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ABSTRACT : Fibre Optic imaging systems are fast emerging in diverse applications areas like endoscopy,
machine inspection, video transmission, etc. We propose and develop here, for the first time, motion picture
sensing using fibre optic imaging. Piezo-aided vibrations of an optic fibre cable has been successfully incor porated
in the design, to scan and transmit optical data. Refinement and signal processing done on these optical signals
allows us to analyze and confirm that this mechanism is suitable for continuous digital data transmission. In
this paper we introduce some of these aspects and explore their realization in micro-opto-electro mechanical
systems. Preliminary results of the proposed structure have been summarized in this paper.
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. INTRODUCTION

Early television cameratubesinvariably used photoemittersas
light detectors. Photoel ectron emission formed the image [1].
The image dissectors, however, suffered from a range of
drawbacks, primarily duetotheir dependenceonhighlightlevels.
The next camera tubes to evolve were the storage types that
employed the transparent conductors. The vidicon tube
employing antimony trisulfide asthe photoconductor wasthe
first successful photoconductive television camera tube.
Various other photoconductive camera tubes have been
developed since, all identified with adifferent trade name. All
these tubes operate with atarget readout signal and use low-
velocity scanning with an electron beam. The deflection and
focusing of the electron beam vary in many of these different
tubes. Most tubes utilize magnetic focusing and magnetic
deflection. The rest employ €electrostatic focus and magnetic
deflection, or magneticfocusand el ectrostati c deflection, and a
few use electrostatic focus and deflection. All use an electron
gunfor generating theel ectron beam, derived fromathermionic
cathodethat emergesfrom asmall aperture.
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Fig. 1: The vidicon TV camera scanning system, which employs an
electron beam to scan the entire image.

A schematic depicted in Fig 1 shows the basic principle
behind such an architecture, wherethe object to be scanned or
televisedisfocused onatransparent conductor, usually coated
withphotoresistivematerialslike Antimony Trisulfide, Selenide,
through aconvex lenswiththeimagebeing formed at itsfocus.
Dependingonthevaryingintensity of theimageformed onthe
screen dueto the object at infinity, the photo resistive material
developsvariableconductivitiesonitsareasdepending onthe
intensity of the exposure dueto the object. A beam of electron
scansthescreen, the pattern of whichisrepeated ontheraster
screen through synchroni zation pul sestransmitted during the
fly back time of the electron beam. Depending on the variable
resistance encountered by the electron beam, a current
flowsthroughtheloadresistanceandtheoptical informationis
stored in the form of electrical signals. Due to several bulky
€l ectro-mechanical structuresinvolved, thesetechnologiesare
cumber some.

To eliminate the mentioned bulky structures, the
technological devel opmentsfor fabricating and manufacturing
solid-state imaging arrays[2,3] was started 20 years ago. The
technological advancements and developments in thin film
processeshave spurred thedevel opment of solid state cameras
and thin film single unit sensors which perform at par with the
present camera tubes, but the cost of manufacture and the
complexity isnot sustainable. Consequently the possibility of
developing newer and yet more advanced alternatives is
constantly beinglooked into.

This paper reports a novel piezo-vibration synchronized
motion picture sensing methodology using optical fibre[4,5].
Fibre optic cable embedded [6] within a piezo-electric crystal
canbeemployedtoserveasamicro-structuredsingleunitdevice
for r eal-time motion picture sensing and transmission. Optical
signal transmission of continuousphenomenacan beachieved
through synchronized or tuned vibration of thefree end of the
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fibre optic wave guide. The free end of the optical fibre or the
scanning probeisvibrated at afrequency requiredfor generating
the appropriate frame rates for real-time streaming video
applications. This approach eliminates the incorporation of
complex electron emission sources. deflection fields and
associated circuitry.

1. STRUCTURE AND METHOD

In our system, information sensing at the transmitting end is
done through tuned and synchronized vibrations of thetip of
an optic fibre cable that scans the entire area of interest. The
particularimagetobescannedisfocusedtoasmall areathrough
apowerful lensonascreen. A schematic of theproposed design
isshowninFig 2.
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Fig. 2 : A schematic of the motion sensing transmitting unit for real
time data transmission.

Thetipof thefibreiscontinuously transl ated by application
of a periodic linear movement. Two translation sources are
required for movement in the two directions, one with the
frequency 15.625 kHz and another sawtooth signal of 50Hz.
These two synchronized signals are generated through a
Microcontroller and fed to an amplifier through a Digital to
Analog converter whichdrivesapiezoelectriccrystal. Thefibre
tip is attached to the piezo crystal. This allows the fibre to
continuously scan the screen, precisely transmitting
information, at aframerate of 25fps. Thescreen pixel resolution
is625 x 625. For reconstruction at the receiving end, asimilar
process is used, wherein the disturbances are tuned and
synchronizedtothose present at thetransmitting end so that at
thereceiving endtoothetip of thecablecontinuously vibrates
creating the impression of continuous motion picture. The
proposed principle was verified for preliminary results and
analyzed through aprototype devel oped by us. Amplification
and re-generation of the transmitted optical signalsisagreat
challenge when considering longer distances. Under such
circumstancesrepeatersor preamplifierswould be necessary.

