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Abstract

The dissertation deals with the probkeof stereoscopic depth estimation and coding in
multiview video systems which are vital for development othe next generation

threedimensionatelevision

The depth estimation algorithrkeown from literaturealong with theoretical foundations
are discussedThe problem ofestimation ofdepth maps with high quality, expressed by
means of accuracy, precision atemporal consistary, has been statedNext, original

solutionshave beemproposed

Author has propose@ novel, theoretically founded approach to depth estimatidrich
employsMaximum A posteriori Probabilitf{MAP) rule for modeling of the cost function
used in optimization algorithmdhe proposahas been presented along wéthmethod for
estimation of parameters of such model order to attain that, aanalysis ofthe noise
existing in multiview videanda study ofinter-view correlation of corrggonding samples of

pictureshave been done

Also, a novel technique for precisi@and accuracgnhancemenf estimated depth maps
is proposed. The technique employs ariginal Mid-Level Hypothesis algorithm which

refines depth map ipostprocessing.

Yet another independentachievement of the disseitai is a novel technique for
estimation of temporally consistent depth meyith use of noise remov#éiom video prior to

the depth estimation itself

In the dissertation, Iso, depth coding techniques are discussed.a background of
techniques known fia theliterature, he problem of depth representatgntable forcoding
using legacycompressiontechnology is stated. Authaosf the dissertation has proposed
a novelmethod ofrepresentatiorof the depth, whichemploys nodinear transformation,

which can be useth order toincrease of compression performance in depth map coding.

The proposed notinear depth representatidras beeracceptedy internationalgroup of
experts (MPEG)and adopted to new 3D extensions of ISO/IEC 1449610 and
ITU Rec.H.264 international video coding standards describing new generation of 3D

video coding technolags, knownundernames ofiMvVC+D0 andfiAVC-3Do.

3of 241



Olgierd StankiewicdStereoscopic depth map estimation and coding technigues for multivideo systems

All of the proposed algorithm$iave beenmplemented and their performance has been
verified experimentally The obtained resulthave beempresented in the dissertation.

The following theses have beerformulated and proven:

T1) Depth estimation can be improved by usage of modeling of the cost function based on

maximization of a posteriori probability.

T2) Precigon and accuracy of estimated depth maps can be improved #pnpasssing with

iterative insertion of intermediate values, controllisthgview synthesis

T3) Temporal consistency of estimated depths can be impnasieg noise removal from

input multiview video.

T4) Nonlinear representation of depth can émployedin orderto improve compression

efficiency of depth maps in 3D video systems.

Additional achievementot related directly to the theses pe¢sented in the dissertation is
aut hor 6 s topraduction bfumultiview video sequences that are currently broadly
used for test purposéy international research teanadso inresearch done in the context of

standardization iIMPEG and JCA3V expertgroups.

In the dissertation, alsshownisaut hor 6 s p thedevelopmenadd BDowdeoi n
codec,prepared aChair of Multimedia Telecommunication and Microelectroro€$?oznan
University of TechnologyThe codec has been submited a proposal for ACall
for 3D Video Coding TechnodroumWheéexcellend tesults by | SO,
achievedby the proposed codeare shown on the background of exemplary proposals

resulting from works of competitive research cemtarthe world.
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List of terms, symbols and abbreviations

2D
3D
3D-ATM

3DTV
AVC

AVC-3D

BIM

CfP

DERS

DIBR
DSIS
00
EHP

FTV
GC
00
HMM
HP

JCT-3V

HEVC

Two-Dimensional
ThreeDimensional

AVC based 3DrestModeli a reference software developed by MPEG implemer
3D extenstions to AVC (MVC+D and AV:3D)

ThreeDimensional Television

Advanced Video Codingechnology described itf8O/IEC 1449610:2013[11] and
ITU Rec.H.264 international coding standards

Common name of A AVplusdceopnipha te xbtl een svii odnec
technology[117][11§[119 thatis expected tde described in Annex J of ISO/IE
1449610:2012 and ITWRec H.264 video coding standard

Bj Bnt e g ap27df congoressionc performance

Belief propagation algorithm

"Call for Proposals on[3 Video Coding Technology" issued by MPEG gr¢ug9
Disparity, distance (in pixels) between positions of given pointsitindt views
Minimal disparity

Maximal disparity

Quantization step of given disparity representation (minimal step between e
consecutive disparity values), expressed as a multiple of the spatial sampling pt
matched imags

Normalized dsparity, i.e. disparityQscaledo ranger8

Maximal normalized disparity value for given representation.g. 255 for &it
representation.

