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Abstract

Themost popular method for abstracting visual information
from video images is based around image grabbing tech-
niques. Thisis expensive, bulky and quite often too slow. It
also requires the use of large amounts of processing power.

Thereareanumber of applications, ranging fromintelligent
toysto machine vision and security applicationswhich need
either low cost video images or ones that can be digitally
manipul ated.

Themain criteriafor the camera described wasits manufac-
tured cost - below $20. It had to be easily mass produced and
small enough tofit into mobiletoys, such asradio controlled
cars. It also had to have good enough resolution so it could
be used in a number of machine vision applications for
mobile robots, industrial automation and security.

Introduction

The most popular method for abstracting visual information
using video cameras is based around image grabbing tech-
niques. Thisisexpensive, bulky and quite often too slow. It
also requires the use of large amounts of processing power.
Initssimplest form most of thiseffort iswasted.

Video camerasusing thesetechniquesusually useaccd array
asthe image sensor. The information from that array isthen
convertedtointernationally accepted standardswhichisthen
availablein al Vpp composite video analogue format. The
video processing system then has to grab each frame and
convert each pixel into a binary code that can be stored in
memory.

In many applications the cameraisin close proximity to the
processing unit. Thus the conversion to complex analogue
form is not necessary. The camera described here takes the
anal ogueinformationfromtheccdarray, processesit through
asimpleA-to-D flash converter and then usesan of f-the-shel f
8-bit microcontrollerto processthetimingsignals. Toachieve
alVppcompositevideo analoguesignal, if required, aD-to-

A converter can be used.

Although thisis not too different from accepted techniques
used in most commercially avail able camcorders, these have
usually beendesignedtogivenear broadcast quality pictures,
andincolour. For many applicationslow quality monochrome
isall that is needed.

At the same time most video images are based on broadcast
standard frame rates, usually 25 or 30 frames per second
interlaced. In many applications a variable frame rate is
necessar. Also the possibility of dynamically changing the
resolution of theimageisalso very useful.

The second largest manufacturing industry in Hong Kong,
after garments, istoys. Owing to the transfer of low technol -
ogy manufacturing to Southern China the Hong Kong toy
industry ismoving towardstoyswith builtinintelligenceand
further added-valuefunctions. Oneof theseisvision capabil-
ity. For the toy industry such enhancements need to be low
cost and easily mass produced.

The initial main criteria for the camera described was its
manufactured cost - below $20. It had to be small enough to
fitintomobiletoys, suchasradiocontrolled cars. A secondary
criteriawas that it al'so had to have good enough resolution
soit could beusedinanumber of machinevisionapplications
for mobile robots and industrial automation.

Takinginto account thebasicdesign criteriait wasdecided to
use as many standard off-the-shelf components as possible.
Thiswould allow easy manufacture of asingle-chip version
using design automation techniques where many embedded
sub-system designs are available. At the sametimeit would
alow easy prototyping and testing.

The design also had to be video format independent, aswell
as having variable scan rate and pixel resolution.

General Description of Electronics

Thetwo mainapplicationsof thecamera, ietoysand machine



vision, require the signals from the memory to be processed
indifferentways. Thesignal stogeneratethecompositevideo
for the former involve converting the digital data back to
analogue. For thelatter, thedataneedstobekeptindigital form
and sent to whatever device will do the image processing.

The initia protoype, to be described first, produced the
composite video signal. Another reason for building the
composite video version first was so that the quality of the
cameracould bejudged visually on atv monitor. The second
version, described later, was used for image processing.

Fig. 1 showsthegeneral block diagram of the camera. It was
decided to use an ‘ off-the-shelf’ ccd array. Theccd array is
configured asa 165 by 192 pixel array. The output from the
array is passed to an analogue to digital converter, which
converts the analogue levels from the ccd array into digital
information which isthe stored in RAM.

Therearetwo setsof memories. Oneisusedtostorethepicture
informationfromtheADC, whiletheother providesdatatothe
DAC. Their positions are changed after each ‘ page’, so asto
maintain dataoutput during thetworead writecycles. Datais
switched betweenthetwomemoriesusingamultiplexer switch-
ingcircuit(MUX). Thememory control unit(MMU) initialises
each cycle aswell as holding the memory addresses for the
data.

Thecentral control unit (CCU) providesall the handshaking
signalsfor theccd array, ADC, DAC and MMU. Thedigital
to analogue converter (DAC) converts the data from the
memory back into analogue form, whereit ismixed with the
complex sync signal generated by the CCU. This composite
video signal is then fed to an amplifier to give the 1V pp
standard video signal.

CCDArray

TheTC211isafull-framecharge-coupled-deviceimagesen-
sor, configuredinto 165 horizontal lines, each containing 195
pixels. Twelveadditional pixelsareprovided at theend of each
line to establish a dark reference and the line clamp. An
antiblooming featureis activated by support clock pulsesto
the antiblooming gate. The charge is converted to a signal
voltageof 4uV per electron. Thesignal isfurther buffered by
alow noisetwo stagesourcefollower amplifier toprovidehigh
output drive capability.

