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Obnacty NpUMeHeHUs! TEXHOIOT N

3D-pekoHCTpYyKL MK

Puc. 1: MNMpumep npumeHerus Texnonoruu 3D-pekoHcTpykLmn
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Obnacty NpUMeHeHUs! TEXHOIOT N

3D-pekoHCTpYyKL MK

Puc. 2: icnonb3oBaHme pekoHCTpyKLMM B NPOW3BOACTEBE, AN
6eCKOHTaKTHOrO onpefeneHns 4eeKTOB U B NOFUCTUKE
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alexey.a.mikh@gmail.com

CyuwecTsytowime TexHonoruy 3D-pekoHCTpyKLUnUY

CkaHupytowme nasepHbie MeToabl onTuyeckoii
AaNbHOMEPSI TPUAHTyNALUN
AkTuBHOE CTepeoBMgeHMe MaccueHoe cTepeoBuaeHune

Muxaiinuyenko A.A.alexey.a.mikh@gmail.com AstomaTuyeckas 3D-pekoHcTpykuus
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[locTaHOBKa 3aga4n

[NMpaBblii CHUMOK

a) b)

Puc. 3: PesynbTaT pekoHcTpykunn. Bug c paznudnbix pakypcos:
ceepxy (a), u3 nosuunu kamepsi (b)
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JnunoisipHas reoMeTpus

.

Puc. 4: SnunonspHas nnockocTb
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KoppekTupoBka cTepeonapbi

—

s S

| | aml
RS

NcxopgHas ctepeonapa

— z

T

| A
—

OTkoppekTnpoBaHHasi cTepeonapa

OpenCV: stereoRectify(..)
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Пишущая машинка
OpenCV: stereoRectify(..)
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[MpeaBapuTenbHblii 5Tan. Kanubposka kamepsi

HaiigeHHble Ha aTKx VI306pa)KeHVI$|X XapPaKTEPHbIE DNEMEHTHI
wabnoHa OpenCV: calibrateCamera(..)
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Пишущая машинка
OpenCV: calibrateCamera(..)
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ANropnTMbl NOCTPOEHUS KapTbl CMeLLeH N

>
offsets

TNesan kamepa Mpasas kavepa
v

[ W]

Mj mmm

Puc. 5: Obuwas naes anropuTMoB nomcka COOTBETCTBMS

@ Jlokanbhble (StereoBM, SGBM)
@ [nobanbHble

e Llenn Mapkoga

° rpacbosble Moaen OpenCV: StereoBM, StereoSGBM
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OpenCV: StereoBM, StereoSGBM
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[TpuMepbl KapT cMeLleHms

Puc. 6: Mpumepbl paboTbl pasAnYHbIX aNropuTMOB NOAYHEHNSA
KapTbl CMELLLeH N
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[TocTpoeHme KapTbl rAyouUHbI

Puc. 7: CkoppekTupoBaHHas cTepeonapa n COOTBETCTBYHOLWAA €if
KapTa cmewenuii (disparity map)

XY ZW]" =Qx|[xy disp(x,y) 1]" (1)

OpenCV: reprojectimageTo3D(..)
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OpenCV: reprojectImageTo3D(..)
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Pe3ynbTaT CcTepeo-pekoHCTPYKLMK

JleBbiii cHumok ~ KapTa cmelueHmii Pesynetar
PEKOHCTPYKLUN

JNeBblii chumok  KapTa cmelyeHmii PesynbraT
PEKOHCTPYKLN
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PeFVICTpaLI,VISI HECKOJIbKNX 0DNIaKOB TOYEK

Point Cloud Library:
pcl::lterativeClosestPointNonLinear()
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Pesynbtat pernctpaunn napbi 0bsakoB ToYek
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Ewe ognH npumep peructpayunm

nxaiinnyenko A.A.ale a.mikh@gmail.com €KOHCTPYKLMSI TPEXMEPHOU CueHbl No ABYM choTorpacusim
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[TonesHble cCbIIKM

@ The KITTI Vision Benchmark Suite

http://www.cvlibs.net/datasets/kitti/eval stereo flow.php?benchmark=stereo

@ Point Clouds Library

http://pointclouds.org/

@ OpenCV, moayns calib3d

http://docs.opencv.org/modules/calib3d/doc/calib3d.html

@ insight3d

http:/ /insight3d.sourceforge.net/

nxaiinuyernko A.A.alexey.a.mikhQgmail.com PeKoHCTpyKLUS TPEXMEPHOIA cueHbl no AByM cdoTorpacuam
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MeTofbl ONTUYECKOI TPUaHTyNALNN

