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TEAS

Wit £ 8% (Sensors)3k BN #3E (Data)

(Reconstruct)ip & a9 = #2514

o LN =475 HIEERR (Understanding)
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© [BRkES
- HAEHEAL (Digital Camera)

L1l

Cannon EOS 5D Mark IV Apple iPhone 12 DJI Mini 2
By X. Gao
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© {ZRX=ER
« HREMYL (RGB-D Camera)
=llMicrosoft @

Microsoft Kinect Intel Realsense Apple iPhone 12 Pro
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- B1ES

© (LRES
o EOEHE{Y (Laser Scanner)

Leica ScanStation P30 FARO Focus 3D X330
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- B1ES

© fZReER
« BJEEIX (Light Detection And Ranging, LIDAR)
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Aerial image examples of NCT
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NYU grayscale image o NYU depth image o TUM grayscale image o TUM depth image

L1l
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Indoor laser point cloud examples of GRH Indoor laser pomtzl.oud e‘camples of GBH
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- EHiE
« FEIDHEY—E T EBRINER (Image-Based Modeling)
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3D reconstruction
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Input video with camera poses
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* LOAM: LIDAR Odometry And Mapping
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1& X 72F (Semantic Segmentation)
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Input Point Clouds Annotated Semantic Labels
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o TEX 43 (Semantic Segmentation)
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- B1ES

* B#R

VoteNet . ‘/ [
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& (Object Detection)
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- 1B

«  B#rHEM (Object Detection)
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« 35X 4EFR (Homogeneous Coordinate)
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FHAL AR
. ﬁzlx%Jr?L?[‘E”F” (Pinhole Model)

A
A
Y ____________________________________.--'-.
. X !
- . Z
pr1nc1p1l axis J
C']IllE‘['i
centre image plane
«  J%(»C (Camera Centre), EE&CZ (Principal Axis), Fm=p (Principal Point),
£FEf = |lp — C|| (Focal Length)
« E&I¥EMEZ = f (Image Plane)
- FESX=KY,2)", Bfmx=(xy)"
. x_y_f_x=fX/Z
X v Zz y=fY/Z
28 of 82 | Nov 2021 By X. Gao



ERIRETS
© BFRLFRTFAOREY

o X

I Yz

p \ - p z
principal axis /
C']IllE‘[ a
centre image plane

); x FX/Z\  /fX\ [f 0 0 0 );
| y) () (fY/Z>=<fY>= 0 f 0 0] .
. 1 z/ lo o 1 ol\j

def (X Y Z 1)T
. e (fX/Z fX/Z,1)T = Zx = PX, $E[EPFRAIES (Projection)sE[F
P = diag(f, f, D[1]0]
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FHL 1R 2

. 3_,\\%5
=

Y cam
0 X

- 7 X cam
AN ’A

principal axis

camera

centre image plane - |
X p;r T
- BUERGIELTARIARE, BT SLHREHP = (Popy)
); x x Xcam T Px fX + Zpy f 0 pe O );
* 7 H(Y)‘:)Z()’):Z YCam+py = fY+ZPy =(0 f Py 0 7
) 1 1 1 Z 0 0 1 0f\}
f 0 py
* BK=[0 f py|=Zamx =K[|0]Xcam, FEFEKFRAFRIE (Calibration)xEE
0 0 1
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FHL 1R 2

. RSk Lﬁ//

¢ ﬁf‘?\:IJT\?TE’JilEj?//’UJT\ \
¢ cam *H*)-L:I:*T?TEIJEIEJI /k:l:*—ﬁ Y
+ C ABFHOEHE R AARR TR IET R A FR

o N, Xeam =R(X-C), BEFFRER:
_|R —RC’]()’Z)_[R —RC]
o X .. = = X
cam loT 1 1\1 oT 1

y anmx = K[Ilo]xcam = anmx - [IlO]

—RC|l v _ &
oT ) ]X—KR[I| C]x
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« E5A-4EEY (Distortion Model)

« 1B (Radial Distortion)