The output from the ccd array isthen converted to ttl levels.
In the original prototype the various voltage levels required
by the ccd array were generated by complex analogue cir-
cuitry. This has recently been replaced by specialised inte-
grated circuits. The complex timing signalsfor the ccd array
wereinitially generated using standard oscill ator circuits. However,

to givethetiming flexibility required for variable framerate, these
were replaced by signals generated by the microprocessor.

Other circuit elements

Because of the speed needed to convert the signal from the
array aflash ADCwasused. Experimentationwiththeaccept-
ableresolution of thefinal picture, aswell asthe number of
grey scalesrequired, indicatedthat a6 bit ADCwashecessary.
TheCA3306,aCMOSparaléel (flash) 6 bit ADC, hasaclock
speed of up to 10MHz, which was adequate for this applica-
tion.

Thefunction of theswitchisto control thedataflow between
memory and ADC, and memory and DA C. Sincethe datafrom
theADCtomemory, thewriting process, andthedatafromthe
memory to DAC, thereading process, take place at the same
time, thecircuitisusedtoswitchthechannel for thedataflow.
The switch was constructed from two multiplexers, oneana
logue, the other digital.

A high speed 8 bit current output DAC, the DAC0800, was
used to convert the data. This has a conversion speed of
10MHz. Asthedigital signal hadonly 6bits, thesparetwowere
used to provide reference negative and positive DC bias
voltages.

Thesignal fromthe DAC, aswell asthe complex video sync
signal generated by the microprocessor, were then mixed.
Thiswaskept very simple- asingle2N3904 transi stor - asthe
input signals had a V pp of around 5V, whilst the output had
aVppof 1V.

Asthe speed for accessing thememory ishigh, 4AMHz, it was
not possibleto generatethe addressesby themicro-controller
asthe controller needed would bevery expensive. Therefore
it was necessary to construct adedicated address counter. In
fact, two counters were used, one each for the vertical and
horizontal addresses.

An 8031 microcontroller wasused asthe central control unit.
Asthisdoes not haveinternal memory and external EPROM
wasrequired.

Software

Themainfunction of thecentral control unitistogeneratethe
control signasl for the components such as CCD and DAC.
With the configuration of the prototype another important
roleisthegenerationof thecomplexvideosyncsignal (CVS).
Sincethetiming of the CV Sisvery important - it will directly
affect the signal displayed on thetelevision, the video syncs
were generated before the control signals. The camera was
designedtooperateusing PAL or NTSCformats. As nocolour



information wasrequired, the only criteriawasto make sure
that the sync signals could be generated under program
control to give both signals.

Experimental results

For theprototype, thecamerawasbuilttoNTSCformat, with
software compensating for the difference between that and
PAL. Consequently, theimagedisplayedinNTSCformat was
sameasthe‘original’.

For theinitia prototype built with discrete components and
wirewrapped, theresulting picture wasvery noisy, although
theimagewasquiteclear. Thesecondversion, onsinglesided
pch, was much less noisy. A final version, using 4-layer pcb
and smt components is currently being constructed.

Conclusions

The prototype showed that the basic concept was valid,
especially as the total component cost was under US$50.
Estimated cost for thesmt versionisaround US$40. Elimina-
tion of the external memory, by using amicroprocessor with
internal memory isthe next stage of development. Thiswill
reducethe cost even further. Finally, using EDA techniques,
afully integrated version, using just four main chips, isthe
final goal. Thisshould then reach the US$20 cost that wasthe
origina aim.

Since theinitial development of the camerawas for toy and
domestic uses, anumber of other applicationshavearisen. In
the field of machine vision, for example, expensive frame
grabbers are used to take the composite video signal and
convert it into adigital one.

As the original signal coming from the ccd array is easily
converted to adigital one by the use of just an ADC, most of
thisintervening circuitry isreally unnecessary. A concurrent
programme isinvestigating whether image processing tech-
niques, such as Hough Transform edge detection, can be
integrated into the camera so that only needed information
goesto the computer, thuslowering the cost of such applica-
tions.

Withthistypeof applicationthesignal processingtakesplace
directly afterthe'MUX B' stage. Thuscompositevideosignal
isnot required, making the cameraeven lesscostly. Without
the need to generate thetiming signalsfor the complex video
stage, the cpu can be used for other activities, as mentioned
above.

Similarly, another application isin the security area. Asitis
possible to selectively scan the image, resolution enhance-
ment can be integrated into the software, thus providing an
intelligent camerathat can eliminate the need for expensive

control equipment.

With the recent introduction of higher resolution ccd arrays
it should be possibleto devel op an even better camerafor the
sameprice.
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Figl: Block diagram of prototype camera



