W23k WM ess R TR Vol. 23 No. 4
2015 4E 4 A Optics and Precision Engineering Apr. 2015

XEHS 1004-924X(2015)04-1196-09

;“' ll..\:u\/\eﬁzljﬁi I“\HZ“I.'?I'R#\QIEﬁIf

BIRK. T KLE2REN.BTFE
(hREIVAY BATERAFHFR,EAIT %BRE 150001)

FEE X A BMG  AR BEIE S E AT A O RO 5 . 40T 17 2 7 DU AR e 4R 58 L N A8 P Y 30 A5 R 2 A I Bk B AR TE N L 4
I BT R M P R U R 25 O T B A G 5 A TR B O L TR R 4 T T A A R iR 2 B/ i LR
SO ERREX BE B M BT . SR T BB AT AR T T I PR R R A R R AR G B R R R T B
R R B LN GORG B L R e 2R R AIE SR 24 RO IE IR 0RG BE . 1 BB AN AN AT DA Ak 5 T 0 ok e 28 A8 L AN 8 PR B3 VR G OE
A PG A ) B U R LA Ak 00 2 1l D 1 P50 DT 8 025 BT A TR il AR BE TR A B . B T MATLAB Y £ B 5250 W
X T 400 TR R BBk AL IE 5 B s dw KR 22 200 1R RGOS R S 1Y 29, 05 A B X0 S5 4 AR R 2 T I i 28 42 LA
7 P R T T RIS T T B o e e 24 T R T 199 RIS A R A TE SR AR UG A5 1 58 LU AR R AT % L L 85 SR e B AR SO i
I 7 L D 5 Yl A 0 N AR G e RO RS

X # WA B E; B"*’rx#xf. BB R R T R Y R

RESES:TP391.4 EKFRIRAD : A doi: 10. 3788/OPE. 20152304. 1196

Point wise distortion correction algorithm with

vanishing point collinear constraint
ZHAO Zhen-ging, YE Dong”, WU Bin, CHEN Gang, YANG Zi-jun

(School of Electrical Engineering and Automation,
Harbin Institute of Technology, Harbin 150001, China)
% Corresponding author, E-mail ; yedong@hit. edu. cn

Abstract: Point wise correction algorithms are researched and analyzed. The correction accuracy of a
point wise distortion correction algorithm based on four-point collinear cross ratio invariability is
investigated. It points out that the initial used image points which contain errors will cause the
accuracy change in the calculation of other image points. Then, it gives the selection method for image
point locations and relative distances when the calculation error is smaller. Based on the above, this
paper proposes a point wise distortion correction algorithm based on vanishing point collinear
constraint. The algorithm uses vanishing points to improve the linear fit accuracy and the collinear
feature to constrain the corrected distortion accuracy. It not only optimizes the image point errors of
the distortion correction algorithm based on a four-point collinear cross ratio invariance, but also the

initial image point errors, so that the accuracy of distortion correction of all image points is improved
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ultimately. The simulation based on MATLAB shows that the maximum error of corrected image

points is 29. 05 times that of the initial image point noise for four million pixels. In contrast to the

physical image using the cross ratios from the correction algorithms based on four-point collinear

invariant cross ratio and vanishing point collinear constraint as well the uncorrected image, it indicates

that the performance of proposed algorithm is better than that of the algorithm based on four-point

collinear cross ratio invariance.

Key words: computer vision; image correction; distortion correction; vanishing point; cross-ratio

invariability; collinear constraint
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Fig.1 Presentation of four point cross ratio invariability
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Tab.1 Coordinate errors of image points
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Fig. 3 Influence of moving distance on error
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Fig. 4 Collinear constrained based on vanishing points

i 4 feos, BHE L i 9 A T LA E] 4

3k 12 &% LV, LH,, LR, LL;,i=1,2,3,
AT LAF X 12%5212754@%?%%%2 25k

PB4 HPAT LB UG AHAE T 4 ANTH
B VS, i=1.2.3.4, X FREG E—4& D, L
W — L B3 A AL B, CL FIRA
K25, Mk sz % Vs, — ., VS, — Cy,
VS, —C') 3K HLMAR, T8 —EGS, B
AEHR 2 3 A>T 1] F T B A4 B R R S
Yo, PR CHE ST DA AE AN AR T A B A LG L DA
TH BT L2 29 1 Ry fie /b H A R BIOR A5 BZ
{1 $5c P i