O

Xr distorted = ¥(1+ k17”2 + k27”4 + k3r6)
Yr distorted — 37(1 + le'Z + k27"4 + k3r6)

« VB (Tangential Distortion)

. Xt_distorted = X+ 2p1Xy + py (rz + Zfz)
Yt_distorted — y+p1 (T.Z + 2372) + 2p, Xy

. B

. Jxdistorted = (1 + kyr? + kor® + k3r®) + 2p1 Xy + po (r? + 2%2)
Vdistorted = Y(1 + ka7 + kor* + k3r®) + py (r? + 25°) + 2p, X5
=ty X = fx +p
— (X =P )/f — ideal — distorted X
actua g Yideal = fYdistorted T Py

X
y = (Yactual - py)/f
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FEHHRE (Camera Calibration)

« B
EAET _HBERRS=ATE RN KRLALIR
KRR/ 9D SEL
e X; o X; = KRt
- FEIE
T =AM E T A
BT HECAR TR E 1A

33 of 82 | Nov 2021 By X. Gao
S



FRYLERE

o BT =#LFRIFRE 7
o BHEZMETH (Direct Linear Transformation, DLT)
« —X2D-3DX N RO IRHAI TARKER:

Xi P11 P12 P13 DPis
e A (yi> = |P21 P22 D23 D24
1 P31 P32 P33 P34

i

i
=
Z;

Aix; = p11Xi + p12Yi + P13Z; + D14
Aiyi = 021X + P22Y; + 0232 + D2y =
Ai = p31X; + 03,V + p33Z; + p3s

{(P31Xi + p32Y; + D33Z; + P34)x; = P11Xi + D12V + P13Z; + P1a
(P31Xi + D32Y; + D33Z; + D34)Yi = P21X; + D22Y; + D23Z; + D24
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FRYLERE

o BET=HEERAVPRE FI0E

o EHXEFERFHERNER
P11
P12\
P13
P14
P21
—xiX; —xY; —xiZi —xi|| P22 0
—yiXi —yiVi —yiZ; —}’i] D23 =()
P24

P31
P32

P33/
P34

_ O

35 of 82 | Nov 2021 By X. Gao



FRYLERE

o BT =23LARmPRE JTVA
En(n = 6)X12D-3DXN N RIRHARKRIESE—E, TF:

P11
Plz\
P13

_X1 Y1 Z1 1 0 0 0 0 —X1X1 _x1Y1 _x1Z1 — 514 0
00 0 0 X Y 2z 1 —=yX -»h -yZi —n PZ 0

g 0 0 0 0 —x,X, —x,¥, —x.72, —x, 523 0
24
L 0 0 0 0 Xn Yn Zn 1 _Yan _ann _YnZn ~YnA D31 0

P32

P33/
P34

A
/|

- EpFERIEERIN ACnx12)p(12x 1) =0(2n x 1)

o XN4EFEARTITREDME (Singular Value Decomposition, SVD), XN F&
INGFAENF FREEAAP = 0H%/N R Pagebraic

» HA=UDV", NIpagebraicAVEIERIE—FI
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FRYLERE

o BT =45EFRIARE JTVE
« RERZEEJUTRZE
* RKEIRZE Palgebraic = argmin||Ap|l;
* JUERZE" Pgeometric = argmin XiL,[Ix; — PXll,
« AEREFEAELSMRN_FBIFE, FTEXAERNITRNETIMAK
. FHXFBPalgebraic X PEHITHIIRL
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FRYLERE

« BT =#LiRMITRE 1A
« WEMEPH R
P = KR[I[R™*t] = [KR|Kt] = [M]|p,]
XEEEMFHITRQ M, M =RQ, RA (F) L=F%EK NNIrEHE
BEK, AQIEAFEFE, X HeFziEFER
t=K1p,
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FRYLERE

« BT HEARITRE A

= (X;

T
o YoinZijp1) = (X, 11'01)

* XX = KRyt

Z. Zhang. A Flexible New Technique for Camera Calibration. /EEE Transactions on Pattern
39 of 82| Nov 2021 Analysis and Machine Intelligence (T-PAMI), 2000, 22(11): 1330-1334. 16k+ Citations By X. Gao



