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Three-Dimensional Calibration of Fisheye Camera Based on
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Abstract Due to the large distortion of fisheye camera images, the two-dimensional calibration board approaches are
often difficult to obtain reliable corners around the board boundary, which may lower the calibration accuracy.
Traditional three-dimensional calibration methods have some challenges on building a complex calibration field to
obtain sufficient number of feature points. Therefore, a three-dimensional fisheye camera calibration method based on
the laser scanner is proposed to achieve more accurate results. First, a laser scanner is used to obtain the point clouds
of the fixed indoor environment. Second, an improved scale-invariant feature transform matching method is used to
detect the corresponding features between point clouds and camera images. A two-round random sample consensus
(RANSAC) algorithm is applied to rejecting outliers among the correspondences, and the internal and external
parameters of fisheye camera are estimated based on the image and physical coordinates remaining corresponding
points after the 3D RANSAC screening. Compared with the classical Zhang Zhengyou calibration method and its
improved methods for various cameras, the proposed method can get more effective feature points to make calibration
accuracy much higher, which can provide good lens distortion correction for fisheye camera. The proposed method is
convenient, precise and extensively applicable.

Key words machine vision; fisheye camera calibration; laser scan; scale-invariant feature transform match;
random sample consensus algorithm

OCIS codes 150.0155; 150.1488; 140.3460

WFs EE: 2016-07-08; WEMEXAREE: 2016-10-08

ELWH: HEKARPIFEES61273276) (B ZBHE AT (2015BAF14B00) (Wi V148 H SAFE 2 2 4 (R13F020014)

EF BN BEE 1991, L oo A, EENE I HE Y 7 A5 . E-mail: chengmengjiao@nimte.ac.cn

SUREE A BILEIA972—) 5 W1 R 0 A R, BN B LG | TG R R A Ak BT b O8I | 4 A R
S fescm AN T R BFSE . E-mail: xiaojj@nimte.ac.cnGEEEE R )

0315001-1



1 9 =

#IRAEHL T B A 7 A R SRR S S 7 S0 TR R FUL S e SR S | = A S S AL
SR TTZ AR o ST R b S MR A AL R S (R TE 1S R AR AT AR AR A bR R = 4 S ] AL AR
ZAR]RTI 56 FR B S AT A AILAR 2 T o ARBILRR 58 4 b 28 W 2R 47 0 43 T LA 43 Ry = b o T L kbR E T
— bR R e g vk (R A RS ) . H AR N T AR W AR SE 22 X I A T YOG R T LA
ELAEEATARE S W bR 8 R AR A 25 5 — AR 8 TR bR ) R B A R R — S A E ) A R R
(12 3l 5 B ETE T IR AR LI bR E 5 2R 1Y R 4 AR 8 VA R = B 8 T,

5 T A B H 4 5 T ML A A T O A TR S — B 28 B R R O i AN TR 1 A B A0 R R
RS AE PEIAG R SR A AR AL I 2 850, %o 38 38 AE AL A AR B 10 4 A A B2 (EL2 T T £ IR AR BIL 1) s o I, ML 8 A6 5 o AN
AE AL o B DA AL AL 37 BRI E 7 5 R0 20 A0 37 30 T 7 L A% 00 0 Ak 18y AT A A A 000 05 2 DR s e A
) S5 ) {5, DR A S R P2 JC R AR BIMRIE . 7E = 4EBREE b L 30 2% X 38 T AH X 480/ o T LAY A st 4G I 3 £ o, T
W SR JH = 2 1 T sl B A A TE Y B3R B SRS B R BE R AR ALRR E Y . SLIBVEAET SR 3D &
Rl b 2 Bk AT 0 IR AR BILAR S o AT LATE 2 AN W0 37 10 16 AR BORS o 1) # s AR AR b B |l T B iy BT 75
B A R BCA IR RS R EAS TEA — € W2, T = 4R bR 5 5 10 07 25 R T AR B 2 19 #A A5 B2
R0 b5 7 Y B 3 LU BE AT A%, HLG R T R AT 4