B RERERWT

H b5 bR ECH -

min > || pug + qua + 7 |l 2, an

LYo A g 00 W A2
Hrb poger 2 HTHER S G BLSE: put qot
r=0,W 2 p'+q =1, m/MAKXZE 1AL
PE S /NIRRT AR A 1 R Y R AR AR S
K%M Levenberg-Marquardt % £ 82 =0 387158 1t
PRI B DL . H B pRECCL ) A AT DX Hp s X Jaf
PR s oAb s B8 24 o 2% 7 ok v s DX B BT 45
SO AR R BRI AT,

Xof T R R A2 5 Sk o 136 AR ME 4R B AT L 22 g e
AR rpuC X G0, X T AR A 0.5 %0 1Y Bk
Fe U, MAEFIESRBUR 224 0. 02 pixel B, B A by AR
ANTORRAE B OBORS B, X R A 0 K 8
pixel, 1T A DO G BN AT LU JH — B e
WY 5 A AR R A T O DX TR s A SR S
FRC 4 T £ 00 B30 02 ok A8 T v X3 1 1 450 A ey

g5 L iR, 55 T O 3 L AS 728 1 RN 9 B oS A
LR B WAE R IE B L RNT

L. BEIE BIAG ey XS i 8 22 A8 1E R ol
X BG5S

2. WWHE AATIHEES ., REREPLX
RGOSl 2 ROR G 4 D E L IR
A A5 ) I B R s

3. XrG BUR ST AL . B T B s 3
LA, ADFH L-M &R T

A AR SN AR S AR bR . AR AR A
K2 HHHE T EME A

5. AR Be s 3 2k 24 HOR M A T 5 R A
14 AL BR A 5

6. EEMATHIE 4.5 HLEIRIE P A7 S 4G,
4 MIFRBEER

AR BT matlab {5 BORS JE
T BRI R GEAE XS L AT
4.1 FEXLR

B5 Bz 86 v B8R R R 100 X100 423 ] 4
B IE J7 R BT A FLAT 1 (A1 B R 30 mm, #E AR
As bR F AR T RRAR HLAR bR R & R 2 R=[40
—20 20]JCHAE M), T=[—0.7 —1.3 2]
(BN m), IR 8 mm. MM K/NE 2 048

ST ] fif Xf



LR

BRI L 45 < I B i R AR

pixel X 2 048 pixel, fRICK/NH 5.5 pm X 5.5
A O B CIRE] PSS

 [103.13  4780.52 —6478.66 1 660.12
_[2 574.34 2 389.74 2 817.75 2508.91]
(B ; pixeD)
THRHIRE N,
.27 119 1.0l —1.06
[2.04 —1.07 —0.86 0.38}

(BAA . pixeD)
2% () s, X6 0L ) PG s an T 5 TR

1 5000

1000}
g
i
500
L\ 1 L 1 i i 1 i i J
200 600 1 000 1400 1 800
Ufpixel
&l 5 23 [A] %R 1Y PG

Fig.5 Image points corresponding to space points

B4 0 X 38 25 100 pixel X 100 pixel, #]
R 28 t=150 pixel. #5 E X I 248 w= 20,
HRAE DU 2552 LU AOORG B2 43 BT 45 2R L 2 B 7 X 7 B R
SAER LXK, D, BB SRR 15 pixel, #)
WA LB L CE NS 147 S FBImAYIE N
T, =R T2k 0. 02 pixel B9 H10. 6 %6 Y I
AR KR AL B 1 R 3,58 i s X AR A I
FMEIE , ot KR E MG S A ARl UL ViR 22 W E 6
Fi7R

FEF DU 5558 B AN A5 P T et e e 2 24 o e AR
KIESS R mE 7.8 8 piR. &k 52 Wit 5, &l
1805 U A AR(E 1 5 K% 228 0. 581 pixel, V A& F5
A RIR 250 0. 353 pixel, fir KR 2 H & EI%
MR Y 29, 05 15,
4.2 IRESHTRERXRK

ST P Y 8 Sk b Kowa 23 /) LM8SJCM,
FEHE N 8 mm, BFAE N 0. 6%, AH ML EE Y 2
Point grey 22 ) GZLAIC6M , FHTH K /N2 2 048 X
2 048, 0 b 45 AF 68 F A 2 204 & 6 A
(LED) , 9847 ) 5 B foff 45 4 BUREAE A B2 347,
&9 fros , 2040 LED [E & 78 = A 4npl b, % 5 Ak

L T A A T B 1 1201
0.0157
0.01f! 4
N
E 0.005 | A ;‘I\' ﬁ ,'I lr .
s o KNG B T xin g i
= H (TR Y k = LN
S -0017 U
5 LA
E —0.015f v
(§3] H T
-0.021 i.'l ¥
-0.025F V — - — The error of I coordinate]
! —+#— The error of I coordinate
-0,03 : .
0 10 20 30 40 50
Image points
6 HL XHURRIE SUBLIE A IR 5 3 22
Fig. 6 Image point errors in central area after correction