FRYLERE

« BT HEARITRE A
s —WITHER LN EREENNNEGRRTRHEN TARIER:

Xi,j Xij Xij
Ai,j<yi:f>=K[Ri|ti] YSJ' =K[rj r ri t] YSJ’ =
1 X 0
Xi»f hil hiZ hiS Xi,j

Klr{ r} t] Yiji | = hy, hh, hbs Yi
Hi 1 _h§1 héz 53_ 1
«  FEFEHFRAER (Homography)fERE
© HENNNNRX; ;< X, H o BIEDLTEEAH T
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FRYLERE

© BT THIEARRINRE 1A
- f{HHEITK:

H;=[hi hi hi]=K[ri ri t]=K[h hi
mﬁﬁﬁﬁﬁﬁﬁi{

. (nd) K"K h} = 0
ﬂ'fﬁ“: T ) T .
(h)"K-TK~hi = (h$) K-TK "
FREE T K E2NFFKONARAE
KE=f4%E= w = K TK L 4 X FREEfE
HE®RIE= 3K, TMBEDLTA MRt w
Bt I8 Cholesky > &3k H K
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FRYLERE

© BT THIEARRINRE 1A
* EEHi{Ei_I_Rirti:

H;=[hi hi hi]l=K[r} rl t]=K'[hi hi hil=[rf ri ¢t

ri = K~1h!
of§: {ri =K 1h}
ti = K_lh:i;

ERABFERIMR rf = rf xrf = (K™*hi) x (K~*h})
- BRI

M ERK R, t MR (REGRZSMLIR) HME

XN T RIE IR E TR/ MM BB I TIE R K #

K* {R}, t}} = argminz”xiJ — K[Ri|ti]xi,j”2
L,j

BN 3RS LR ER/IMEBR X TINS5
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MR E (Camera Calibration)

PR EIAEL: T BN — SRR G AE — Tk

Click on the four extreme corners of the rectangular pattern (first corner = origin)... Image 1
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MR E (Camera Calibration)

SRR MR I Tk

R
;/S\HT

Calibration images




FHALARE (Camera Calibration)

PR ETAES: AR BRFIE R

Extracted corners

¥c (in camera frame)
rJ
o
o
—

100 200 300 400 500 600
Xc (in camera frame)




AR E (Camera Calibration)

e bR EVLFES

R L INA R e

Image points {(+) and reprojected grid points (o)
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FAMNLPRE (Camera Calibration)

« MRERES: DITERLIRE

Reprojection error (in pixel) - To exit: right button
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FAMNLPRE (Camera Calibration)

PR ELAEG: i iR E 4 R

Extrinsic parameters
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- TEESH

- fRRkar, BURE, BE, ER
© THYIRE

- BAEEE, sHLURE, ERRE. RETS, BTED
© THYLIRE

-« BRI

« ET=HEERNRETT A

e X; o X; = KRt
« BT THIERNIRE 1A

* Xi,j —> Xi,j - K, Rilti
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=—ANl=

(Triangulation)

- BAWE
- EHZREEGRPN ZHENN R REEVANRN/INSEL
c KEBHAEEBRRNNH=FTE R
x;, P, = X X
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= fAMNE (Triangulation)

4y

7

o=
ILTE

+ SIERXTEAAYLP, L MIRFAT X, M

S

i i i i
= |P21 P22 D23 DP2sa

xn  |Phi pi2 Pl pia
- ()
_P§1 D32 P33 p§4_

N <X

Aix; = Pi1X + Pizy + Pisz + Pi4
Aiyi = P21X + pagY + pa3Z +p2a =
Ai = p31X +p32Y + p33Z + p3y4

(P§1X +pi,Y +pisZ + p:l’;4)xi = p X +pl,Y +pisZ + ply
(P§1X + p3,Y + 0337 + P§4)3’i = p31X +p3,Y +p33Z + 3y

52 of 82 | Nov 2021 By X. Gao



= fAMNE (Triangulation)

+ EREAUEHARNER.

