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BBeaeHue
[TOCTaHOBKaA 3a4Q4u

Ka)xaast Touka NpoCTPaHCTBA NPU CbEMKE
NMPOELIMPYETCS Ha MIOCKOCTb Kaapa
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BBeaeHue
[TOCTaHOBKaA 3a4Q4u

3Has ABMXEHUEe KaMepbl, MOXXHO TOYHO
BOCCTAHOBUTb OTHOLLEHUE rNYOMHbI pa3HbIX
06BHEKTOB B CLUEHe
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[terative Depth Estimation
Camera motion estimation

GRAPHICS & MEDIA LAB
VIDEO GROUP

Rek)

R
= DOKyCHOe paccTosiHue Kamepsbl f. = 1 v

= Micnonb3yetca ynpolieHve
12-napaMeTpuyecKkon MOAENN: .

ap by ¢ |
R=|ap 22 €2 R = Rﬁ,aRg
a3 03 C3
_ t=(A,B,C)
t1 .
P R3 — noBopoT BOKpyr ocy k
R Ha yron f3
3 i3 Ry —noBopoT Ha yron «
BOKpYr ocu A, yron (i,A) = 6
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i [terative Depth Estimation

= [pynna u3 wectn napametpos (A, o, 3, A, B, C)
OZHO3HAYHO OMMUCHLIBAET ABMXKEHME KaMepbi

= Yepes 3T napaMeTpbl MOXXHO Bblpa3nTb
cMeLLeHne 610KoB n3o0bpaxxeHnu

v —rx~—-Cr+A—[y—ar(ycosd —xrsinf) + asind
Yy —y~—Cy+ B+ pxr —ay(ycosf — xrsind) — acosb
(X”,y"), (X,y) — KOOpANHATbI NMUKCENEN TOYKM
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[terative Depth Estimation
Npes

[epBbIK Kaap
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[terative Depth Estimation
Npes
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BTopown kaap
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[terative Depth Estimation
Npes

MICKa>XEHHbIN NepBbIK Kaap

CS MSU Graphics & Media Lab (Video Group) 10
www.compression.ru/video/


http://www.compression.ru/video/

[terative Depth Estimation
Npes

[epBbIK Kaap
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[terative Depth Estimation
Npes

Moaynu cMeLleHnn 610KoB Mexay McxoaHbliM U UCKa>XE€HHbIM KapaMu

CS MSU Graphics & Media Lab (Video Group) 12
www.compression.ru/video/


http://www.compression.ru/video/

i [terative Depth Estimation

= [1n9 BOCCTAHOBNEHUS rNYOUHbI CLIEHDI
npuMeHseTcsa belief propagation (100 utepauumn)

= MakCMMM3NpyeTca BepoOATHOCTb
Px)=P(X =x Y =y)

Yy = {f q. . ., 3 fl. f-g. fg}

f, g — Kagpbl

y — peanu3auus random field Y
X — rNybuHa cueHbl MO0 OTHOLWLEHUIO K Kaapy f
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i [terative Depth Estimation

P(x) x P(Y =y|X =x) P(X = x)

PY =ylX =x) = | v(x)
secV
V —MHO)ECTBO BCEX NMUKCENEN
X, — OTHOCUTENbHas rnybuHa B NUKCene s
w(X.) — BEPOATHOCTb onpeaeneHus rinybuHbl ans nukcens s
_1f(s)—a(sh)]
P(xs) = (1 —eg)e 72 + €9
s' = (2',y’) — KoopaAnHaTbl NUKcens (x,y) nocne npumMeHeHus
K HeMy npeobpasoBaHua {0, a. 3, t1.ta. t3}
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‘L [terative Depth Estimation

P(x) x P(Y =y|X =x) P(X = x)

P(X — X) — H wst(Xs:Xz‘,)
(s,t)eE
E — MHOXXeCTBO rpaHumu
w(Xs X)) — OTBEYAET 3a HEMpepbIBHOCTb rNYyOUHbI

119 cocenHmx nmkcenenm S u t

_ [xs —x¢ |

Vst (Xs,%1) = (1 —erp)e 71 +e
e, , o, = const
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[terative Depth Estimation
MeTopn YTOYHEHUS rNyOuHbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

= Maes — nonepeMeHHOo UCKaTb U YTOYHATb NapaMeTpbl
LBVMXXEHUS KaMepPbl U KapTy r1yobuHbl

= [nybuHa cueHbl genutcd Ha H ypoBHen A = [ UL U---Ulg

= Ha kaxaoM ware i:

= [na kaxzaon /;, cuntaeTcs cMelleHune ¢ rnybuHon X,
= [ns kaxgon [, cuntaerca Bec Bkiaaa B obliee ABMKEHNE B