Depth Estimation Reference Softwdi2q, the stateof-the-art reference softwar
developed by MPEG

DepthimageBased Rendering
Double Stimulus Impairment Scale, subjective evaluation mdttf
Expectedvalue operator

Extended High Profile, a configuration profile of 3'M software[12( reflecting
AVC-3D video coding technology

Freeview Television
Graphcuts algorithm
Histogram operator
Hidden Markov Model

High Profile, a configuration profile d3D-ATM software[12Q reflecting MVC+D
video coding technology

ITU-T/ISO/IEC Joint Collaborative Team on 3D Video Coding Extens
Developmen

High Efficiency Video Codingtechnology described inSO/IEC 230082:2013
(MPEGH Part 2[12]] and ITURec.H.265international codingtandards

7 of 241



Olgierd StankiewicdStereoscopic depth map estimation and coding technigues for multivideo systems

MAP
MCNRR
MOS
MPEG

MRF
MVC

MVC+D

MVD
MV -HEVC

NDR
Pixel

Pixel
precision

PCC
PSNR
QP
SAD
SBNR
SEl

Smoothing
Coefficient

SSD
T

T
VCEG
VSRS

WTA

Maximum A posteriori Probability
Motion-Compensated Noise Reduction with Refinement technique
Mean Opinion Score

Moving Pictures Experts Group of International Standardization OrganizZa8a)
andInternationaElectrotechnical CommissigitEC)

Markov Random Field

Common name of AMul tiview Video Cod
[112[113 described in Annex H of ISO/IEC 1449®:2012 and TU Rec.H.264
video coding standard

Common name of AMVC Extension for |
technology [114][115[116 described i n Annex I
codingdo of -102012 and TWRacHLM &Fideo coding standard

Multiview Video plus Depth

Common name of AMul tiview HEVX23curreatly
being under standardization

Non-linear Depth Representation

A fragment of an image, characterized by its coordinates@@J)y.value (e.g. scala
luminance, or vector: red, green and blue) and size, which (in both dimensic
equal to thesampling period of the image in which given pixel is located

Level of the detail in which position in image can be expressed, related-toxki|
precision, which corresponds to a $engampling period in the image

PearsorCorrelation Coefficient, also linear correlation coefficient
Peak Signato-Noise Ratio

Quantization parameter for video

Sum of Absolute Differences

Still Background Noise Reduction technique

Supplemental Enhancement Information
A control parameter of Depth Estition Reference Software (DERS)

Sum of Squared Differences
Transformed, coded disparity
Maximum transformed, coded disparity
Video Coding Experts Group

View Synthesis Reference Software, a stdtthe-art reference software develop
by MPEG[124[125

WinnerTakesAll, a bruteforce depth estimation technique
Distance(a -value)from the view plane of the camera system to given point
The nearest considered distangev@lue) in the camera system

The furthest considered distan¢e-yalue) in the camera system
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Chapter 1. Introduction

1.1. The scope of thdissertation

Theredimensional (3D)video gains a lot of attention nowadays. Constantly there
progressn a wide variety of fields related to 3D: from the interest of the custoriemigh
the production ofcontent, theavailability of 3D-compatible hardwardo the technology that
lays underneatlfcoding and transmissionsolutions and standandsEven thoughthere are
some skeptic voices about the future of 301495, there are strong expectations
[144[14Q[147 that the market of 3D video will extend even further in the upcoming.years

Anyhow, currently merchandise®Do employs onlya purestereovisiori only two views
(left and right) are delivered in order to provide deptipression typically with use of
special glasses worn by the viewer

This work is related to a new generation of 3D video systems which would go beyond
the currently applied stereoscopicsolutions and their limitations.

The consideredeatures of thenext generation of3D video systems includgroviding
better impressions ofdepth, better reproduction of the 3D scenestructure andhigher level
of interaction with the user.

The exemplary applicationsof the next generation of3D video technologyare free
viewpointnavigationandglassesree 3D

In afree viewpoint navigation system(Fig. 1) the viewer canvirtually movethroughthe
scene andhteractively choose a point of observatigview). The selected view, as seen by a
virtual camera, is synthetically generated and provided to the user with a classical monoscopi
or stereoscopidlisplay. Television systems with such feature are often referred terees

viewpoint TeleVisionFTV).