[pélxi —Pi1 P32Xi—Piz Paa¥i— pigl A <pi4 P3aX; )
P31Yi — P21 P32YVi— P22 P33Yi —DPasl\» D34 — D5aYi

FEERXEn( = ) PMHEYL THRFZARRIAESAE—E, T

&4

o ) |
niE

|

S

\
° A<

\
i

_P%1x1 — P%1 p%le - p%z p§3x1 — P%s_ P%LL - p%4xi
P§1y1 — P%1 P§23’1 — P%z P%3J’1 — P%3 <X> P%4 — P%U’i
. : : : Y| = :
D31Xn — P11 P32Xn —Di2  D33Xn — Piz| \Z P14 — P34X;
P31Vn — P21 DP32Yn — D22 D33¥Vn — D23. Dos — P34Yi

+ EpERREERIL ACnXx3)X(B%x1) =b(2n x 1)
« NXEY (RBUREBXTH) &/N_FBEN:

-1
¢ Xalgebraic =A"b = (ATA) A"
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=& (Triangulation)

- BN
- AR
*  MXaigebraic AFE
. XT!ZEIT&?Q%BE%E—/J\@C@EE E AW

L /‘E

Vs
\\_1

X" = argminZ”Xi — PXIl

o IR EBJIUEMRER/NMUEX TR 8] 2 = 4 AR FRX geometric
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(S ENI

« 2D-2D: #H3¥7E[g (Relative Orientation)

1 2 1_ylylol 2 _y2v272
d Xi — Xi : Rlzltlz(OC_XCYC ZC — OC_XCYC ZC)
« 2D-3D: #mELNL (Visual Localization)
« 3D-3D: RZ=XIFF (Point Registration) g
/!\ ,’//
YC/\ /,' L’

1
OC
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« 2D-2D: #EXIE[a (Relative Orientation)
« 2D-3D: fi®ESNL (Visual Localization)
* X; © X; = Ry, twe(Ow—XwYwZw = O¢c—XcYcZe)

« 3D-3D: =Z=XF5F (Point Registration)
w

Y
C/\ 7 - A

Oc
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« 2D-2D: #EXIE[a (Relative Orientation)
« 2D-3D: #imEAL (Visual Localization)
« 3D-3D: ==X (Point Registration)

* X! e XZ = Ryy, ty,(Ofy—Xiv Y Ziv = O&—Xa Y& Zdy)

1 v @ @ 2
Y A YW
- L 4
Ziy Ziy
Ow Oty
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(S EN
+ 2D-2D: X EE
«  XIMRJLAE (Epipolar Geometry)

ATZERmRAELRES (xj & x7) ZBENREJTXER
T FIHEEN (X)), MKRBENA (KL Ky) « 9888 (R t,)

m. XARE®E (Epipolar Plane); e, e,: Xtk (Epipole); 1i,1,: f#&kZk (Epipolar Line)
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VS
e 2D-2D: XI#RJL{ (Epipolar Geometry)
- IEHES
o REtFARRBESAELZEN L, BEWEVZENTRIRICARL
1): 11x; = K{[1]0]X = K, X
2): 15X, = K,[R|t]X = K,RX + K, t
3): X = A Ky'xy R(1)ZEF
4): ,x, = L, K,RKT 1%, + Kot K ()HEAT(2)
5): 1,K;1x, = ,RK71x; + t (4 WL £ FK;?!
): Aot x (K3'x5) = A1t X (RKT'xy) t5H(5)Fi g EiR
)
)
)

7): x2 Ko Tt x (K31x,) = 4, x2 Ko Tt x (RKT1xy) R(6)FAiD A FexIK;T
8): x;K; Tt x (K3'x,) = 0 t X (K3 'x,) R 5K, %, F X
9): X, K3 't x (RKT'%q) = 0 F(8)THAT(7)

0 —t3 ¢t

(10): xS Ko T[] RKI %, =0 [tly = | t3 0 —t;|,txx = [t]x
l?" _tz tl O
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o 2D-2D: X% JL{ (Epipolar Geometry)
o BAR%EPE (Fundamental Matrix)

F is a rank 2 homogeneous matrix with 7 degrees of freedom.