KaZApe Ph = #{Xi—l S Ih,}/#K

= [0 MOMYYEHHbIM CMeLLEHUIM KaXKA0i 061acTi NONyYaeM HOBble
napameTpbl kamepbl i =1{0, av, 3, t1,to, t3}

» Eom|[fopi =gl <|[fod =gl op=0w
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[terative Depth Estimation
McxoaHbin kaap 1
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[terative Depth Estimation
McxoaHbIn Kaap 2
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[terative Depth Estimation
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

100 ntepaumn belief propagation 15 utepaumn anroputma
YTOYHEHUA
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[terative Depth Estimation
McxoaHbin Kaap 1
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g Sy
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[terative Depth Estimation
McxoaHbIn Kaap 2

GRAPHICS & MEDIA LAB
VIDEO GROUP
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[terative Depth Estimation
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
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100 ntepaumn belief propagation 15 utepaumn anroputma
YTOYHEHUA
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[terative Depth Estimation
BbiBOAbI

s /IOCTOMHCTBA

= HagexHblh anroputM BblYUCIEHMS MAPAMETPOB
NBWXEHUSA KaMepbl

= DDDEKTUBHBIN METOA, pacyeTa rybunHbl
= HepgoctaTku

= BbluncnutenbHasa CnoXXHOCTb

= VI3Ha4anbHoe aeneHune rnybumHbl Ha PUKCUPOBAHHOE
4YMCNO YPOBHEN

CS MSU Graphics & Media Lab (Video Group) 23
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Live Scene Reconstruction
[TOCTaHOBKaA 3a4Q4u

Mo BMAeo, cHATOMYy 2D-kamepoun, TOYHO

BOCCTQHOBUTb MMYyOUHY U I'IOCTpOMTb .EI,OCTOBepHy}O
Mo.u,enb CLIEHbI T

CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 25
www.compression.ru/video a Single Moving Camera”, CVPR, 2010
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Live Scene Reconstruction
Camera motion estimation

AHaNn3 ABUXEHUA:
Parallel Tracklng and Mapplng system (PTAM)

| Tracking Map, quallty good. Found: 371/508 161/262 45/104 46/126 Map: 4204
CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 26
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Live Scene Reconstruction
Camera motion estimation

GRAPHICS & MEDIA LAB
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= PTAM no3BongeT pacCctaBnATb B BUAEO K/lOUEBble Kaapbl

= [1N5 KaXkaoro K/o4YEBOro Kazpa onpeaensieTcs no3vums
KaMepbl 1 BUANMOCTb KaXX10M TOUYKM B HEM

N *
Pt_z E P
t—1

CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 27
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Live Scene Reconstruction
MHWUKnanmn3aumsa HopManeu

B Ka)kaon Touke x; HopMasb n; MPUHUMAETCA PaBHOM:
n; = /N x Z(V(Py))

V(P;) — HanpaBneHWe Ha KaMepy B KNKOYEBOM Kagpe T
N — 4MCNo TOYEeK

k=0
IIJK } - .r..-'
~ 2 <

. X . .

, ’ * ~’.ji K' ‘.\
n .
J
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Live Scene Reconstruction &3
Depth estimation

[na KaXkaoro Kto4eBoro Kagpa cymTtaeTcsa apKoCTb [rer
N MaTpuLa NpoeKUUnN ToYeK NpOCTPaHCTBa
Ha NMJIOCKOCTb 3TOro Kaapa
T T
Ref __ ref ref ~gqref
P = K Rcw ‘ —R tc:-w

cw

K- ?anmua, nonyyaemas npu KannbpoBke KaMepbl

TE
R, — MaTpuua noBopoTa U3 cMCTEMBI KOOPAUHAT KaMepbl
B MMPOBYIO CUCTEMY KOOPAMHAT

CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 29
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Live Scene Reconstruction
Depth estimation

= Kaxxgon Touke x; = [z, y;. 2] cTaBUTCS
B COOTBETCTBUE Npoekums [u},v!]" =u’ =P'(x;)
NS5 KaXKAOW KaMepbil |

= [1pn Mmanom CMELLIEHNN TOYKMN Ha paccTosiHne Ax;
Au’ = u” —u} MOXET 6bITb Bblpa>|<eHo bopMyion

J
Au’ = Ji Ax; - op, 0P, 0P, ]
R OP" f f
Ji = _ or dy 0z
EAG) < | 0P, dP"’ oP!,
h - Ox 0y Jz | X;

CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 30
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Live Scene Reconstruction
Depth estimation