Buaeokamepa

NazepHeIi
nyy

Bpawarowasaca
nnarcgpopma

M nxaiinuyernko A.A.alexey.a.mikhQgmail.com 3D-pekoHCTpyKUUs 06bEKTOB
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[TpuMep OTK/IOHEHMS Ny4ya

nxaiinnyenko A.A.alexey
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3afla4ya [eTEeKTUPOBAHNS 1a3epHOro Jlyya B BUAE

JIMHNN HA N30bparkeHunu

Puc. 8: Mpumep n3obpakeHns ¢ nasepHbIM Ny4OM B BUAE JIMHWN 1
JeTeKTUpOBaHWe 3TOro ayya
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PesynbTaT AeiicTBMA onepaTtopa nojaBeHus

rpaHuny

d

Puc. 9: Mpumep getekTnpoBaHus nyva 6e3 ncnonb30BaHus
onepaTopa nogassieHns rpaHuy (BBEpXy) U C Ero MCMONb30BAHNEM

(BHU3Y)
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OnepaTop nogaBieHns rpaHuL

C1

Cc2
a) a ~ o
o e c:z:
b) a1 # o

Puc. 10: MNpumep wabnoHos rpanuy obpasa nasepHoro ayya (a) un
rpaHuubl obbekTa (b)

R = e~ la—<l (2)
Bupa onepaTtopa nogasneHus rpaHuy,
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AKTUBHbIE KOHTYpbI

Current Snake

’Time t):

New Snake
(Time t+1):

Movement:
—_—

Edge:

Puc. 11: Obwas cxema
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Mogenb aBontoLn KpUBOIA

vii\ e Viar

Puc. 12: XKagHblii anropuTM MAHUMUN3ALAN SHEPTUM KOHTYpa

E(V) = aEimg + BEgrad +vE« + 5Ey + nEgist — min (3)

Mpeanaraemblii pyHKLNOHAN SHEPrN KPUBOT
J— J— n
v={vi=(x,y)}
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E img Egrad

c)
Puc. 13: NcxopHoe B oTTeHkax ceporo (a), Ejmg — komnoHenTa H
copmata HSV (b) u Egrag ()

Eimg(Xia)/i) =1- I(thi):a - _1-257 (4)

Egrad(xiayi) = |VI(Xi7)/i)|a6 = —0.4. (5)
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Puc. 14: E, v E,

k|
2r+1

EX(Xi+k>yi+j): 7_r§k?j§r77:0'47

Ey(x,-+k,y,-—|—j):%_ij_1,—r§ kj<rd=031
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Eaist(Vig) = |Vie1 — vij| + [vig1r — vl (6)

Vij = (Xi + k>yi +J)7n = 0057

T.€. Vij - NOTEHUMNANBHOE NMNONIOXKEHNE BEPLUNHBI V;
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BxogHble gaHHble

a) b)
Puc. 15: BxogHoe uzobpaxeHue (a) 1 HavanbHOE NONOXKEHUE
kpusoii (b)
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[Tpumep 3BontOLMM

Puc. 16: lMosTanHblli pe3ynbTaT «3BOMOLUUY KPUBOIA
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3afla4ya JETEKTUPOBAHNSA TOYEYHOI Nla3epHOI

NOACBETKW Ha I/I306pa>KeHI/II/I

Puc. 17: Tprnmep To4euHO NOACBETKM 1 BO3MOXHbIE TPAaeKTOPUN
OBUKEHUNS TOYEK
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HanBHbIA anroputm

a) b) c) d)

Puc. 18: R-komnoneHTa usobpaxerus (a), bunapusauus (b),
pasmeTka HalifieHHbIX nsiTeH (C) M UTOroBbIN pesynbTaTt
aetektuposanus (d)
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PasHocTb ABYyX rayccmaHoB
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Puc. 19: Difference of Gaussians (DoG)
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Jlannacmuah rayccumaHa

Puc. 20: Laplacian of Gaussian (LoG)
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JbdekT oT HopManu3aumm maclitaba