Point correspondence: If x and x’ are corresponding image points, then

x'TFx = 0.

Epipolar lines:

o 1" = Fx is the epipolar line corresponding to x.

o 1=FTx’ is the epipolar line corresponding to x’.

Epipoles:

¢ Fe = 0.
o Fle' = 0.

Computation from camera matrices P, P’

o General cameras,
F = [e/] «P'PT, where PT is the pseudo-inverse of P, and ' = P’C, with PC = 0.

o Canonical cameras, P = [I | 0], P’ = [M | m],
F=[e]«M=M T[e]., wheree/=mande =M"'m.

o Cameras not at infinity P = K[I | 0], P’ = K'[R | t],
60 of 821 F=K"T[t]«RK™' = [K't]xK'RK~" =K'~ TRKT[KR"t] .

By X. Gao




NZARTT
» 2D-2D: XIHRJL{e] (Epipolar Geometry)
«  ZNJEKEPE (Essential Matrix)

LRV HEME, NEKERH#HTIH—L:

X; & X, =%, =Kilx; &%, =K%, N:

x; K T [t]«RK %y = %; [t],R%y

E

© ARBFEFERMR
REFERERI B HEAS
REFEENTRETAERIMMEFHE =10
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(VR Shn
e 2D-2D: XtRJL{ (Epipolar Geometry)

© BARBRERREREYIER
E,K;, K, = P, P,

WE#FTSVD: E = Udiag(e o 0)VT, MI:

P, = Ky[I]0], P75 %) A4 0] 68 VIR

[ K, [UWVT|+u,]
K, [UWVT|—u,]

P, =
2 | K [UWTVT|uy]
(K2 [UWTVT|—u;]
0 -1 0
Hh, w=|1 0 0
0 0 1
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NZ(AIT

« 2D-2D: XIfRJLA (Epipolar Geometry)

([ K,[UWVT|+u,]

° 7J oT 48 B - . Kz [UWVT|—u3]
POF R R LT RRRE . P, = < O [UWTVT ]

K> [UWTVT|—u,]
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(VR Shn
e 2D-2D: XtRJL{ (Epipolar Geometry)

o HEAMEMENEIT xf oxf=F
« —XI2D-2DX R Mol TARK R

xlz ' fir fiz fis Xll
y? fo1 faz  fa3 yl = 0=
1 f31 fz2 fs3 1

x?xl fi1 + xPyifia + X2 fiz + VX for + ViV for + Vi faz H X a1+ Vi faz + f22 =0

© K LEXEAERHERIEL:

fll
f12
fi3
f21
[xfxi  xPyl xf yixl yiyvi oyioxi oyl 1| faz
f23
f31
f32
f33
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« 2D-2D: XIfRJLA (Epipolar Geometry)

- BEAREFENET: xf ox?=F
« Bn(n = 8)X2D- 2D N RIRHAAR K RESAE K, IJH:

fll\
f12

f13
xix} xPyi x} yixl yiyi yE oxl i 1] fo1 0

. . . . . . . . . f22 — ( )

f23

f31

f32

f33/
SRFEMFZEEIN Anx9)f(9x1) =0(nx1)
XFEFEARTSVDIRES (REURZERXT) MR/ MEgebraic

2.1 2.,1 2 2.1 2.,1 2 1 1
XnXn XaVan Xn YaXn YnVan Yi Xn Ya 1
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(VR Shn
e 2D-2D: XtRJL{ (Epipolar Geometry)

« BEARIBFEMMEIT: x{ o xf =F
[’X falgebraic jlj %]] 1E
XT!ZDT&?Q%BE%E—/J\%IEHEEL TIERCOK AR

F* = argminZ[dz(Xiz, Fxi) + d?(x;, Fx)]