AR SCHE Y — P T HOCT 00 = 4R D7 vk . 15T S O I HBOR IR RS B S N IR A S s
I A RS AN AS REAE A2 45 (STFT) DL C 5 ¥5 15 3 i = B 5 R b s AL IR R X i s i DB G &R . AR X
EATHEAT 73 B REAL AR — B (RANSAC) 5 1 . 45 21— 205 5 DT I 9 P 150 A b A 0 B A2 A o 06 R AT =
2 RANSAC G & . i 15 2] 9 115 A A F1 0 B AR AR ) (B SE IORS 6 . 55 o ARG 77 08 /5 745 380 % 17 A 1) PR A
Ry B AR o FH AR AT V5 SRASAHBLIN 2 RSN S R0 46 1, R FH AL (FOV) A5 B Sfe i A 0 MR A AL 1 W 78, 16 A
WL Ew 1 0 3l - Levenberg-Marquardt(LM) Z g0 s F7dE e M 4k, SR B B DS S (e, 52
B AR WY 5 A B RS BE L BE U b X £ AR AR LR AT AR 0 L B 8 1 S FH AN B

2 FETHOCHER M = 4ibr e Bk

BT HOCH A = 4Ebr g Sk i B  AR AT A2y S AR 432 1) R SIFT DR e 485 12 4+ 3] £ R AR AL 5
B 5 O AL A 2 B 22 1805 R A RRAE 6 38 2 43 e RANSAC 5503 % 330 6 Rp AiF 6 37 7 0 256 , AR 4k 07 126
J& B R A 30 £ AR AR T A R AR SO B FE O A R AR = B W E AR B 5 2) FI ] = 4E RANSAC X 55 —#F
S35 B B FFAE 81 BUARAR 3R A5 5 X8 17 19 ) B A1 s 4 A7 i — 20 3 , R P o 245 380 1) A8 R X I O R HE AT £
IRAHALER & o SRk AR R NI 1 B
2.1 ETFHEIRH RANSAC X BT E

PR bR L 1 S T AR BN A AR AR AL 5 OGN A 2 B2 [RDXT R YRR AE 6T R R H A ) R
AHAIL I F 1 5 AE 56T 10 118 PR A% 3 A o R 40 B A0 A o AR 4 A8 B R X 7 6 R FE AT AR . STFT DG e 3507k 2 45
FIAS[R] G 2 18] %6} 107 DC JC o5 i 28 ML 53305, T MR A AL B R 5 OB HE R OUS = B 5 R S B (B 2,
W BT — RN AR SR )5 PR EAT SIFT DAL, 4 T AR A3 8845 1 D BC AR, #6 SIFT DG fic 5395 1) Sk fih -
P T R B2 B RANSAC X B D g i 3k A7 VR IE
211 AN BARERARORXTE

WO 5 2 R B S 5 3R i R i e HIR R R s R B 1 B BB AT SIFT VC LA 5 15 31
WU 25 5L L TR IR FH SO R AP AR AILAS B 0 RSOk HE AT DE B

SR R 1) 475 0L 1) 5 0 0 S 451 A2 380 0 AR R I 1 A4 46 i L £ R RR i sk i 2 . an &l 3
NS IR PEAS M EE 0. K5 WM 52 BTG R e ok, bl KT 4552 L 45 3R A s 10 301 A A B2 19 1L, gk ] AR
EE X 17 A T T R R AR b, FLARHE T B 2 WL SCER 10, AR e g R n 8] 4 s,
2.1.2 SIFT & fe

SIFT VG FL 3k 7E RO 25 [a] v - FRAR (B 2 VB S FRRAE A, SR FH 2 g DR C A 7 3k 647 DC E , # MR P14 o R g

0315001-2



3D calibration

—3D calibration with nine choosed points

}

compute pixel error of each
feature point, the median as A,

iteration<<500
no

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
parameters P |
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
I
|
|
I
|
I
|
|
|
|

get corresponding physical
coordinates of feature points

yes

stereographic
projection . .
min (A)), corresponding camera
¥

compute pixel error of each feature point

[ pre-matching| y%s

accurate selected feature points,
for final 3D calibration

—>set the search

range

|
P
!
1!
!
!
!
!
: L
: i
!
!
B
IFT RANSAC block matchin, D : 0
SIFT match g ! |
: P
. < ." | |
= )
P!
!
1!
!
!
!
!
|
P

