO 97 03524, A (COOPER et al.) 30 January 1997, whole | 1-2
document.
A US 5,335,014 A (ELBERBAUM) 02 August 1994 1-2
figure 1; abstract.
A US 4,298,889 A (BURIANEK et al.) 03 November 1981, figure 1. | 1-2
A FR 2,704,379 A (TAILLADE) 22 April 1993, figure 1. 1-2
A US 4,577,344 A (WARREN et al.) 18 March 1986, figure 1;| 1-2
abstract.

D Further documents are listed in the continuation of Box C

. D See patent family annex.

. Special categories of cined documents

*A* document definng the general state of the art winch s not considered
to be of particuiar relevance

“E° earlier document published on or aflter the intemational filing date

°Lr document which may throw doubts on priority claim(s) or which 18
cited to establish the publication date of snother cistion or other
special reason (as specified)

0" document referring 1o an oral disclosure. use. exhibition or other
mesns

°p* document published prior to the internanonal filing date but iater than

the prionity date claimed

later d published after the unter 1 filing date or prionty
date and not i conflict with the applicauon but cited to undersuand
the principle or theory underlying the invention

B

document of particuler relevance, the claimed wvention cannot be
considerad novel or cannot be considered 1o involve an invenuve step
when the document is taken slone

dooument of paricular relevance. the claimed invention cannot be
considered to involve an invenuve step when the document 1s
combined with one or more other such d ts, auch binati
being obvious to » person skitled in the art

eye

&" document member of the same patent family

Date of the actual completion of the international search

30 OCTOBER 1997

Date of mailing of the international search report

2 4 DEC 1997

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

n

Authorj r

CHRISTOPHER GRANTAY/

Telephone No.  (703) 305-3900

Form PCT/ISA/210 (second sheet)(July 1992)»




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

