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HIGH SPEED DIGITAL VIDEO SERIAL LINK 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to high 
speed digital serial communication and in particular to high 
speed digital communication for video data signals and 
control. 

BACKGROUND OF THE INVENTION 

[0002] In conventional machine vision communication 
and control systems, a processor is connected to remote 
devices such as video cameras using a cable having numer 
ous conductors. The cable includes multiple control lines for 
controlling operations of the camera. These operations can 
include focusing the camera, positioning the camera, and 
capturing a picture. The cable also includes data, synchro 
niZation and timing lines for transmitting video signals from 
the camera to the processor and additional lines for supply 
ing poWer to the camera. 

[0003] Different control systems have been used to control 
a plurality of cameras. One system uses a plurality of 
cameras, each requiring a separate controller and a separate 
communication cable. This system becomes cost prohibitive 
to implement as the number of remote cameras increase. In 
another system, one controller can communicate With more 
than one camera. This system, hoWever, requires that all 
cameras be the same type and that only one camera acquire 
an image at a time. Both of these systems have dif?culty 
achieving the speed and ?exibility required to control a 
plurality of cameras simultaneously and are limited in the 
number of cameras Which can be controlled. In a manufac 
turing setting Where real-time control of a number of dif 
ferent devices is needed, such conventional systems are 
impractical and often undesirably expensive. 

[0004] The distance Which a controller and camera can be 
separated is limited by the cost and operating characteristics 
of the cable. A cable having numerous conductors is expen 
sive to purchase, install and maintain. Further, most video 
cameras’ output signals are in an analog format Which is 
susceptible to noise and attenuation losses, distortion, cross 
talk and ringing over long transmission cable distances. The 
cameras, therefore, must be located in proximity to the 
controller, further reducing the ?exibility of such systems. A 
typical maximum distance betWeen a controller and a cam 
era is approximately 100 feet. 

[0005] A further disadvantage of conventional systems is 
poor interchangeability of different types of cameras. That 
is, because a camera is connected to the controller With a 
speci?c cable, changing a camera may require a cable of a 
different con?guration. If the neW camera uses a different 
communication format, further modi?cations to the control 
ler are required. Finally, operating characteristics Which vary 
among cameras such as horiZontal and vertical timing can 
not be easily adjusted remotely. 

[0006] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a fast, ?exible and 
inexpensive communication and control system for video 
cameras and other remote devices. 

SUMMARY OF THE INVENTION 

[0007] The above mentioned problems With communica 
tion and control systems and other problems are addressed 
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by the present invention and Which Will be understood by 
reading and studying the folloWing speci?cation. Acommu 
nication and control system is described Which provides 
real-time bi-directional communication and control of a 
plurality of remote devices, such as video cameras. 

[0008] The present invention provides a high speed digital 
serial communication and control system, and correspond 
ing methods of operation, for use in machine vision systems. 
The invention alloWs for real-time remote control of cam 
eras and other input/output devices. The digital transmission 
of video data can include data error checking and has more 
noise immunity than conventional systems. The present 
invention uses simpler cheaper cables, increases the distance 
betWeen the remote units and a main processor, alloWs for 
the easy mixing of camera types and provides the option of 
expanding the system by adding additional secondary hubs 
and cameras. The present invention simpli?es the main 
processor and alloWs for the simultaneous acquisition of 
images from a plurality of remote video cameras. The 
invention alloWs a plurality of remote units to communicate 
With a main processor either With or Without an intermediate 
communication hub. The remote units can be video cameras 
transmitting digital signals. Video cameras transmitting ana 
log signals can be used, provided an intermediate commu 
nication hub is also used. 

[0009] In particular, the present invention describes a 
vision control system using bi-directional high speed serial 
digital transmissions. The system comprises a main proces 
sor for receiving and transmitting packaged digital data or 
control signals, a primary communication hub having a ?rst 
interface and a plurality of second interfaces, the ?rst 
interface connected to the main processor through a serial 
communication bus, and a plurality of remote video cameras 
having a third interface connected to one of the second 
interfaces. The third interface comprises a transmitter for 
transmitting packaged digital data or control signals and a 
receiver for receiving packaged digital signals. The primary 
communication hub manages communications betWeen the 
remote video cameras and the main processor and responds 
to high priority communications. In an alternate embodi 
ment, at least one remote input/output unit is connected to 
one of the second interfaces alloWing the main processor to 
communicate With any variety of remote devices. 