OPM[:::':;::HBM OTKNKWK HEeHopManu3oBaHHoro JlannacuaHa

20 2| 2|

VaV, o~

o
0= 1000

.“! i B f\l‘ { 20 \ /\ =

| \ IR A o '\I‘ / o
h{_\l | ,‘f\‘. J \ )" \ |
| | = A/ -0 f -a0)

Puc. 21: Tpumep geiicTBus HopMann3aumy Ha OTKAMK JlanaacuaHa

KluxaiinuueHko A.A.alexey.a.mikhQgmail.com

[eTekTupoBaHue na3epHOro ny4a B BUAE TOHKU


alexey.a.mikh@gmail.com

HopmanunsoBaHHbIA flanfiacnan rayccmaHa

Puc. 22: HopmanusosaHHblii LoG
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dbdekTrnBHas peannsayus

L=0"(Go(x.,0)+G,,(x.5,0)) - ﬂ m
(Laplacian)

DoG = G(xs y9ka) = G(xsys O')
(Difference of Gaussians)

— Laplasian
— DG

Puc. 23: Annpokcnmaunsa LoG u DoG
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[Tpumep pabotsl anroputma DoG

Puc. 24: Mpumenenne anroputma DoG Kk ncxogHomy n30bparkeHunto

D
mxaﬁnmqeuxo A.A.alexey.a.mikhQgmail.com [eTekTpoBaHMe Na3epHOro y4a B BUAE TOYKMU
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[ToHsiTne poHa

Puc. 25: ®oH kak HEOAHO3HAYHOE NOHSATNE

mxaﬁnmqeuxo A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa



alexey.a.mikh@gmail.com

[Moaxonbl K onpeaeneHnto dpoHa

@ lcnonbzoBanme ganHbix o rnybuHe (cTepeokamepi,
Kinect)

Puc. 26: Onpeaenerue raybuHbl C MOMOLWbLIO CTEPEOBNLEHMS

@ 3anomuHaHue KapTuHKn oHa, 3aTeM HYXXHO JNLLb
ONpeaennTb pasHULYy MEXJY BXOAHbIM N30DpaXkeHnem u
3aMNOMHEHHbBIM
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ApanTusHoe oby4eHne

const float k = 0.01;
back = (1 - k) * back + k * current frame;

Puc. 27: Vcpeanenune nocnegiux N kagpos

Puc. 28: Mpumep ycpenHeHus

mxaﬁnmqeuxo A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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OnTnyecknii noTok

RN~
K\QgQ;:WW@
SRR

Puc. 29: lpumep onTnyeckoro notoka Ans napsl
NOCNeAOBATENbHbIX KagpOB

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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OnTnyecknii noTok

Puc. 30: Ewe oguH npumep BU3yannsaumm ONTUHECKOrO NOTOKA
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MeTO,D,bI BbIHNCJIEHUNA ONTUHECKOIO NOTOKA

@ bnoyHble MeToakl
o [lndbdbepeHumanbHelie meToabl

@ Ha ocHoBe guckpeTHoli onTuMmn3auun
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MeTop Jlykaca-KaHnage

I(x,y,t) = I(x+ ux,y + uy, t + dt) (7)
ol ol 0ol
a—FUy@-i-a t
I(x+ ue,y +uy, t+dt)=1I(x,y,t)=

I(x+ux, y+uy,, t+dt) = I(x,y, t)+ux

Ol(x,y,t) dl(x,y,t) N Ol(x,y,t)

u +u =0 9
o Ox Y Qy ot %)
Bz uy) = 3 gliri. ;) [‘xr r?f(;f-f:)j:;}.,n cu 0;(;:;,:,}.;) . f);(;f-f;ryj,;) 2
ey ' " '
E(uyx, u,) — min (10)

Ux, Uy

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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HepoctaTtkn metoma Jlykaca-Kanage

Puc. 31: Aperture problem

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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VnydlleHne meToaa

OpenCV:
buildOpticalFlowPyramid(..)
calcOpticalFlowPyrLK(..)

Puc. 32: Nicnonb3osanue multi-scaling’a

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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Пишущая машинка
OpenCV:
buildOpticalFlowPyramid(..)
calcOpticalFlowPyrLK(..)
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OTcnexxnpaHne obbekTa

c)
Puc. 33: Mpumep doHa (a), pesynsTaT BolYNTaHUA PoHA 13

HeKOTOpOro usobpaxkeHunsi ¢ noporosbiM pasgenednem (b) un
npumMeHeHne MopdonornHecknx onepauuii ()

OpenCV: erode(..), dilate(..)