I11. DESIGN OF SYNCHRONIZED VIBRATION
GENERATOR

The implementation of the vibration unit required that the
synchronized signals be generated through an 8051

microcontroller interfacedtoaDAC08008hit Digital to Analog
converter controller. Theanal og signal sgenerated weresawtooth
signalsof frequencies50Hz and 15.625kHz. Thesesignalswere
boosted by an audio class amplifier to 10 Vp-p to drive the
piezoelectric transducer. We implemented an LM386 audio
amplifier of 20dB gainfor signal amplification. Theratingsof the
piezo elementsused (from Piezosystem Jena) was 10V p-p, 6mA.
Fig 3 showstheschematic of thecircuit used. For generatingthe
vibrations in the two orthogonal directions, vertical and
horizontal, two piezo transducers of samerating were used.
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Fig. 3: The circuitimplementation of the synchronized vibration
generator.

Thetwovibrating elementsweremounted at perpendicul ar
orientations in order to give the required motion of the optic
fibre probe. A multimode 1000 um diameter glass fibre was
incorporated inthestructurefor the purpose.

V. RESULT AND DISCUSSION

Real-time data scanning and transmission has been realized
through controlled and synchronized vibrationsof thefreeend
of anopticfibrecable. Theframeratewas25fps. Thepreliminary
test for the verification of the principle has been summarized.
Thetransmitted optical information must be processed at the
receiving end, as shown in Fig 4, for synthesizing the picture
information containedinthesignals. Therearemultiplewaysin
which this can be done. For testing the design parameters an
exampleimage source having three basic coloursred, blueand
yellow wastransmitted. TheimageisshowninFig. 5.

The free end of the transmitting end was vibrated
synchronously as explained in the previous sections. At the
receiving end, the motion of the free end of the receiving end
was captured using adigital camcorder and the entire motion
history of thefreeend thusobtainedwassplit upintoindividual
frames, asshowninFig. 5, using thesoftware Studio M anager™
from the company DVDVideoSoft [7].
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Fig. 4 : The receiving unitfor signal refinement and image
processing.
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Theframeswereanalyzed at every instant for judging the
position of the portion of the image being transmitted and
obtaining the required colour information for further signal
processing. Thecontinuum of theframeswasanalyzedfor parity
between theimagetransmitted and that obtained at thereceiving
end. Strong parity confirmed our capability of real-timecapturing
of the optical information at the receiving end. The resultant
imageismagnified by aprojectinglenscombinationonascreen.

For closer analysis the continuous video was split into
individual framesasshowninFig. 5. Asweanalyzedtheindividual
frames we notice that at every instant the colour information
receivedisinsynchronisation withthat of thetransmittedimage.
We also notice that the free end of the fibre does undergo
vibrationsinthetwo planesx andy. Themaximum displacement
obtainedinthetwodomainswas2 mmand4 mmrespectively. All
through the consecutive frames it was seen that the formed
image nearly agreeswith thetransmitted version.

If theorigina imageisanalyzed pixel by pixel and compared
withthereceived versionit can beseenthat col our information
is reproduced to a reasonable degree. The accuracy can be
improved by shielding the system from external vibrationsand
fromtheinterferenceduetothenatural vibration frequenciesof
thestructure.

@

Fig.5: Thetransmitted image and the successive colour frames of
the entire motion pattern.

V. CONCLUSION

Preliminary resultsof thetuned vibrationimageacquisitionand
real-time datatransmission system aregiven. Theresultswere
obtained by incorporating 21000 um multimodeopticfibreina
dual modesynchronizedvibrating system. Wehaveverifiedthe
proposed principleusing asimpleapproach. Theimageacquired
in this principle can be further processed to reduce error. The
approachisrather basic and comparatively Thesimplicity liesin
the concept itself and the fact that no expensive solid state
devices have been employed. When considering the
miniaturization of the proposed architecture, MOEM S (micro-
opto-electromechanical systems) level fabrication must be
consideredfor embedding thefibrewithinapiezo-electriccrystal
assembly capable of undergoing dual mode vibration as
elucidated in the principle. The scanned information could be
stored asel ectrical signalsthrough required associated circuitry
whichcanbeeasily scaled downtofeasiblelimits. Theseareas
areyettobedealt with, for realization of proposed design at ultra
small dimensions.
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