[0010] In another embodiment, at least one secondary 
communication hub is connected to the primary communi 
cation hub for managing communications betWeen the pri 
mary communication hub and additional remote video cam 
eras. 

[0011] The packaged digital video data signals comprise a 
source address code for identifying an address origin of the 
digital video data signal, a destination address code identi 
fying a ?nal address destination of the digital video data 
signal, a priority code identifying a priority of the transmis 
sion, and digital video data. The digital video data signals 
can further include a data error detection code for detecting 
errors in the digital video data, and a device identi?cation 
code to identify a type of video camera originating the 
transmission. 

[0012] The packaged digital control signals comprise a 
source address code for identifying an address origin of the 
digital control signal, a destination address code identifying 
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a ?nal address destination of the digital control signal, a 
priority code identifying a priority of the transmission, and 
digital control commands. 

[0013] In still another embodiment, a vision control sys 
tem using bi-directional high speed serial digital transmis 
sions comprises a main processor, communication hub and 
a plurality of remote units. The main processor comprises a 
receiver for receiving packaged digital signals including a 
header and either digital data or control signals, a memory 
for storing the received digital signals, and a transmitter for 
transmitting packaged serial digital signals. The communi 
cation hub at least distributes transmissions betWeen the 
main processor and a plurality of remote video cameras. The 
hub comprises a main processor interface connected to the 
main processor for communicating With the main processor 
and a plurality of remote video camera interfaces connected 
to the plurality of remote video cameras for communication 
With the plurality of remote video cameras. A communica 
tion hub interface is located at each of the remote video 
cameras for communication With the communication hub. 
Another embodiment describes a digital communication 
system comprising at least one camera and a processor. 

[0014] Another embodiment describes a method of bi 
directional communication in a vision control system 
betWeen a plurality of remote video cameras and a main 
processor. The method comprising the steps of serially 
transmitting digital signal packets comprising digital data or 
control signals and a ?rst header from the remote video 
cameras to a communication hub, using the communication 
hub, multiplexing the digital signal packets from the remote 
video cameras, evaluating a destination address identi?er 
included in the ?rst header and transmitting at least some of 
the digital signal packets to the main processor, serially 
transmitting digital signal packets including a second header 
from the main processor to the communication hub, and 
using the communication hub, evaluating a destination 
address identi?er included in the second header and trans 
mitting at least some of the packets to at least one the remote 
video cameras. 

[0015] Still another embodiment includes the steps of 
transmitting a high priority digital signal packet comprising 
a header having a high priority identi?er from a camera to 
the communication hub, interrupting a digital signal packet 
being transmitted by the communication hub to the main 
processor in response to the high priority digital signal 
packet and transmitting the high priority digital signal 
packet from the communication hub to the main processor, 
and completing the transmission of the interrupted digital 
signal packet. 
[0016] Another embodiment includes a communication 
protocol for transmissions betWeen a plurality of remote 
video cameras and a main processor. The protocol comprises 
a beginning code indicating a beginning of a transmission, 
a source address indicating an address of the transmission 
origin, a destination address indicating a destination of the 
transmission, a priority code indicating a priority of the 
transmission, data or control codes, and an ending code 
indicating the end of the transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram of the digital serial link 
system of the present invention including a main processor, 
communication hub and remote units; 
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[0018] FIG. 2 is an alternate embodiment of the present 
invention including a main processor and a remote unit; 

[0019] FIG. 3 is a more detailed diagram of FIG. 1; 

[0020] FIG. 4 illustrates a typical communication from 
the communication hub to the main processor of FIG. 1; 

[0021] FIG. 5 is a block diagram of a main controller of 
the main processor of FIG. 1; 

[0022] FIG. 6 is a detailed block diagram of a ?eld 
programmable gate array (FPGA) controller of the main 
controller in FIG. 5; 

[0023] FIG. 7 is a block diagram of the main processor 
interface of the communication hub of FIG. 1; 

[0024] FIG. 8 is a detailed block diagram of a FPGA 
controller of the interface in FIG. 7; 

[0025] FIG. 9 is a block diagram of the remote unit 
interface of the communication hub of FIG. 1; 