Interactive selection of virtual camera position

Moving 5"4 ¥
3D scene ! .
Real cameras = A
! ! ! e Viewer
+

Multiview plus Depth (MVD)

Free viewpoint
navigation display

Fig. 1. Freeviewpoint navigation Depictedfvirtual camerais acamera that desnot
actually exisin the scendutits content is synthesizeéidom the contentof existing ones.

9of 241
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In a glassesfree 3D video system (Fig. 2) the depth sensation are providedthout
requiring the user to wear a special pair of glass@te dfect of threedimensional
impressionsis attained by usage afutostereoscop where multiple views are displayed
simultaneously. The user can slightly change the point of view, resulting in seeingndiffe
pair of views shown on the autostereoscopic displdith the currertly usedtechnology

changeof thepositionis limitedto horizontal parallawnly.

e DI
camera ’é
>
S
; £ |
(2}
o S
o Q .
Q © | Multiple views S Viewer
Real o : ~
_—> n—» o (real and virtual ones)
camera 5 o ; )
= a are displayed -
o o ' -
@ | simultaneously
= 9] 7
@) @ 7
> = e
=R
Moving 3D scene > Different pair\
Real __> =_, of views observed
camera depending on position
Fig.2.Glasses r ee 3D. Depicted Avirtual cameraso

in the scengbut their content is synthesized basing on the content from existing ones.

The recent works of research laboratories all around the world show that one of the most

importantaspectof the upcoming 3D video technologyasmethod for representation of

the 3D scengsuitable forefficient coding and transmissionf the 3D video The current
generation ofvideo codingtechnology broadly available[112[113[130[137], that is
applicable for 3D, empl®/scene represenitah by means ofmultiview video. In such, the
content of the3D scene is represented by a number of views, obsethimgscenerom
different angles and positions. Typically, those viewes coded antransmittedn simulcast

or with use of simple interview predictive schemes thainfortunately do not provide
satisfyng efficiency of compressionRecent works[2][7][76][148[149 on compression
efficiency for delivery of multiview video (e.gcomposed of22 views for an exemplary
modernautosteeoscopic displgyreport about asymptotical 30% bitrate reduction related to
simulcast videasThe resultant bitrate for all such vieuss far toohigh to be accepted by
neitherthe broadcastersor the market This stimulategjuestionto arise orhow to achieve a

better compression performance
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An alternative3D scene representation typghich recently has gained a lot of interest
among the researchef$][2][11][12][130[131][132[133[134], is Multiview Video plus
Depth (MVD). In the case of MVD, video streams from rntiple camera positionsre
transported alongwith corresponding information about the depth of the scene in a form of
depth maps which carry information about thre#imensional structuref the scene

Considered inthe dissertation depth maps are matricesof values reflecting distances
between the camera and points in the scéygically, depth mapsare presentedsgray-scale
video (Fig. 3), where he closewobjects are marked in high intensity (light) and the far objects
are marked in low intensity (darkjhe depth estimation and coding are thefundamental
problems in this work.

a) o b)
Fig. 3. The original view (a) and cosponding depth map (b) of a single frame of
fiPoznan Carp&n[85] 3D video test sequende. the depth maphe closer objects are
marked in high intensity (light) and the far objects are marked in low intensity (dark).

Usage of video and depth maipsMVD representatiols an ideaconsidered around the
world, because iprovides an ability to generate a synthetic view as seen by a virtual camera.
Such virtual camera can be placed in an arbitrary poggignimpossible in real worldor in
position ofanotherreal camera. The latter case can be used to predict contegivehaiew,
basing oncontent inotherviews[124[125[138[139. This feature is a ketechnique140
for new generation of 3D video framewonkhere MVD allows significant reduction of
number of views that are directly transported e.g. instead oR2 videos (required byan
exemplary modermautostereoscopic displapnly 3 videos with corresponding depth maps
are transported The content of theremaining (not transporte§l views can be then
reconstructed, at the decoder or in the display, basing on compact MVD representation.

This dissertation is related to transmission (or transport) of video bitstreams. Although, in
a common sense, these words refer to delivery done thuglecommunication channel

(e.g. cabldink, WiFi, terrestrial radio link etc,)the results of this work also apply to storage
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as well(a file on CD, DVD,Blu-ray, harddrive etc.) and thereforen sucha context these

words will be used.

The scientific problems related toMultiview Video plus Depth (MVD) instantiate

a general scope of thdissertation. Thoseare as follows:

1.