=1
Hep, dx,DFRiE2xE 21098 K &
it E XA KT LR ER/IMER X TRIE AR Bi'fﬁrl_Fgeometrlc
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NZ(AIT

« 2D-2D: Xtk JL{T (Epipolar Geometry)
o EAXREEFFMAR: rank(F) = 2R0o; =0

. mFinHF —F||,
S. t. rank(F‘) =2
© e Al = Vo@TA) = (S, 0

-  NF#FTSVD: F = Udiag(or 02 03)VT N:
« F=Udiag(s; o, 0)VT
© ABFEEFFUAR 0 =0,03=0

(il
S.t.Ul = 05,03 = 0

- E=KIFK;
e  XE#{TSVD: E = Udiag(cx 02 03)VT, N:

E = Udiag (01+02 911% 0) VT

[ ]
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« 2D-2D: XIfRJLA (Epipolar Geometry)

o (HITEARIER s $ERLEITE
* Chicken-and-egg Problem: RANdom SAmple Consensus, RANSAC

C.

M. A. Fischler, R. C. Bolles. Random Sample Consensus: A Paradigm for Model Fitting with
Applications to Image Analysis and Automated Cartography. Communications of the ACM,
68 of 82 | Nov 2021 1981, 24(6): 381-395. 27k+ Citations By X. Gao
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e 2D-2D: XI#RJL{ (Epipolar Geometry)
- FERE:

1) M= 248 P FEV1 M E s 28
sARTFREETTINR/ NEE R/
DP:s=6DH:s=43X:s=2;4Fs=75Es=5

2): AFEAIHE A SR TR B 1T

3): RIBLENEERNSEEHERPNIEINREEN—ES
DP,HX: RESEE, @ FE SEZ%ES

4). BEI1-3ZNRUFKBERAZEES

5). Fl| AR A X EEGHTERE T
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« 2D-2D: XIfRJLA (Epipolar Geometry)

* RANSAC
- EAXBAE:

* The RANSAC procedure is opposite to that of conventional smoothing techniques:
Rather than using as much of the data as possible to obtain an initial solution and
then attempting to eliminate the invalid data points, RANSAC uses as small an

Initial data set as feasible and enlarges this set with consistent data when possible.

© SHERM:
* N =log(l-p)/log(1-(1-¢€)°)
Sample size Proportion of outliers €
s 5% 10% 20% 25% 30% 40% 50%
2 2 3 5 6 7 11 17
3 3 4 7 9 11 19 39
4 3 5 9 13 17 34 72
5 -+ 6 12 17 26 57 146
6 2! 7 16 24 37 97 293
7 4 8 20 33 54 163 588
8 5 9 26 44 8 272 1177
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e 2D-2D: XtRJL{ (Epipolar Geometry)
* RANSAC

NHYBEIER RE
N =log(1 —p)/log (1 — (1 —€)3)

e N = o0, sample_count= 0.
e While N > sample_count Repeat

— Choose a sample and count the number of inliers.

- Set € = 1 — (number of inliers) /(total number of points)
— Set N from € and (4.18) with p = 0.99.

— Increment the sample_count by 1.

e Terminate.
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« 2D-2D: XIfRJLA (Epipolar Geometry)

- R/NECER
© BRI TR

. R. I. Hartley. Projective Reconstruction and Invariants from Multiple Images. /EEE Transactions
on Pattern Analysis and Machine Intelligence (T-PAMI/), 1994, 16(10): 1036-1041. 300+

Citations

o KJRFEME: S5m0k

. D. Nister. An Efficient Solution to the Five-Point Relative Pose Problem. /EEE Transactions on

Pattern Analysis and Machine Intelligence (T-PAMI), 26(6): 2004, 756-770. 2k+ Citations
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e 2D-3D: M ES

« i&EWngs (Perspective-n-Points, PnP)

V. Lepetit, F. Moreno-Noguer, P. Fua. EPnP: An Accurate O(n) Solution to the PnP Problem.
International Journal of Computer Vision (1JCV), 2009, 81(2): 155-166. 2k+ Citations

