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Camera parameter calibration based on
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Abstract: A camera imaging model based on two-dimensional rotating platform was proposed in order
to solve the problem of parameter calibration for rotatable camera. Firstly, through the
transformation and inverse transformation of coordinate systems, the rotation translation
transformation of the camera was converted to the pure rotation motion of the two-dimensional
rotating platform; Then, taking advantages of the readings of the rotating platform and the fixed
transformation between camera and rotating platform, accurate calibration for internal parameters of
the camera and mutual transformation for the extrinsic parameters at optional position of the camera
were realized; Finally, taking advantages of calibrated transformation matrix between the camera and
the rotating platform, the transformation of camera parameters at different positions were realized.
Comparing with the traditional calibration method for the fixed camera, internal parameters of the
camera obtained from the calibration method proposed have better convergence, and the

transformation matrix from the camera to the rotating platform could be calibrated in order to realize
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accurate calculation for transformation parameters on the coordinate system of the camera. The

experimental result shows that when the quantity of calibrated template images are identical,

comparing with the common Zhang's calibration, internal parameters of the camera obtained from the

calibration method proposed have faster convergence rate. Comparing with x-comers coordinate in

actual shooting images, the average error of the x-comers re-projection coordinate is about 0. 12 pixel,

which shows the method has higher accuracy.
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Fig. 2 Camera model fixed to the two-dimensional

rotating structure
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Tab.1 Results of camera calibration
Mean
Method Intrinsic parameters (H) Transformation matrix[ R, Ty ] Reprojection
Error/pixel
[2 265,24 0 1 020. 817
Zhang 0 2 266.31 1032.83 0.096 1
L 0 0 1 J
2 395. 44 0 1 020.557 0.999 7 0.007 9 0.019 98 0.406 4
Presented
0 2 395.75 1 044.56 —0.007 8 0.9999 0.009 0 —49.849 8
Method 0.104 9
L 0 0 1 0.020 0 —0.0088 0.9997 —10.3970
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Tab. 2 Calculation results of external parameters

Reading of theodolite/ ()

Camera position

Camera extrinsic parameters

[R T]

I, (88.428 8,115.279 4)
I, (99.336 3,123.112 5)
I,

0.9954  —0.0425 0.0804 —4.8253
0.041 5 0.9990 0.0117 —9.5696
—0.0808 —0.0083 0.996 2 624.2366
[0.9978 —0.0395 —0.0544 —87.8129 7
0.029 3  0.983 8 —0.176 3 —123.867 9
L0.060 5 0.174 3 0.982 8 596.178 8
[0.9972 —0.0397 —0.0548 —87.7481 7
0.0291 0.9835 —0.178 0 —123.817 8
L0.061 0 0.1761 0.982 0 595.706 1

() B L 1
(a) Checkerboard image I,

U/pixel
600 700 800 900 1000 1100 1200 1300 1400 1500

T
e o0 00
6001 ©®° e e e
® o0 00 A ]
® 0o 000 1
® o 0 00
[ I Y
8004 ® e o000 :. lz
e o 000 o e 0
> ® 0000 e e e
> ®o0o 000 PP
2 © o000 eeo oo
] e e e o0
;IOOO ouoo.oooo:;;;;::::::::A
AAAAAAAAAAAAA:
A AAAAAAAAAANLALL
AAAAAAAALAAALAALL
12001 AAAAAAAAAAANALDL
AAAAAAALAAAALLL
A AAAAALALALNALALNLLS
AAAAAAAAALANLNLLL
AAAAAALAALALAALALL
1400 AAAAAAAAALALALALALS
AAAAAAALAALNALAALLS
A AAALALAAdAdaaa

(I, F1 L, ff1 5457 % b ]