[0026] FIG. 10 is a detailed block diagram of a FPGA 
controller of the interface in FIG. 9; 

[0027] FIG. 11 is a block diagram of the interface of a 
remote camera of FIG. 1; 

[0028] FIG. 12 is a detailed block diagram of a FPGA 
controller of the interface in FIG. 11; 

[0029] FIG. 13 is a star con?guration of a number of 
remote cameras and a communication hub of the present 

invention; 
[0030] FIG. 14 is a bi-directional daisy chain con?gura 
tion of a number of remote cameras and a communication 

hub of the present invention; and 

[0031] FIG. 15 is a single direction daisy chain con?gu 
ration of a number of remote cameras and a communication 
hub of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] In the folloWing detailed description of the pre 
ferred embodiment, reference is made to the accompanying 
draWings Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c preferred embodiments in 
Which the inventions may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the 
art to practice the invention, and it is to be understood that 
other embodiments may be utiliZed and that logical, 
mechanical and electrical changes may be made Without 
departing from the spirit and scope of the present inventions. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
inventions is de?ned only by the appended claims. 

[0033] The digital serial link (DSL) of the present inven 
tion is a vision control system having bi-directional serial 
communications bus for transmitting digital data and control 
signals betWeen remote video cameras and a main processor. 

[0034] The digital video data can be used by the main 
processor to generate a response based on the content of the 
video data. That is, the main processor can include a means 
for analyZing the video data so that the DSL can operate in 
a machine vision or image processing system. 
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[0035] In the preferred embodiment, shown in FIG. 1, the 
DSL system has a main processor 100 and remote units 102, 
106 Which are connected to the main processor through a 
primary communication hub 104. The remote units can be 
video cameras 102, or input/output devices such as sensors, 
controls or strobe lights, generally referred to as remote units 
106. Other remote units are contemplated including, but not 
limited to, personal computers, devices connected With 
RS232, programmable logic controllers and industrial con 
trol netWorks. It Will be understood that any remote unit 
capable of receiving signals and generating output signals 
can be used in the present system. The primary hub 104 can 
also communicate With one or more secondary hubs 108. 
The secondary hubs function in a similar manner as the 
primary hub and are connected to additional remote units to 
thereby increase both the system’s total capacity of remote 
units and the distance betWeen remote units and the main 
processor. Distances of up to 250 feet can be achieved using 
loW cost tWisted pairs of Wires betWeen a primary hub and 
either a secondary hub or a remote unit. This distance can be 
greatly increased using higher cost links such as ?ber optic 
lines. The primary hub multiplexes data from the remote 
units and secondary hubs into a serial data stream connected 
to the main processor 100 over communication link 101. The 
primary hub also distributes and processes the data trans 
mitted from the main processor to the appropriate remote 
unit. 

[0036] The communication link 101 betWeen the main 
processor 100 and the primary hub 104 is preferably tWo 
tWisted pairs of Wires, With one pair being used for trans 
missions from the main processor to the primary hub and the 
other pair used to transmit from the primary hub to the main 
processor. Alternatively, ?ber optic, coax cables or other 
communication media such as radio transmissions can be 
used for the communication link. The use of tWo separate 
data paths alloWs for independent and simultaneous com 
munication in either direction, thereby providing the option 
of controlling a camera While monitoring the video signal 
transmitted by that camera. Alternatively, such duplex com 
munication can be achieved With frequency multiplexing or 
other such techniques. 

[0037] In an alternate embodiment Where only one remote 
unit is used, as shoWn in FIG. 2, one remote unit, eg. a 
camera 102, can be connected directly With a main controller 
110 of the main processor 100. The communication link 114 
in this con?guration comprises tWo tWisted pairs, one pair 
for each communication direction and a pair of poWer 
supply lines (or similar communication connection for a 
different type of remote unit) to exchange digital video 
signals from the camera and control signals from the main 
processor. 

[0038] Referring to FIG. 3, the preferred embodiment is 
shoWn in further detail. The main processor 100 has a main 
controller 110 for transmitting data to the primary hub and 
receiving data transmitted by the primary hub over link 101. 
The primary hub 104 has a main controller interface circuit 
118 for transmitting data to the main processor and receiving 
data from the main processor. A plurality of remote unit 
interface circuits 120 connect the remote units 102, 106 and 
secondary hubs 108 to the primary hub 104. Each remote 
camera has an interface circuit 112 for processing data 
transmitted to and received from a hub. Direct input/output 
device 122 can communicate to the hub 104 directly Without 
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using a high speed serial link. These I/ O devices can provide 
data directly to the hub Which may then be used or further 
transmitted over the DSL. 