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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OpenCV: erode(..), dilate(..)
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OTcnexuBanue obbekra (2)

a) b)
Puc. 34: OTtbpacbiBaHne pe3ynbTaToB 0OHApPY>KeHUs! BHE 30HBbI
Habstogerns (a) n mapkupoeka obbektos (b)

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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MeTO,D, AETEKTUNPOBAHNE KNHKOHYEBBIX TOYEK

AnbTepHaTtuBa u3 OpenCV:
goodFeaturesToTrack(..)

Puc. 35: MaTpunua lecce nsobparkerus

Zei = ljei (i:1,2)
Puc. 36: Townck cobcTBeHHbIX 3HaYeHUi MaTpULb

min(?tl, 7\.2) = }\'Thrcshold

Puc. 37: OTbop cobcTBeHHbIX 3HAYEHNT MO 3agaHHOMY
nopory

40
nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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Пишущая машинка
Альтернатива из OpenCV:
goodFeaturesToTrack(..)

Alexey
Пишущая машинка
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KntoyeBble TOYKN

Puc. 38: OBbHapy»eHHbIE C NOMOLLbIO FECCUAHA KHOYEBblE TOUKM
(a) » pasgeneHne KKOYEBLIX TOYEK MO COOTBETCTBYHOLLNM
obwektam (b)

nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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OnpeneneHune ckopocTn 0bbEKTa

Puc. 39: OnpegeneHue HanpaBnaeHns n BENNYMHbLI CABUATa
KJOYEBbIX TOYEK C NOMOLLbIO ONTUYECKOrO NOTOKA

1 n
AN 11
v n?_lv (11)

Ap;
Vi—= —, (12)
At
rae v — MIHOBEHHAs CKOPOCTb 0OBbeKTa, V; — MrHOBEHHas
cKkOpoCTb, Ap; — casur i-it kKnto4esoii Toukn, At — pa3HOCTb No
BPEMEHU MEXAY ABYMS Kagpamm
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[TonesHble cCbIIKM

@ Jim lvins, John Porrill, «Everything You Always Wanted
To Know About Snakes (but were afraid to ask», AIVRU
Technical Memo #86, July 1993

http://www.pagines.mal.upc.edu/~toni/files/SnakesAivru86c.pdf

@ Chenyang Xu, Dzung L. Pham, Jerry L. Prince, «Image
Segmentation Using Deformable Modelsy,

http://ee.sharif.edu/

http://ee.sharif.edu/~miap/Files/SegmentationUsingDeformableModel pdf

M nxaiinuyernko A.A.alexey.a.mikhQgmail.com OnpepeneHne ckopocTn o6bekTa
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[TonesHble cCbIIKM

@ H. J. Fan, L. P. Zhao, S. Y. He, Y. D. Tang, «A New Open
Curve Detection Algorithm for Extracting the Laser Lines on
the Roady, Advanced Engineering Forum, Vols. 2-3, pp.
205-210, Dec. 2011
http:/ /www.scientific.net/AEF.2-3.205

@ R. 1. R. Garcia, D. Shu, «Vision based Vehicle Tracking using
a high angle cameray, http://www.ces.clemson.edu/

http://www.ces.clemson.edu/~stb/ece847 /projects/VISION _BASED _VEHICLE_TRACKING. pdf

@ S. Dogan, M. S. Temiz, S. Kulur, «Real Time Speed
Estimation of Moving Vehicles from Side View Images from an
Uncalibrated Video Camera», Sensors (Basel). 2010; 10(5):
4805-4824

http: //www.mdpi.com/1424-8220/10/5/4805
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[TonesHble cCbIIKM

e H. J. Fan, L. P. Zhao, S. Y. He, Y. D. Tang, «A New
Open Curve Detection Algorithm for Extracting the Laser
Lines on the Road», Advanced Engineering Forum, Vols.
2-3, pp. 205-210, Dec. 2011
http:/ /www.scientific.net/AEF.2-3.205

@ OpenCV, mogynb video

http://docs.opencv.org/2.4.5/modules/video/doc/motion _analysis_and_ object _ tracking.html

o cv::buildOpticalFlowPyramid(..)
o cv::calcOpticalFlowPyrLK(..)
o cv::BackgroundSubtractorMOG2(..)
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