In MVD, additionally to the videp depth maps have to betransmitted in an

efficient way. Coding of depth maps differs from coding of natural scenes and for

now it has been found that usage of classical video coding is inefficient in that case.

This comesmainly from the two factsFirst, cepth maps arenatrices composed of
scalar values. Although depth mapften arerepresente@s videossuch videosare
gray-scale and lesstextured than naturabnes Secondly depth maps are more
vulnerable to degradation of the edges than natural imagesideos whee
importance of very sharp edges tprality of subjective sensations is only moderate.
Therefore, much work on development of degplecific coding tools is still required

which isone of the subjects of the dissertatiofseeChaptes 4 and 5)

High quality* depth maps are neededor production of the content aridr creation
of test sequenceslhere are many ways to attain depth maps all have some
problems. E. for natural sceneslepth mapsan be acquired withise ofa special
depthsensing camas Unfortunately usability of such deptlBensing cameras is
handicappedo indoor scenemostly, due to limited rangéoften only about5m) and
due tothe physical phenomena used (dlgmination ofinfra-red light)

A more general solution is dgorithmically estimate depth maps basing on images
from multiple views, e.g. from stereoscopic paitthoughmanysolutions are known,
still, algorithmic estimation of the depth is a demanding taskpbothwith respect to
the quality of the estimated ddptandcomputational complexityf the algorithms

which constitutes another subject of the dissertatiofsee Chapter§ and 7)

Temporal consistency of the depthis a subject which relates mainly to depth
estimation but also negatively impacts performaate¢he depth coding. Temporal
inconsistency of the deptimanifess typically as annoying flickering in the video
which is synthesized from the input video and the corresponding depth. maps
Improvement of temporal consistency of the estimated depghtignother goal of

the dissertation(more details on this iBubdapter2.6).

'Themeaning of o6qualityé of a depth map is considered further
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Thesolutions for theabovementioned issues will be studied in the dissertation in a context
of multiview 3D video systemdn this dissertationby a 3D video system is understdoyl
astructurepresented iffrig. 4.

Multiple cameras

Preprocessing ‘

Multiview video

Sfc?hpe Multiview +
8. et i video ‘ Depth estimation ‘
issertation plus Depth |
(MVD) * Depth
‘ Encoder ‘
l Bitstream
Decoder
Reconstucted multiview video Reconstructed depth
h 4 v

View synthesis

++ * A set of views

3D Display

Fig. 4. The scope of the workn@arkedin red dottedframe)
as apart of the whole 3D video system.

The firststage of processin@rig. 4) is acquisition of videsfrom multiple cameradn the
dissertation,no assumptions aboutthe number of cameras made, but it seems that in
practical casesnumber of cameramay vary arownd 3 to 10 [146. The content ofthe
acquiredvidecs is preprocessed which incomates image distortion removall5([15]]
rectification[152)[154] and color correctiofl54]. Then, basing on thpreprocessetidecs,
depth maps are estimated with use of depdpestimation algorithmThe next stepsi lossy
compression of the videos (together with the depth data) and codm@ binary stream
(bitstream),which is transported to the decoder. The decodeonstructs the videmlong
with the deptk andthenfeeds them tdhe view synthesis algorithnwhich generates a set of
views that are displayeaha 3D display.

The scope oflissertationwithin sucha 3D video systemcoversdepth estimation and

coding, which is markedhn Fig. 4, inside reddottedframe
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1.2. The goak and the theses of thedissertation

The goal of this work is to cope with the problems related to development of upcoming
generation of 3D videosystens. In particular Multi View plus Depth (MVD) scene
representation is considered. New proposalsiépth map estimation with stress on depth
quality, disparity precisionand accuracyand also temporal consistency will be presented.
For depth map coding a new proposafor depth representation and compression will be
presented

The thesesf thedissertatiorareas follows:

T1) Depth estimation can be improved by usagémodeing of the cost functionbasedon

maximizaion of a posteriori probability.

