ek

m m_;

&Y

,:..n

pme g

R ]
Wi
.
T T
F T

'-|'

LN
1.
.-l H\r

SN

S T
d." »
[

Ay

Jeon Hyun Ho

L& ImagelSystemltaboratory;

2019-04-10



Contents

7toep 22 ' SA ZHE & 715t L ol =2t 7[5t
Pin hole Coordinate Homogeneous Transformation Imaging Epipolar
camera System coordinates - 2D, 3D geometry geometry




Pin hole camera model




Pin hole camera model
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Pin hole camera model

image plane image plane X, Y. Z.)

Normalized image plane o ;
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Coordinate System
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Coordinate System

® World Coordinate System

1 7| Zo = AMRBHE &
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Coordinate System

® Canera Coordinate System

- 7HES 7|=2 = o
b = S {GESS

©F =WX,Y.2.)

e —
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Coordinate System

® Pixel Image Coordinate System

- OpenCVe| Matl| B A CIEEZ F9| (x, y) != (row, col)

>X

® Pimg = (x,y)

T e—
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Coordinate System

® Normalized Image Coordinate System

T ERTCE
- olojx| BES

Bo| Fet= XA O|O|X| =&

B Ol A7 ZiH2t =81k H2|7p 12 X[Zg2e 2 & o|0]Xx| BH
A0 |

o o2

- =0 WHo| #H

Pimg — Kp’ u=x —cy)/fx

©p' =(uv) ] l ) Cy | U V=0 =alih
0 y Cy [v]

x=f,u+ c,
y=fHv+ ¢

T
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Homogeneous Coordinates

® Homogeneous Coordinates

- (LY E (x,y, DE BEASHE HEf
- gt o 2 00| Ot Yo|o| A= wol CHSll (x,9)E (wx,wy,w)ZE HH
- 2AH 0| FAIE|D oF ZtH0f| Ciek #210| Fote

- & ZIHE Fold{H 2 A2

(W) - (521)=sED
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Transformation

® Rigid Transformation

. oZa|C|of Hato|atnE BB

- %EHEf 37|E wXIotH ?[X|2} YFht v = Bt

s

- Translation (22 O| =) - Rotation (2| )
[ ] H [ ] [x']:lcosﬁ —sinf [x]
y y' sin cosO 1Ly

N .

- Rigid transformation

5] = [coso —=mo) ]+ [c]

L@LE‘E@’E&J 12



Transformation

® Rigid Transformation

- 3D transformation . EH S} a4 -3D HH2HA] - Homogeneous ZtH 7| #74
A 10 0 X' X1 [l [X7 [ mz miz G][X
R, (1. R,(6) =10 cos® —sinf Y|=R|Y| + ty‘ Yl _ |21 T2 T2z Gyf|Y
& 0 sinf cos6 | 7' VA t, Z' 31 T3z T33 t,||Z
i _ o 1] lo o o 1ll1l
AR Sy cos@ 0 sinf ) |
X< R,@=] 0 1 0 !
|—sinf 0 cos6. [R[t]
‘cosf —sinf 0]
R,(0) = |sin@ cos® O
L0 0 1.

R = RZ(HS)Ry (62)R,(61)
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Imaging Geometry

® [mage Projection model

- [Ri]: € E ZEAE 7tH 2t REAZ Ut = rigid Hat A

- Tpers(1): 7t 2t X2 A 42| 3DEEE E 4t O|O|X| BHO| &&B Al7|= projection & =
- K: 7t 2} Lf & ohetoje = H O|0|X| X2 & EHA XtHEE HEt
g [r , i
s|Y|=T|,| TE =olst®  s|y = KTyers (D[R]t] 7
1 1 1 1

21 Tz T23 Uy

31 T32 T33 U

x £ 0 ¢lft 0 0 o (711 T2 T13 U]
S
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Imaging Geometry

® [mage Projection model

. Nz aY
1 [A 0 alpu e me o] - K:7HHIEHLH S Dh2t0[E{ S LEEH
S[y]: 0 5 o [rﬂ 22 723 ty] 7 (intrinsic parameter)
1 0 0 1fUs1 T2 733 L2l 3 _
- - [R{]: 7O 2} @/ F mEt0[H S LrEFH
(X ] .
v (extrinsic parameter)
= K[RIt] |
|1

T e—
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Epipolar Geometry

® 2 - view vision




Epipolar Geometry

® alignment stereo vision

B : baseline

ol

(Xz—X1):f:B:Z

fB = (x, —x1)Z

fB

Xy — Xq

fB

X, — Xq

o

—
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Epipolar Geometry

® Epipolar Geometry

LQ_A@;@QE 18



Epipolar Geometry

® Essential Matrix

3DSZH &2l o PIF 7T A, BO| ZH2fp,p 2 £ F [
p"Ep =
u
[u" v' 1]E|v| =
1
- Mat findEssentialMat(InputArray points1, InputArray points2, double focal=1.0, Point2d

pp=Point2d(0, 0), int method=RANSAC, double prob=0.999, double threshold=1.0,
OutputArray mask=noArray()) :