X. Gao, X Hou, ] Tang, et al. Complete Solution Classification for the Perspective-Three-Point
Problem. /EEE Transactions on Pattern Analysis and Machine Intelligence (T-PAMI), 2003, 25(8): 930-
943. 800+ Citations

. J. A. Hesch, S. I. Roumeliotis. A Direct Least-Squares (DLS) Method for PnP. /n International
Conference on Computer Vision (ICCV), 2011: 383-390. 300+ Citations

© BRERZTHAGTT

K. S. Arun, T. S. Huang, S. D. Blostein. Least-Squares Fitting of Two 3-D Point Sets. /EEE Transactions
on Pattern Analysis and Machine Intelligence (T-PAMI), 1987, 9(5): 698-700. 4k+ Citations

-+ BRI

S. Umeyama. Least-Squares Estimation of Transformation Parameters Between Two Point Patterns.

IEEE Transactions on Pattern Analysis and Machine Intelligence (T-PAMI), 1991, 13(4): 376-380. 2k+

Citations
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5 E 2 (Structure from Motion)
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MIZENIR E 4544 (Structure from Motion, SFM)

D e e B e e e e e e e e il N
I
I
\:ﬁ( Seed Reconstruction H Image Registration H Scene Expansion Hlntermediate Optimization}-:—) Points & Poses
: . ’l\ :
1 Incremental Reconstruction
\

* N. Snavely, S. M. Seitz, R. Szeliski. Modeling the World from Internet Photo Collections.
International Journal of Computer Vision (1JCV), 2009, 80(2): 189-210. 2k+ Citations

* J. L. Schoénberger, J. M. Frahm. Structure from Motion Revisited. /n /EEE Conference on
Computer Vision and Pattern Recognition (CVPR), 2016: 4104-4113. 1k+ Citations

I
I
\

Global Reconstruction

* A. Chatterjee, V. M. Govindu N. Efficient and Robust Large-Scale Rotation Averaging. /n
IEEE International Conference on Computer Vision (ICCV), 2013: 521-528. 200+ Citations
e Z. Cui, P. Tan. Global Structure-from-Motion by Similarity Averaging. /n IEEE International

Conference on Computer Vision (ICCV), 2015: 864-872. 100+ Citations
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MIZENIR E 4544 (Structure from Motion, SFM)
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I
Hybrid Reconstruction !

* H. Cui, X. Gao, S. Shen, et al. HSfM: Hybrid Structure-from-Motion. /n /EEE Conference on
Computer Vision and Pattern Recognition (CVPR), 2017: 521-528. 70+ Citations
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Photo Tourism — P4 & SfM
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Photo Tourism
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Pose estimation: 2D -> 3D n-view triangulation
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- HEITEREE

e openCV: https://github.com/opencv/opencv 57k+ v«

*  Ceres Solver: https://github.com/ceres-solver/ceres-solver 2k+ v«
* open3D: https://github.com/intel-isl/Open3D 5k+ v«

e PCL: https://github.com/PointCloudLibrary/pcl 6k+ ¥¢

*  CGAL: https://github.com/CGAL/cgal 2k+ v«

« SfM/MVS/Meshing/Texturing 718 Z&E

e Bundler (SfM): https://github.com/snavely/bundler_sfm 1k+ v¢

e COLMAP (SfM+MVS): https://github.com/colmap/colmap 3k+ 3¢

e Thela (SfM): https://github.com/sweeneychris/TheiaStM 600+ v«

*  openMVG (SfM): https://github.com/openMVG/openMVG 3k+ v¢

*  openMVS (MVS+Meshing+Texturing): https://github.com/cdcseacave/openMVS 1k+ v«
*  MVE (SfM+MVS+Meshing): https://github.com/simonfuhrmann/mve 800+ ¥+

*  MVS-Texturing (Texturing): https://github.com/nmoehrle/mvs-texturing 600+ v«
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Xiang Gao, Lecturer
E-mail: xgao@ouc.edu.cn | Web: https://ouc-xgao.github.io/
College of Engineering, Ocean University of China
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