T2) Precision and accuracy of estimated depth maps can be improved inpgvosessing

with iterative insertion of intermediate values, controlleding view synthesis quality

T3) Temporal consistency of estimated depths can be improved using noise removal from

input multiview video

T4) Non-linear representation of depth can bemployedin order to improve compression

efficiency of depth maps in 3D video systems

The results fotheses T4T3 are shown in Chapter 3. The results for thesis T4 are shown

in Chapter 5.
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1.3. The overview of the dissertation

The dissertation is organized as follows.Chapter 1, an introduction to the subjecif
multiview and 3D video systems is providddie methodology that has been used during the
works on the dissertation is shown. A focus is given to the need of performing experimental
verification of the proposals. For that purpoggesented isa set of mliiview video
sequences, broadly used around the world as test material. A special highlight is ¢gneen to
authoro6s partici pat i aabroadly usedideodestsequencaes. of S

Chapter 2 presentscurrentachievements in area of depttimation with focus on the
subjects that are important for thissertatiorand further consideratisnin particular,global
methods are introduced with particular attention given to optimization funct@asd( 6 € i ©
and"Yi ©¢ i "Qoynhd thedr iprobabilistic inclinations, which are further subject of the
dissertation.

Chapter 3 describes researgberformedby the author irareaof depth estimation. First,
atheoretical modebased on Maximum A posteriori ProbabilisyconsideredThis modelis
then verified empiricallyith use of the test sequences andcbreclusionsare dravn. Basing
on the conclusions a novel approasidepth estimation is proposed.

Finally, two morenovel algorithmsfor depth estimation aneroposed The frst one Mid-
level Hypothesis algorithmis aimed atimprovement of precisiorand accuracyof the
estimated disparity maps The second one is aimedhprovement of depth temporal
consistencyvith use of noise reduction techniques

Each of tlese three achiementsis concludedwith evaluation of their performance and
theexperimentatesults.

In Chapter 4, depth coding techniques are discussed with focus on theddtéte art
directly related to the subjects considered in the dissertation.

Chapter 5 presents research that has been conducted by the author in area of deptt
representation and coding novelidea ofnonlinear depth rpresentation is presentedrdt
a proofof-conceptidea with use of a simple nelinear functionis presented Then an
original theoretical derivation for nordinear representation of depth is provided.
The proposed naolinear depth representation is highlighted as a tool for improvement of
compression performancExperimental verification andtudy ofcompatibility with existing
coding technology is presented. Finalgoptionof proposed noilineardepth representation
to internationalvideo coding technology standards developed by ISO/IEC MPEG damalp
recommendations of ITU$ highlighted

150f 241



Olgierd StankiewicdStereoscopic depth map estimation and coding technigues for multivideo systems

Chapter 6 presents acbvements of the authdhat are related tadhe development of
technology for3D video coding with use dhedepth.A 3D videocodecis presented thdtas
been developed bghair of Multimedia Telecommunication and Microelectroniesznan
University of Technology,as a proposal fofiCall for Proposals for 3D Video Coding
Technology [129 issued by 'SO/IECMPEG. The evaluation of the proposalsisown along
withast hor 6s share in the worKk.

In Chapter 7, summary anaonclusions of the dissertation are presented. The chapter lists

theoriginal results of the dissertation.

1.4. The methodologyof work

The goal of the dissertation is to study whether it is possiblenpoove efficiency in
coding of depth data and whether is it possibleitoprove the quality® of algorithmically
estimated depth mas.

In both of thkese problems theoretical evaluation of thgroposalsis nearly impossible,
because, in order to provide a fair evaluation, the proposed tools (for depth estimation of
depth coding) should bevaluatedalong with several other advanced tools, kndtem state
of-the-art solutionsand proposaléor depth estnhation of depth coding respectively).

Therefore, the only reliable way toevaluate advantages and disadvantages of the
proposalsis by performing series of experiments withmultiview video test sequences
Only suchallows empirical measurement obding eficiency andevaluation of theuality of
the estimated depthln order to do that, thauthor has implemented andtegratedthe
proposed techniquédsr depth estimation and codimgfo the followingsoftware packages

For the reasons clearly presentedChapter2 the algorithns implemented in ISO/IEC
MPEG Depth Estimation Reference Software (DERBand in View Synthesis Reference
Software (VSRS) have been used as reference for experimentation in area of depth estimation.
Therefore, aut hordés proposals haveefetercen 1| mpl e
software (DERS version 5.1126 and VSRS version 3.0124[125 respectively) and the
results have been compared against the original performance of unmodified versions of DERS
and VSRS.

In the secongbart of the dissertatiomelated todepth coding, the results are presented on
the bass of MVC+D [114[115[116§ and AVG3D [117[11§[119 video coding

technologies (not yet described in any standards when the works haveobeeisted and

2The meaning of o6qualityé of a depth map is considered further in Sub
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also onthe basis of HEVCGbased coding technologgo-developed by the authasubmitted

by Poznan University of Technologyt o t he A Cal | for Proposal
Technologyo [129 issued by MPEGTherefore, the tools proposed by the author have been
implemented in ISO/IEC MPEG test model softwar@D-ATM [12(Q (for MVC+D and
AVC-3D) andHTM [123 (for HEVC-based).

