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Dual shooting and evaluation of high-speed phenomena

doc.Drlng Vladimir Patd, doclng. Miroslav Matias, CSc?,Ing. David Matias, PhD,
Ing. Michal Stangk, Ph.fy Ing. Aleksandra Svtseva

!Ingtitute of Production Engneering FT UTB, Nad Sranémi 4511, 762 72 Zlin, Czech Republic,
tel: 00420676035203 pata@ft.uth.cz
?|nstitute of Praduction Engneering FT UTB, Nad Stranémi 4511, 762 72 Zlin, Czech Requblic,
tel: 0042067603 5166, manas@ft.utb.cz
®Institute of Praduction Engneering FT UTB, Nad Stranémi 4511, 762 72 Zlin, Czech Requblic,
tel: 00420576035172, dmanas@ft.ub.cz
*Ingtitute of Production Engneering FT UTB, Nad Stranémi 4511, 762 72 Zlin, Czch Requblic,
tel: 0042057 603 5153, stanek@ft.ub.cz
® |nstitute of Production Machines, stems ad Robdics, FS VUT, Techrick& 2896/2616 69Brno, Czech
Republic, ysivtsO@4gud.fme.vibr.cz

Abstract-The article descibes the problem of dud shooting and evaludion of high-speed time varying
pheromena using high-sped camera systams. It describes necesary stepsfor the preparation of shoating ard
how to setup the electonic shuter and alsofocuses on the procesesof calibration and final evaluation of the
high-speed phenomena. Dual shooting of high-speedphermomenra is very modern while still remaining quite an
unexplored field ard is at present subject of a reseach at the Institute of Production Engineeing UTB in Zlin.
The published procesgs particularly for the Chip-Chunk test are brarnd new and at currertly being patented in
the Czech republic.

I. Introduction to the problem of dual shooting of high-speed phenomena

High-speed camera systans (hereafer referred to as HSC) are well-known not only for the scientific
community but also for people from the technical field. Their use hasat present been extended from special
applications in the military andauomobile industry to the mmmon tednical practice.

The requirements to improve production process lower costs and incresse safay are continuoudy
growing andHSC hasa lot to offer in this reped. Using the high recading frequermy they enableto examine
the given phenomenon st the imagein a sd moment and thenexamineit aswell asdetecing the problematic
sections.

If we wart to do this all, we first needto define the concept “speed, high-speed pheromena’. They are
such pheromena for the recading of which it is neessary to usethe recading frequency ranging from 100 Hz
to 1000 000 Hz. We alsonea to specify the type of phenomena. In pradice they are peiiodic, aperiodic and
stochestic pheromena, forwhich it is necesary to deteminethe time andliength of shoating.

Next, we have to consider thetype of a HSC. At presert thereis a number of producers of HSC, which,
however, have different corfigurations. It is also worth nating that the market has recently introduced digital
cameraswith higherspeed of recoiding. The recording speedsrarge up to 100 Hz, which erableto make only
very basic evaluations. In the caseof professiond devices we can distinguish between two basic types It is a
compact type, with a display and most control elementsare integated in the HSC and nex, a modular type
consiging of a numbea of modules and peripherals enabling the user to make a recording and evaluation
accading to the given requiremerts. The compactsystems are more ecoromical, but they arevery easy in terms
of their operaton, seting and evaluation. The modular systems can be aduged exacty to our requirements with
theaid of connectalde peripheals and methods of shooting but the setting andeval uation are rather complicated,
the mice very high.

When shating with the HSC there are often problems with an insufficient angle of view, which is
needed to capture the phenomena. Common lenses working at angles up to 60° are often not capdle to captue
the scene shot, on the contrary, the wide-angle lens and speciallens, such as Fish Eye, which hawe the angle of
view over 180° can capure the scenebut with a subsequent image distortion. Hence, there are two high-speed
camera systems usedin practce which shoot the parallel pheromera. The two high-speedcamera systems are
usedfor parallel shooting of phenamena, which would be difficult or impossible to repeat, with lenseswith the
angks of view up to60°.

Thereault of such shooting of oneor more phenomenausing a set of two camera systems aretwo films
of the same pheromenon, or pheromena from different angles of view acarding to the position of lenses of the
cameras.
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The disadvartage is that so far no method has been develged thatwould combine theseseparatdilms,
giving a more complex ideaabaut the phenomeron proces®d. This combination can only be made subjectively
in the minds of the viewers watching the films but it is clea that this way of putting images of the two films
together may not be preciseand sufficiently predicabe. Sofar this proces has nat beenobjecivized

I1. Visualization of the time varying phenomena

This deficiency of the presen stateof technology canbe made up by a metod of visualization of the
time varying pheromena.The principle d this method is that the imagescreaed by shoding a fnenomena with
asd of two camer g/stams a one canera g/stam from two shoding positions (in suchaway that the ais ofthe
lenses placed in the shooting pasitions are in anangle ranging from 90° to 180° seeFigure 1. ard Figure2.) are
put together at a given time into one dual image according to a chamderistic trait of the image, such asa
chamderistic pant, edge o argle.

Shot scane

Figure 1 Configuraion of high-speed canera systenswith the axis of lenses 90

Using the two camerasystems placed so the axesof the lenses form an angle ranging from 90° to 180°,
seeFigure3, it is possble to shoot more pheromenaindependertly in processon the scene being shot, and then
eachof the stot phenomena ae made into a snge film consisting of dual images.

Shot scane

Figure 2 Configurationof high-speed canera systemswith the axis of lenses 18°

High-speed camera system or systams can be usedto capure the phenomeron, or phenamena,
espeially camera g/stem or sygems with the agle of view up to 6.

Figure 3 Configuration of high-speed carerasystemswith the axes of lensesover 90° ard below 180°
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I11. Practical method of visualization

The example of a practical method of visualization of time varying pheromena is shooting a
pheromenon, which takes place during the weartest of rubber materials (referred to as Chip -Chunk teg), see
Figure 4 during which a rubber sanple of cylindrical shag is penetrded by a pointed tool with defined
geometry, see Figure 5.

High-speed camera system 1 S - o -
et ade Axes of lenses 90°

/ - & g w 2
Light saurce
Cente

High-speed camera system 2
Right side

Figure 4.Pracical configuration of high-speed camera ystems with axes of enses 98

A dualimage canbe createdvery fastand erablesto immediately detectdifferert behaviour of the left
andright edges of the sample at the momentof penetration of the test tool, depth of the peretration of the tool
inside the sample, speed of revolution of the sample, size and spead of the chipped parts of the rubber teg
sample, speedof the ceramic tool, etc. (vhich is one d the main requrements in practice), see Hgure 6

Right side Left side
Ceramic tool

Ceramic tool

Figure 5.Right ard left photo obtained from high-speed camera systams
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Left edge d the sample Right edge of the sanple

Figure 6. Final dual image
V. Conclusion
Dual images give us a very preciseidea of the limit positions at different time intervals ard if the
images are arrangedin a given time seqienceit is possble to demonstratea visualized dual phenomenon as a
filmedscere.
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