0.6
0.5
0.4
0.3
02|
1|
ol
-0.1
-0.2
-0.3
-0.4

Error of U coordinate/pixel

4000 6000
Image points

0 2000 8000 10000

7 WEAREJE U AR ARIR 22
Fig. 7 Errors of U coordinate after distortion

correction

e e
e ]

=

Error of I coordinate/pixel

| | |
=B =
W N -

|
=
s

10 000

2000

4000 6000
Image points

8000

& 8 WHARKLIEJG V AR AR iR 22
Fig. 8 Errors of V coordinate after distortion

correction

PRALIE B — A R A5 . B4R K/ 800 mm X
800 mm, ¥R I HFRAE 800 41 X 41, AHHLEE 4 AR
L2y 1 m i, A HLAR AR R A AR R BIL AR AR R A — iE
FRE LA 2T B 4 HORS B2



1202 i

ks TR

5 23 &

9 LM

Fig. 9 Experiment scene photo

Revised U difference/pixel

; e 3000
T 7500
1000 . 000

5
Vipixel 00 00

Ulpixel

K10 RIEE U A br w22

Fig. 10 Difference of U after distortion correction

Revised V" difference/pixel

} 2000
e s00

500 - 00
! 070 " Ulpixel

11 KBS V AR bR AR 22

Fig. 11 Difference of V after distortion correction

2 BB PR A RS T PR i B4 D 22 18 43
B U VIE 10 ME 1 iR, 4 SH% RS A
B9 AR B AR 43 91 2« (400. 709,691, 459), (1 432,
905,236. 625), (631. 17,176. 16), (1 874. 958, 1
530. 71) (BT : pixel) , X FAG IEJ5 i BE i k. (—
2.63,1.32),(1.95,—3.90), (—2.177,3.89),

(4. 88,3.02) (A3 : pixel) ,

AR SO L T B S R £ 24 RS O S 1 ER
REHE TR AN AR AR A T IR SRR A% TE SR AR
PG i 158 U A 15 25 64T X b, B 43 B S B 4% O
KGR . HREME e DO — A5, 43 90 o 53 8 i A4S
BG4 AT T Bk F MRS sS LU E R 22 . 45
Rk 2 s, WERBATLAER, ETHLL LT
ANARPE R AE JE BRI 28 A He R 1 TR R
MRS T DB G EE TE RIE AR
B A O AE b2 T S8 AR B MR R IR S
G A8 e 2 8 17— Dot g, X 3]s
BRI IESS R T3 F IS AR,

x2 REBEKIZLEX L

Tab. 2 Comparison of cross-ratio values for corrected image

ok R B HL2 HA3 H&4
N ) ] )

WREAR Uao ) 4.1 21.8 2.1  27.5

BIE®Y  vAao™ 4.0 41.3  24.8 4.2
ZHAZEH Udo) 6.1 7.6 3.4 13.5
WIEFEE  vao ' 9.0 62,2 152 3.1
FihR4E  Udo) 1.3 1.0 138 1.4
LR Vo 7.8 16.1 3.9 1.8

5 £ &

ARSCAYHT T BT 0 M 2 58 b AN AR P R
AR IE B RS B A5 0 T U A AR T 3 A ]
G0 57 R [B) BE A5 D 1, 7E b R 5 4 SR 3
Bt b T 3 T O R R R 2 o, MR T RN
BB R R L BT RS . T AR
SR BEEEAE X, B AN T A I R A RS A T
DL B =405 ) B 2R 29 0, o 2R T . AR ARG
MR SR & S i R S B O R R S SR L ]
KE, ZARE IR 0. 02 pixel (WA, B AE K
0.6% A K/NH 2 048 X2 048 WY R 55, K%
EJRHRKIRZE 0. 581 pixel, LW LE R, K
TE S5 G I B3 58 LU AE SR 43 17, 35 1 T et i 3
2R 2 % 1 W A A B A RS E 25 R T T
R AE A B 75 SRS I 1 R S



5 43

AR K, 25« 1 e IR A R R

A W 78 A T B 1

1203

SE Lk

(1]

(2]

(3]

(4]

(5]

[6]

ZHANG Z Y. A flexible new technique for camera
calibration [ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2000, 22(11)
1330-1334.

W RE BEER,F
AR, K 4
1994,

S BRSE PARR E N ROJE

% 142,2014,22(8); 1985-

HU H, LIANG J, TANG ZH Z, et al..

Calibration of stereo microscope measurement

sysems [ J]. Opt. Precision Eng. , 2014, 22(8) .
1985-1994.