= JK0oObMaH paccumMTbiBaeTCS AN MAaTpULLb
MPOEKLNN KaXXA0ro K/to4eBoro Kaapa

= /3 MNOJTYHEHHDbIX JINHEUHBIX CUCTEM MOXKHO
BbIYNCTIUTb Ax; ONA KaXXA0ro nukcens

Aul = Ji Ax; [ oe, op, 0P
y ‘ ? ‘ ¢ ‘
Ji = P or dy 0z
NTOOx | OP., 0P, 0P,
- Ox 0y Jz | X;
CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 31
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Live Scene Reconstruction
YTO4YHEHMe rnybuHbl

.-~ m T'j= Jlyd U3 NO31LMK

: KaMepbl K MUKCENIO |
p = A; — NapaMeTp
AXj=Ar ONS KaXA0N BEPLUMHDI
’ = Pref — knioyeBon kagp

s P'— 0anH U3 cocegHmnx
KaZlpoB

- il ) | f»rlfjf arhf'jf
) . p— .
uj llj = lld,'r
Pre,f \
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Live Scene Reconstruction

YTo4HeHne rnyounHbl

2n

én,

CS MSU Graphics & Media Lab (Video Group)
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RS me R’/ — MaTpuua noBopoTa
== U3 CUCTEMbI KOOPAMHAT
IR"/ [u ;ef 1] KaMepbl B MMPOBYIO
CUCTEMY KOOPAMHAT
| | | K’ — ckansipHoe
= K\ K; = Ji.r; npoussenerve
C K]
Kul;
= Allj = Kj
K[u)?"
_ K[l

Newcombe, Davison, “Live Dense Reconstruction with 33
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Live Scene Reconstruction
YTO4YHEHMe rnybuHbl

= CuCcTEMa CBOAUTCA K MOUCKY miny, [[K;A; — Auy|
= PewnB cnucremy, nonyyaem napameTp A:

T
T —1 ~ Dae kau
)\j — (Kj Kj) KjAuj = o aza
Za-zl ka
N |_|OJ'IyLIaEM TOYHbIE KOOPAWUHATbI BEPLUNHDI.
/o
X; = Xj +T;A;

CS MSU Graphics & Media Lab (Video Group) Newcombe, Davison, “Live Dense Reconstruction with 34
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Live Scene Reconstruction
Pe3ynbTaThl

[— e

——

The base model is centl{luously

constructed from the SFM*point
cloud.

-

Newcombe, Davison, “Live Dense Reconstruction with 35
a Single Moving Camera”, CVPR, 2010



Live Scene Reconstruction
Pe3ynbTaThl
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Live Scene Reconstruction
Pe3ynbTaThl
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Live Scene Reconstruction
Pe3ynbTaThl
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Live Scene Reconstruction
NToru

= JIOCTOMHCTBa

= CkopocTtb (3acyeTt ncnonb3oaHus GPU)
= Moaenb CueHbl CTPOUTCA B peaslbHOM BpeMeHU

=« Ha QuadCore Xeon+2GPU — obHOBNneHne Mmoaenu
Kaxkable 2-5 cekyHn

= KauecTBo 1 TOYHOCTb NOJIy4aEMOWN KapTbl r1yOuHbI
s HegocTtaTku

= Heob6xoamMmMocTb KannbpoBKU Kamepbl
nepea HadanoM paboTbl anropnTma

CS MSU Graphics & Media Lab (Video Group) 39
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‘L CopaeprkaHue

= BBegeHue

= [terative Depth Estimation

= Live Scene Reconstruction

= Real-time Depth Estimation
= CBOW anroputMm
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i Real-time Depth Estimation

= [a XXe 3a4a4ya PEeKOHCTPYKLUN CLEHDI
Mo ABWXXEHUIO OAHOWN KaMepbl

= ONnTMMKM3aumna — HeT pacdyeTa 2D-motion
BEKTOPOB A1 KaXXA0M TOYKU Kaapa

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense M
www.compression.ru/video/ Geometry from a Handheld Camera”, DAGM, 2010
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Real-time Depth Estimation rz@?
[Tpumep

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation @
[Tpumep

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation %@7

[Tpumep R

VIDEO GROUP
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Real-time Depth Estimation
2 n306paxkeHus

[1ns NpocToro cnyyas napbl M306paxkeHnn
MUHUMN3UPYETCA SHEPrus BMUaa:

E(h) = A / I (7 (exp(€1) X (x, 1)) = To (7(x))
J 2

l,, 1, — U306paxkeHns
exp(¢&;) — 6 napamMeTpoB KaMepbl
7 — NPOEKLUMSA TOYKM U3 MUPOBBIX KOOPANHAT

Ha MMOCKOCTb Kaapa
Q, — MHOXECTBO BCEX BO3MOXHbIX MTYOUH CLEHbI

h — rnybuHa

*x + | |Vh| d*x
20

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 45
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Real-time Depth Estimation
2 n306paxkeHus

