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Automatic approach of lens radial distortion correction
based on vanishing points

Liu Dan, Liu Xuejun, Wang Meizhen
Key Laboratory of Virtual Geographic Environment Ministry of Education, Nanjing
School of Geography Science, Nanjing Normal University, Nanjing 210023, China

Abstract: Objective Lens distortion, which is a fundamental problem in photogrammetry and computer vision, has serious
effects on the three-dimensional reconstruction and on the geometric image measurements. Method In this paper, an auto-
matic correction of weak radial distortions based on vanishing points from a single image is presented. In order to reduce the
effects caused by the nonlinear model included in the distortion center, the distortion center is further optimized after the
radial distortion is estimated. A nonlinear model of vanishing points and radial distortion, which can be estimated by the
Levenberg-Marquardt (LM) algorithms, is established based on the geometric constraint of vanishing points; then, the
distortion center and radial distortion is optimized by an iterative method based on a suitable quality measurement. At last,
the presented method is tested and verified. Result The radial distortions using different data are all effectively corrected.
Compared with the traditional methods based on non-metric distortion correction, the results of camera calibration after cor-
rection are significantly improved. Conclusion The results of our experiments indicate that the approach can effectively cor-
rect radial lens distortion, while effectively overcome the instability of the traditional methods based on non-metric distor-
tion correction.

Key words: 3D reconstrution; vanishing points; radial distortion; distortion center; automatic correction
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Fig. 1 Camera model with lens radial distortion
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Fig. 2 Relationship between parallel lines and

vanishing point under the influence of radial distortion
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return;
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goto Calculation;
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1) SE56 Ko

RS B H Y H IR LT 2 TR A T A ) W AR A
TET A R, SR [A]— 245 (5 05 58 AR AL
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end
o g = T R
F1 EZLHEXHHIE
Table 1 Information of images

2H &% DSC_7495 &% DSC_7887 &% DSC_0101
FHHLAL S Nikon D80 Nikon D80 Canon EOS 50D
& R 8 s B AR/ mm 27 18 18
(R EE R SF/mm 23.6x15.8 23.6x15.8 22.3x14.9
1% 152/ pixel 1000 x 669 J5:3 872 x2592 1000 x669 J5i:3 872 x2 592 1000 x 666 J§i:4 752 x 3 168
x Bl AR E FE IR pixel 1144.1 762.7 807.2
y Tl 2 L BE/ pixel 1143.2 762.2 805.3
IR E SR HE £ pixel 1143.7 762.5 806. 2
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(a) £ DSC 7495

(b) K%DSC 7887

(c) %DSC 0101

K3 ES s s

Fig. 3

Information of images

R2 AXEERMWIET R R LR

Table 2 Three main vanishing points estimated by our algorithm

/pixel

1% DSC_7495

1% DSC_7487 % DSC_0101

FH K (518.30, -3917.90) (504.6255, -2057.8) (495.81, -1791.6)
MABBR (1204.94,643.43) ( -690.92,568.27) ( —203.58,647.8)
*3 AHMEZEEBRETKRELER
Table 3 Results of radial distortion estimated by the two algorithms
Ak SR8 (R RS WA AE 1/ pixel Ao i Wi 8 2R 4 7 22/ pixel
Kl 1% DSC_7495 3. 65E - 09 (505,329.5) 2. 04E - 04
AL Kl 1% DSC_7887 4.78E -08 (496,330.5) 6.61E - 04
K% DSC_0101 2. 02E -08 (504,338) 5.74E - 04
Kl 1% DSC_7495 2.31E -09 2.42E - 04
&5 K14 DSC_7887 2.87E -08 5.81E - 04
1% DSC_0101 1. 89E - 08 4.28E -04

FHBLBTHAER A PG /N AT REAN [R] , 745 Sk Wy 22 28 0
2B PG R (9 46 T A2 1k, BIVIRT A2 28 855 4 i

k
HT s ICR N k] =S%,kljﬁlﬁilﬁ1%jtd\ﬁﬂ‘é’ﬂg

N Ry OV AP E i S v I | DR e
Wi A8 2o PRI, S fef e A 2R 5 R R e, i
FRRT UG RO HEA T A — 1k, BIVF W 28 5 38) 2 A5 0 W

AR vy BRUAFEHGRE A K IE e =~ I8

P AL pRAL P &l 4 P

OIATEE 2 AL 4 i A A TE 25 2R AT LAAR TR
— AL £R AN R] B B S i 28 2R AN ), SR IO
Wy 725" 2 J50B8/) 5 AF [7) £ B T AR ATLAS [ ) 5 S iR 28 2R
BB A TA]

oy VS 53 A AR SCBR  BA A8, SR AR SCH
VLRGSR R AT W A8 A5 A I 1423 0 R HTIX 3 i
FREATARBLRS E , 75 2] B AR E 45 R N 4 Frzn
X AR IE ML TE J5 89 AR BILB 52 e R 5 B S AR i f

PEAT HCAE, P RR 5 1 AR BE 05 A 25 2 i AR ML
SRR R E , FL AN SO 1 A TE i ) s A JEE T
B TG T B AR M KIER LA IE R /Y
PRAERTEE .

187
1.6
141} Nikon D80 18 mm
1.2+
S0 Canon EOS
0.8 50D 18 mm
0.6 f
0.4t
02+ Nikon D80 27 mm

0 005 01 015 02 025 03 035 04 045 0.5
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Fig. 4 Distortion function r of Nikon D80 27 mm
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Table 4 Results of camera self-calibration

Nikon D80 (27 mm)
(f=1143.7 pixel)

Nikon D80 (18 mm)
(f=762.5 pixel)

Canon EOS 50D (18 mm)
(f=806. 2 pixel)

bR EEHE/ pixel  FHXTIRZE/ %

b2 B S RE/ pixel  FHXTIR2E/ %

FriE BRI/ pixel  AHIXTRZE/%

FAZLIE T 1052.9 7.93
G E RS 1.090.7 4.63
BB ERIE G 1150.7 0.61

787. 1 3.23 828. 8 2.80
772.3 1.29 819.5 1. 65
760. 3 0.29 808. 8 0.32

(a) 2 IE A MEZDSC 7495

(b) B IEJA M EHEDSC 7487

(o) K IE A MEEDSC 0101

BlS  fafm S AL DE IR 1 1R 5

Fig. 5 Images corrected by the radial distortion correction
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