NHHEES R FREF CRHABIOGER
KB EL] LF HEFL
259-265.

#2,2014,22(2):

LIU SH G, JIANG ZH ZH, DONG Y H, et al..
Sub-regional camera calibration based on moving
light target [J]. Opt. Precision Eng. » 2014, 22
(2): 259-265.

B 75 S BT AN 1E 22— e MR 1 B AR
FAIBLARET]. 65 F 4. 2012,32(1): 0115001,
XUE J P, SU X Y. Camera calibration with single

image based on two orthogonal one-dimensional

objects[J 1. Acta Optica Sinica, 2012, 32 (1):

0115001.

TR E RS, TR MR Bk
SRR E ik )] AL B AUE F 4R, 2004, 25(5)
597-599.

HE J J. ZHANG G J. YANG X M. Approach for
calibraton of lens distortion based on cross ration
invariability [ J]. Chinese Jowrnal of Scientific
Instrument, 2004,25(5) .
Bt AL RS F A lE RGE b — RSz
MR R IE R[] ke F - ok, 2013, 24 (2)
308-315.

597-599

TANG W, YE D, YUAN F, et al.. Independent

distortion correction  algorithm in vision

measurement [ J]. Journal of Optoelectronics *

Laser, 2013, 24(2): 308-315.

7]

(8]

(9]

(10]

[11]

[12]

B sk, AN iR L ST LR IE A B P BE
SLHFAR A IF [J . Uk T 42 % 4k, 2006, 42 (9) : 174-
177.

ZHOU F Q, HU K, ZHANG G J. Correcting
distortion of camera lens with collinear points [J].
Chinese J ournal of Mechanical Engineering, 2006,
42(9):174-177.

PG sk, 3R E A BT AR B D WA A OE 19 3R R AL
FE R AUk T A2 F 4k, 2009,45(8)

ZHOU F Q. CAI F H. Camera calibration method

228-232.

based on non-metric distortion correction [ J .
Chinese J ournal of Mechanical Engineering, 2009,
45(8):
R R KRB REF. BURHLE K A g —Fh AR &
WA TE T [)]. 5 4 4, 2008,28(8):1552-1557.
ZHANG J, ZHUD Y, ZHANG ZH Y. Non-metric

228-232.

calibration of camera lens distortion [J]. Acta
Optica Sinica, 2008,28(8):1552-1557.

R, A= SRR ISk BRI BE A AR
it RGP AR SRR P BRI T ). e
12-18.

T
#2,1998,6(5) :
ZHANG ZH ]J,CHEN R SH, HUANG Q CH, et
al.. Centroid of characteristic point image obtain
imaging vision coordinate measuring

in probe

system [ J]. Opt. Precision Eng., 1998,6(5):
12-18.

B R, T, L
LRFAR/ 3 LYY

(7): 965-971.

A We AL B 8 K D R 4
CERLLT] F B AL T 42,2014, 25
YANG B W, ZHANG L Y, YE N, et al..
Centroid location algorithms of infrared target in
detection

computer-vision-based assembly pose

system [ J]. China Mechanical Engineering,
2014,25(7) :965-971.

R AN T O - T S Rl 3 W b 8 A AT
PO IO SRR )] R F

0512002.

&, 2012,32(5):

FENG X X, ZHANG L Y, YE N. Fast

algorithms on center location of two dimensional

Gaussian distribution spot [J]. Acta Optica



1204 e

5 23 &

Sinica, 2012, 32(5): 0512002,
[13] #RL 4% &3, = A4r S HLIR 3 YRR &

HAR[J]. &% #% 142.2010,18(4): 952-957.

HUANG F SH, QIAN H F. Camera calibration

technology driven by three-coordinate measuring

EERN

BAIRER (1983 —) . W, Wtk R 1A,
2007 4F 2010 4F F 38 111 K 2 43 3 3k A5
2t A2, AT O O WL
W G AL B, E-mail: 22q725@126.

com

[14]

machine [J]. Opt. Precision Eng. , 2010,18(4):
952-957.

HARTLEY R I,ZISSERMAN A. Multiple View
Geometry in Computer Vision[ M]. Cambridge:
Cambridge University Press. 2000:568-582.

M R 968 —), B, bR AL B
& o A R, 1990 4F 11995 4F
H1 1999 4F F05 IR I Toll K 24 43 531 35 15
b LR A, EENERT
ER /- B 5 H) 10 A0 B 0 B8 R R
XUE /8 A5 AR b 05 B8 R R 45
J5 6] B9 BF 5%, E-mail: yedong @ hit.

edu. cn

(ARZB%HE.ZH5)
(R KRZTE AEBEEH)