1 ek
Fig. 1 Overall flow chart
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Fig. 2 (a) Point cloud image and (b) fisheye image
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Fig. 3 (a) Spherical projection expands to (b) cylindrical projection
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Fig. 4 (a) Cylindrical projection is transformed to (b) spherical projection
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Fig. 5 Corresponding relationship between two pre-matched images. (a) Gray scale of the laser scanner image;
(b) gray scale of the fisheye camera image
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Fig. 6 Image blocks for RANSAC screening
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Fig. 7 Contrast of matching results. (a) Result of SIFT matching; (b) result of improved matching
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Fig. 8 20 images for calibration
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Fig. 9 Comparison of results of five calibration methods. (a) Original image; (b) result of the proposed method
(using a single image); (c) result of fisheye calibration method in Opencv3.0; (d) result of classical Zhang Zhengyou
calibration method; (e) result of Zhang Zhengyou calibration method with PFET model;

(f) result of Zhang Zhengyou calibration method with FOV model
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Table 1 Pixel error of different calibration methods

Calibration method Pixel error /pixel Calibration method Pixel error /pixel
Zhang Zhengyou method (20) 16.6832 Zhang Zhengyou method (29) 18.4525
Zhang's improved method+PFET (20) 15.9619 Zhang's improved method+PFET (29) 17.7829
Zhang's improved method+FOV (20) 42.4222 Zhang's improved method+FOV (29) 42.5859
Fisheye calibration method (20) in Opencv 3.0 2.87704 3D calibration based on laser scanner 0.623351
32 iz

4R A% I A AR A 5K E A b i 1 B S Uy i Opencev3. 0 H 1 f IR A a2 15 B JE TR 3R A5 A . A
17 JC Rk HEAT AR S DR I I IAT 174 5 50 2% 76 ML 280 A W 28 AN R A 00 N BEAT I . R A BE T OG B 19 = 4k o 1
15 3 (14 2 B0 L 0 I AR A K T R AT AR OE L A B T AR A B R L UE I T T A S BUR IE B Y L HL kg
wmE 10 iR,

K AR SCT7 86 28 45 31 B9 2806 B 10 Co # R R AT A TE 38052, 45 SR a8l 11 s . Wil LA
R T 52 PRI A 18 T I ) 4 2% 380 R L, DS 1 A T 50 I A 1 31 ) S 02 IE I Y

XFAERE R 1.25 mm B MR A LT AR 2  br e 45 RN 12 PR, 3 2 WG T FORl AR 2 7 B AR 38 1R
25, AT DL 3 AR SObR E 1R X 1% MR AL B A5 BB 7 i b 8 45 2R . AR SCH Hh Y B T O Rl A ) = ZEbr &
BB Tz MR L B T LA AR ML A AT R R AR E L T DAOGHAT R A IR AR LR AT AR E

0315001-7



B 10 KA EN TR IES R, (b)) JEE; (D) () (D) XTI A ST b E 45 7
Fig. 10 Correction results under severe distortion. (a)(b)(c) Original images;

(d) (e) (f) corresponding results by the proposed method
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Fig. 11 Cylindrical expansion of fisheye image
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Fig. 12 Calibration results for a fisheye camera with 1.25 mm focal length. (a)(b) Original images;

(c)(d) corresponding results by the proposed method

# 2 AFBRE IR BRERRE

Table 2 Pixel error of different calibration methods

Calibration method Pixel error /pixel
Zhang Zhengyou method 5.00399
Zhang's improved method+PFET 4.79365
Zhang's improved method+FOV 25.86400
Fisheye calibration method in Opencv 3.0 3.34803
Proposed method 0.96033
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