1) & O|O|X| AtO|Q| EE AlAtSIY Hiztst
2) 5% O &l ojA O|O[X| Ztx ¥t 7tH2f Zi2i0|HE LS

|
3) YUES Y

e
=

S mmege Syetmm Rebesaeny 1o



Epipolar Geometry

® Fundamental Matrix

- 7tO[2f Th2r0| B 7EA] ZZ2bot & O|O| X[ &2 It ALO|9| 7|otetH &A & Holots & E

—

P tngFPimg = 0 E = K'TFK E = KTFK
X
[x' y' 1]F |y| =0 F = (KT)"1EK! F = (KT)"1EK-1
1

- Mat findFundamentalMat(InputArray points1, InputArray points2, int method=FM_RANSAC,
double param1=3., double param2=0.99, OutputArray mask=noArray() ) :

1) & O[O|X| AO|2] FE A Ltotof Hhetet
2) 8% O|&to| Ui Y O|0|X| ZHEMES Y (methodl2t 7R E 7H5)

T e—
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Epipolar Geometry

® Scale Problem
- oo Zet 7|5t F G BHAE 7| 20 AAH L2 2™ 5= Sttt 2M7F U S
=>E=RtZ LM E

2| HZRO| 3R = AF €S FAIS EHO|S t/F 2AtR e, S 582 BIEEHO| 28

—

P
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Epipolar Geometry

® recoverPose - [R|t] =&

- int recoverPose(InputArray E, InputArray points1, InputArray points2, OutputArray R,

OutputArray t, double focal=1.0, Point2d pp=Point2d(0, 0), InputOutputArray mask=noArray()) :

1) Y2 E EQt F O[O X| 40| AN OB RE

2) 27Ol 7|88t R AALE 8 [RIf
3) S [t]=1

r1ot
Mok

o|O|X|of &CHH QI [RIT] 2HAIE ==K =

=1y

—_

UL semags Sgstm Retemaeny 22



Epipolar Geometry

® triangulatePoints — feature 4D point ==

- void triangulatePoints(InputArray projMatr1, InputArray projMatr2, InputArray projPoints1,
InputArray projPoints2, OutputArray points4D) :

1) & 7t 219| Projection Matrix (K[R[]) S &4 BFS

2) 7 72 &2l OiEE

S —

UL Bmege Syt Retbesetosy 23



Epipolar Geometry

® solvePnP - [R|t] &

- bool solvePnP(InputArray objectPoints, InputArray imagePoints, InputArray cameraMatrix,
InputArray distCoeffs, OutputArray rvec, OutputArray tvec, bool useExtrinsicGuess=false, int
flags=ITERATIVE ) :

- void solvePnPRansac(InputArray objectPoints, InputArray imagePoints, InputArray cameraMatrix,
InputArray distCoeffs, OutputArray rvec, OutputArray tvec, bool useExtrinsicGuess=false, int
iterationsCount=100, float reprojectionError=8.0, int minInliersCount=100, OutputArray
inliers=noArray(), int flags=ITERATIVE ) => Btatst

1) etoiel Zroeriel 20 Ed s ol e S8 =2/ 3D zh&
2) O|2X 2 X[ 4712 £ 0| HR (KR|t] : 3x4 Mat) .

L@_/-,E‘Bg;é@za 24



Experiments

® solvePnPRansac
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Experiments

® solvePnPRansac

u_| Prior_img

A

-0.01547693832075563, 0.9545475563228524, -0.2976565589707146,. 529.61885397557

595
-0.84604723790074564, 0.29669592566776,. 0.9538611951294922, 1384.5168839339071

Prior RT: [0.9989267441554873,. 0.063209835829649359,. 0.063339244234235331, -211.55
446551666923
-0.820860725383321649, 0.953645200824772, -0.30082268676073707, 462.9008169915111

-0.04148133195629848,. 0.2992165208315714, 0.9532831545564408, 1775.82498040991

[23.89629425883535; 1.901097405860583; -409.62465535355891

’lﬁ_l, ImagelSystemyltaboratorysels



Experiments

® Find E - recoverPose - triangulatePoints

401 145

& 399171

et
438 311

458 338

478 360

Feature Detection — SIFT, SURF, FAST, GFTT —

@.’1@;@:@ 27



Experiments

® Find E - recoverPose - triangulatePoints

P 0
Feature Tracking - OpticalFlowPyrLK —

Feature Matching - KnnMatch L@L@ﬁ@m 28—




Experiments

® Find E - recoverPose - triangulatePoints

Point2d pp(CamBridge. (), CamBridge.GetCy());
E = findEssentialMat(vecPtpre23, vecPtcur23, CamB

Scalar num Inlier E = sum(E_mask);

i

(), pp, RANSAC, ©.999, 1.8, E mask);

inlier = (E, vecPtpre23

t: [-8.83490384974824617;

0.3446337851501723;
~-A_9380A88A95759842 1

€408%t > [-13.96153989637847;
137.8535140600689 ;

-375.2352383039368 1

>

READ: O (1>
WRITE: 1
READ: P (1>
WRITE: 2
READ: Q@ (1>

(), pp, E_mask, 58);

e

’.@_L,E‘)‘gyam 29



Experiments

® Find E - recoverPose - triangulatePoints

triangulatePoints(matP_ref, P, vecPtcur2?3 =cPtpre23, tmpdD);

I =8 X
@ o
- %
°g
& o
£
@
00{)00
o
.
o o
3
o
o
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o
) —
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Experiments

® Find E - recoverPose - triangulatePoints

\
!

-

[
triangulatePoints & == 0Tl Zf £ O| 3DEIHE 0| &5H0 72| A4t —
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Experiments
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