[0039] The secondary hubs 108 are similar to the primary 
hub in that they have an interface circuit 118 for commu 
nication With the primary hub 104 and remote unit interface 
circuits 120 for communication With remote units. Before 
describing the interface circuits of the main processor 100, 
primary hub 104 and remote units, the protocol of digital 
serial transmissions in the system is described. 

Communication Protocol 

[0040] Referring to FIG. 4, data is communicated betWeen 
the primary hub, the main processor and the remote devices 
using tWo distinct formats; a control packet, and a data 
packet. The control packet is a ?xed length transmission 
used to provide control data. This control data can contain 
control information from the main processor Which is 
directed to a remote unit to control, for example, a video 
camera. The control packet can be used to control operating 
features of the video camera such as gain, offset, shutter 
speed, Zoom, focus, and iris aperture. The control packet can 
also contain requests from a remote unit for a particular 
service, for example, a camera may request that a strobe 
light be activated to assist in obtaining a video image. The 
control packet is preferably 81 bits long comprising nine 
bytes (bits 1-8) and an appended ninth bit as shoWn in Table 
1. 

TABLE 1 

Bits 8-1 

Start of control packet 
Source Address 
Destination Address 
(1 bit) priority code/(7 bit) device type 
(3 bits) spare/(5 bit) data type 
Data type index 
Real Time Clock (lower byte) 
Real Time Clock (upper byte) 
End of control packet HOOOOOOOH 

[0041] The ninth bit is used as a signaling bit to identify 
the transmission of control codes. Alogical 1 indicates that 
a control code is included in the accompanying byte. The 
start of control packet is indicated by a unique identi?er 
control code used to notify the receiver that a control packet 
is being transmitted. Adifferent unique identi?er can be used 
to indicate a high priority transmission, as described in 
greater detail beloW. That is, a high priority transmission and 
a standard priority transmission Would have different “start 
of control packet” indicators. The second byte of the control 
packet contains the address of the original transmitting 
source of the control packet and the third byte contains the 
address of the ?nal destination of the packet. A one bit 
priority code is included in the fourth byte of the control 
packet to indicate the priority of the communication. If the 
priority bit is a logical 1 the communication is high priority 
and a logical 0 indicates loW priority. The remaining seven 
bits of the fourth byte are used to identify the type of device 
transmitting data, for example, a digital camera, line scanner 
or I/ O device. The next byte contains ?ve bits identifying the 
type of control being transmitted, for example, camera 
control. Three spare bits are also included in this byte. The 
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data type index byte provides a detailed description of the 
control process desired. If the data type indicates a camera 
control, the data type indeX can be used to reset the camera, 
trigger the camera, or start and stop the transmission of 
video data. The data type and data type indeX can be 
considered a category and subcategory, respectively, thereby 
providing a means to communicate a multitude of control 
commands and requests. The real time clock is a 16 bit Word 
contained in tWo bytes and used to identify the time in Which 
the transmission Was initiated. The real time clock can be 
used to monitor the ef?ciency of the DSL system by tracking 
the elapsed time betWeen transmission and receipt. The last 
byte is a unique control code to identify the end of the 
control packet transmission. 

[0042] The second communication format, a data packet, 
is used to provide variable length data from the transmitting 
device. In a transmission originating in a remote unit, such 
as a video camera, the data is preferably a video image. 
Alternatively, in a transmission originated at the main pro 
cessor, the data is preferably information needed by a remote 
unit. The data packet can contain up to 2048 bytes of data in 
addition to 12 bytes of control information. The data packet 
format is illustrated in Table 2. 

TABLE 2 

Bits 8-1 

Start of data packet 
Source address 
Destination address 

Priority (1 bit)/device type (7 bits) 
Data type (5 bits)/data length (3 bits) 
LoWer 8 bits of data length 
Real time clock (lower byte) 
Real time clock (upper byte) 
Start of data 
Data 

1 . . . 2,048 bytes 

End of data 
Cyclic redundancy check (lower byte) 
Cyclic redundancy check (upper byte) 
End of data packet. 