In both depth estimation and depth coditige mentioned software packages (e
original versions and wi t h integrated a L
thoughtful experimentation. The results allowth@ author to perfornexamination of the
performance of the proposals both by objective manners (like with us&f&N\R values or
Bj B nt emeasares) and subjective manners (subjective tesMaath Opinion Score
ratings).

Basing on that, the conclusion have been drawn whrovided directions for further

works.

1.5. Multiview videotest sequences

As mentioned irthe prevwous Section a reliableway to assess performance of algorithms
in the two fields related to the dissertation, whigk depth estimation and depth coding, is
performing seriesf experimentsvith multiview video sequences.

It is a general problemasreliable evaluation of performanas neededn researchworks
which relate toalgorithms and toolsurrently known, developed, or e.g. submitted as
proposals for adoption iimternationakcoding standard.here are two sides of this problem:

- What test datain form of test sequences or imagsikould be used to allow common

ground and reference foomparison3

- How to express and assess the quality of algorithmically generated depth maps?

In the area okvaluation ofdepth estimation algorithsnan interestng scientific undertaking

is related with webpage of Middlebury UniverdiydZ]. The site is a repository for computer
vision datasets and evaluations of related algoritiis®, the sitgoresent results of multiple
stateof-the-art depth estimation algorithms evaludteunder the same conditions.
Unfortunately, the methodology proposed by the authors can be found inadequate for
experimentation with multiview ang8D television:

First of all, the siteevaluats quality of the depth, basing on siithages,which disallows
observation of temporal effects and artifacts, which are very importacdsia of moving

pictures, considered in multiview aB® video system.
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Secondly, the methodology of evaluation of depth estimation algorithms used in the
webpage is based on comgan with grouneruth depth maps. Conformance with the real
depth, although important in case of many research fields (like computer vision, robotics etc.)
in not the primary goal inhe case of 3Dvideo systemswhere the depth maps are used
mainly for the sake of virtual view synthesis.

Moreover the datasets in Middlebury webpade not containobjects with specular
reflections, glossy surfacés.g. mirrors), partially transparent surfaces (windows) etc. Such
effects occur in real world natural scenes and lack of such examplégdiebury data set
belittles its usefulness.

Therefore, currently the most adequate known methodology of evaluatiomepth
estimation algorithms has been developeduring the works of ISO/IEC MPEG group.

The author of the dissertatioils an active contributor to this works. In particular, he
participated in creation of multiview video test sequences adopted to multiwce=o
sequences sgt29, currently,broadly used for test purposes kperimenton development

of 3D-related technologieg137][23€[237[238. This mentioned evaluation method
developed in works of MPEGusedas main objective assessment methtbarough the
dissertation will be described further in Subg®n 1.5.3 Before that, ifst, in Subsection
1.5.1, the production of multiview video sequences at Poznan University of Technology,
Chair of Multimedia Telecommunications and Microelectromidk be provided, in which

the author had strong participatidrater, selected multiview video test sequences set will be

shown in Subsection 1.5.2.

1.5.1. Production of the test materialat Poznan University of Technology

For research purposes and for production of multiviedeo test material,Char of
Multimedia Electronics and Telecommunicatiohas been builan experimental framework

for works on future 3D television.

Fig. 5. A set of 9 Canon XH51 cameras used in multiviesystemdeveloped at Poznan
University of TechnologyChair of Multimedia Telecommunicatioasd Microelectronics
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The system consists of 9 cinematic Canon-&H cameragFig. 5) placed on a mobile
(wheeled) metal rigFig. 6). The rig has been manufactured exclusively to provide special
mounting pads that allow precise alignment of the cameras. The output video signal is HDTV
(1920x1080) and is provided via SDI interface. All streams are temporally synchronized with

use of a&enLock and captured by PC cluster. The wholgostprocessing is done offline.

v

Fig. 6. Multi-camera rig (left) andecordingsystem(right), bothdeveloped
at Poznan University of Technology, Chair of Multimedia Telecommunications
and Microelectronics, Poland.

Fig. 7. Electronic board for muktamera synchronization testiflgft) and synchronization
circuitry connected to the cameras (right), both develep&bznan University
of Technology, Chair of Multimedia Telecommunications and Microelectronics, Poland.
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