I (7 (exp(€1) X(x. 1)) = Io (7 (x))| Px + / Vh| Px

/ -~

E(h)= A /
J 2

PasHnuUa Mexay AByMA [lo3BonisieT n3bexartb
n306pakeHnsMu, Pa3pbIiBOB TyOUHbI
npuBeaeHHbIMU Ha rpaHuLUax o6beKToB
K OIHOWN CUCTEME
KoopAuHaT

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 46
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Real-time Depth Estimation
N n3o0bpakeHnu

E(h) —/\/ﬂ Z pi(x.h) dgx—/ﬁ|Vh d*x

ieT(x)

[nsa N nocnenoBaTenbHbIX N300paXKeHNU MOXKHO
CYMMWPOBATb 3HEPTUU KaXKA0N 13 nap

pi(x.h) = I;(x. hg) + (h — ho) I}'(x) — I (x)
I""(x) — npousBoAHas o h B Touke h,

7Z(x) — MHOXECTBO KaZlpoB, ANl KOTOPbIX
NMPOEeKLMA TOUKM X HAXOAUTCSA BHYTPU Kaapa

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 47
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Real-time Depth Estimation @

Pe3ynbtaT (6€3 TeKCTyphl)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation %@7

Pe3ynbtaTt (C TEKCTYpOK)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation o>

McxoaHble AaHHble

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 50
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Real-time Depth Estimation %@7

Pe3ynbtaT (6€3 TeKCTyphl)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation @

Pe3ynbtaTt (C TEKCTYpOK)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Real-time Depth Estimation
CKOpOCTb

High quality: 640x480, 1.8 fps

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 53
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Real-time Depth Estimation
CKOpOCTb

Medium quality: 640x480, 11.4 fps

CS MSU Graphics & Media Lab (Video Group) Stuhmer, Gumhold, Daniel Cremers, “Real-Time Dense 54
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Real-time Depth Estimation
CKOpOCTb
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Real-time Depth Estimation
NToru

= JIOCTOMHCTBa

= BblCOKas CKOpOCTb M Ka4eCTBO pacyeTa
(Ha NVidia GTX 480)

= He TpebyeTcsa kannbpoBka Kamepbl
= HepocrtaTku

= He onybnukoBaHbl pe3ynbTaThl paboThl
C peasibHbIM BUAEO, @ HE C MOCNEA0BATENbHOCTbIO
13 He6ONbLUOro YMcna n3obpaxeHun
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‘L CopaeprkaHue

= BBegeHue

= [terative Depth Estimation
= Live Scene Reconstruction
= Real-time Depth Estimation
= CBOM afiIroput™m
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i CBOW anropuTtMm

= [lOoMCK MaTpuLbl MPOEKTUBHOro npeobpasoBaHus
MeXxxay coceaHMMK Kagpamum no gaHHbiM ME

= [lonyyeHne napaMeTpoB ABUXXEHUS KaMepPbI:
nepeMeLLEeHME 1 YIibl MOBOPOTA

= [lonyyeHune oTHocuTENBHOW rNYybUHbLI HN10Ka
L= magnitUde ( Vreal o Vcamera_motion)
V.., — motion vector Tekywlero 6510ka
V camera motion — PIXElL_pos x H, rae H — ucxoaHasa matpuua
npeobpa3oBaHus
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CBOW anropuTMm
McxoaHoe Bnaeo
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CBOW anroputM
[lepBoHa4vanbHas Kapta ryouHbl
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CBOW anroputm
KapTa rnybuHbl nocne punbTpaumm
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CBOW anropuTMm
[Tpobnemsl

= HeToyHas Macka doHa

= HeBepHbIK BbIOOp TOUYEK NPU NOCTPOEHUN
npeobpa3oBaHus

= OwmnboyHoe nocrpoeHne rnybuHbl
nns obnacren ¢ HU3KOU Ancnepcnen
n B 061acTsax OTKpbITUS

s CNMLLIKOM cubHOE NOAHATUE ABUXKYLLMXCS
06BHEKTOB MO rnybuHe
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CBOW anropuTMm
[lanbHenwme niaHbl

= YYeT HeCKOJIbKUX KaZlpoB Mpu NosyvyeHumn
rNyOuHbl

= YTOYHeHue npeobpa3oBaHns TakKUM 06pa3omM,
4YTOObI MapaMeTpbl KaMepbl HE CUSTbHO
M3MEHSNNCb OT Kaapa K Kaapy

= YNydleHne anroputma 3anonHeHus obnacren
C HU3KMM AgoBepmeM K motion BeKTopaMm
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