HOOH OHOOOOOOOH 
[0043] The ?rst four bytes of the data packet are similar to 
the ?rst four bytes of the control packet. As With the data 
transmissions, a separate unique identi?er can be used to 
indicate a high priority transmission. Therefore, a high 
priority transmission and a standard priority transmission 
Would have different “start of data packet” indicators. The 
three spare bits of the fourth byte in the control packet are 
used in the data packet as the upper three bits of an 11 bit 
Word used to indicate the length of the data being transmit 
ted. The ninth bit of the data packet marks the transmission 
of a control code With a logic 1. The ninth bit and a unique 
control code are used to indicate the beginning of the data 
transmission. The data transmission can vary from one byte 
to 2048 bytes. The length of the transmission is primarily 
dependent upon the type of device transmitting. That is, as 
seen in FIG. 4, standard RS-170 video and double speed 
video transmit different length data packages as a result of 
the resolution of the video image captured by each type of 
video camera. FolloWing the data transmission the ninth bit 
and a unique control code are used to indicate the end of the 
data transmission. TWo bytes are used for a cyclic redun 
dancy check (CRC). The last byte contains unique control 
code to signal the end of the data packet transmission. 
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[0044] To avoid erroneously processing transmissions 
from a remote unit, the ninth bit and a unique ‘no-operate’ 
code can be transmitted from the remote unit Which indi 
cates that the unit is not transmitting valid signals. This code, 
therefore, alloWs a remote unit to stop transmitting valid 
signals Without confusing the receiver. When a receiver 
receives the no-operate code it remains in a hold state 
Waiting for the no-operate code to end and valid signals to 
continue. 

[0045] CRC is a standard data communication error detec 
tion technique incorporating the generation of a code at the 
transmission and the second generation of the code at the 
receiver using the transmitted data. The receiver compares 
the transmitted CRC and the second generated CRC to 
determine if errors occurred. A further description of CRC 
can be found in Cypress Semiconductor Applications Hand 
Book (April 1994) at 5-105. It Will be understood by one 
skilled in the art that alternate error detection and correction 
techniques can be used. 

[0046] The priority bit of both packets can be used to send 
urgent transmissions over the DSL. The primary hub typi 
cally multiplexes transmissions on a ?rst-in ?rst-out basis. If 
a high priority packet is transmitted to the hub, hoWever, the 
hub Will insert the packet into a currently transmitted packet. 
The receiving circuitry Will trigger on the ninth bit signal 
and the unique identi?er codes to retrieve the high priority 
packet Without missing any data from the currently trans 
mitted packet. As illustrated in FIG. 4, during the transmis 
sion of an RS-170 color video data packet, transmission is 
interrupted and a high priority control packet is inserted in 
the data stream, after Which the remaining data packet is 
transmitted. Real-time control of remote devices can, there 
fore, be achieved. To assist the receiving circuitry in detect 
ing the presence of a high priority packet, the start control 
packet byte and start of data packet can be used to indicate 
the transmission of a priority packet, as described above. 

Main Controller Interface Circuitry 

[0047] Referring to FIGS. 5-6, the main controller 110 of 
the main processor 100 is described in detail. As described 
above, the main controller 110 connects the primary com 
munication hub 104 to the main processor. That is, the main 
controller is an interface betWeen the main processor and the 
rest of the DSL system. The controller 110 transmits control 
and data packets to the DSL and receives and stores packets 
for retrieval by the main processor. The control packets 
transmitted to the DSL could, for eXample, be used to enable 
different remote cameras, trigger cameras, request digital 
video outputs, or run built-in-self-tests (BIST) on the remote 
units. The control commands available are limited only by 
the type of remote units implemented and the above 
eXamples are not intended to limit the commands available 
for transmission from the main controller. 

[0048] In the up-stream (toWard the remote unit) direction, 
the main processor is connected to a DSL control circuit 130 
to process upstream packets. The control 130 regulates 
upstream transmissions and provides the packets to trans 
mitter 132 Which transmits to a primary hub 104 over link 
101. The preferred transmitters of the present system are 
HOTLinkTM CY7B923 transmitters manufactured by 
CYPRESS Semiconductor Inc., San Jose, Calif. For detailed 
information and operation see HOTLinkTM User’s Guide 