(¢) Comparison of corner position in I, and I,

(b)Y BLELAK EIME 1,
(b) Checkerboard image I,

U/pixel
600 800 900 1000 1100 1200
500 1 1 1 1 1

6004

700

800+

V/pixel

9004

)
R A A A R '8

. 2
A a
4 »
A &
A a
a »
. 2
s 8
A 4
4 &
4 A
. &
. &

L A T R
LA N I S A S
LA N
DDDDD.DD....D
LA I
"PDDD»D»»»D;
"'Dbb-bbbn;.
AR S N
L R T NN
PR EEr e, .
""Dbbbb>.,,

1000

1100
(DI, AL AT E

(d) Comparison of corner position in I, and I,

Bl 8 MLELAS i H

Fig. 8 Comparison of checkerboard corner



1898 b

K% TR

%25 &

I 28 33 o s 14 R AL 2R 0 1068 7 A [) 4o
BLEEAR G 1 A L, W& 8 Ca) A1 (b)) I 7R, 43 3]
A 00 T W PR 1 L 8 A ) LR A A, 45 2R
Bl 8Co) Fran . M bR g H B A AL N 2 DL K B R
HROBLEAS A AR AR A BT L A L XY
LN S, 3k 2 Pron. miARdE= (13, 1, B
Xf AR HLAN 20T 1, P4 I8 Y RH AL A 2 D
Ko Iy AL, (R BY BES% 56 FORAE T L, XN Y 48
AL ERE AN ER 2 prows, R (12 A (13) B K
PR L SR AN S X L 5 1, TR
W AN B 22 TR A 22 AR /0 . R AL B4 Al s
E] AL AR FEBIL N 2 DL RT3 3K A5 1 A L A1 S8 B
EREE BRI b SR E 8D Fras, ml
LA W JEEE L b i A% A o5 % 3 KR
I, BLEEAS f s SEAR T A X 07 U A s 8] 7 -2
BEIEELE 0. 12 247 . RATHR ARG AL 2
FLA B kG B, NI IE B T ) AR S 4 5 1
() [R. T. |/ EERERE.

S E Xk

(1] M, xlpe-F. BTREAW-EYEELET]. 24
15 AL 4R, 2008, 20(15): 4069-4072.

YU Y., LIU X P. 3D object reconstruction using
vanishing points [ J]. Journal of System Simula-
tion, 2008, 20(15): 4069-4072. (in Chinese)

[2] BROWN D C. Close-range camera calibration [J].
Photogrammetric Engineering, 1971, 37 (8):
855-866.

[3] A#T &, xidhs, Bk, . MM CCD finzs LA

MBI LT RIEL) ], &5 2, 2015, 30(3):
505-513.
ZHOU QF, LIU J H, JU B,etal.. Geometric cor-
rection of oblique images for array CCD aerial cam-
eras [J]. Chinese Journal of Liquid Crystals and
Displays» 2015, 30(3); 505-513. (in Chinese)

(4] x4, 2%, &, 5. RAEZ6X0WRNIERK
MGARPLARE k[T, osb Sk T4, 2016, 45
(7). 0717005.

LIU W, LI X, MA X.,et al.. Camera calibration
method for close range large field of view camera
based on compound target [J]. Infrared and Laser
Engineering., 2016, 45(7): 0717005, (in Chinese)

[5] TSAIR Y. A versatile camera calibration technique

for high-accuracy 3D machine vision metrology u-

sing off-the-shelf TV cameras and lenses [J]. IEEE

ARSCAR T —Fh BT 4 e % S A B9 A LK
AGABEIRY 380 2o — XoF 31 56 110 A8 AR R e 7 F- A% A8 4 15 3
70 48 S LR AR AL A bR 2R I e 5 T e R e G T 6
2P G AR e, DT S B AR AL S 500K B AR E .
SR ARG 2 ARAT I A LN S R AR AR
ARG 1R 22 U7 THI IR T ok Ghm o I (HAE S B iR
SEVET A B . AR E AT AR AL F 22
AN A AR 4 S I S AN [ 7 A LA 2 0 A B
o ARAF YA S ER R IRZEL N 0. 12 pixel, RIA
SCRRE Y DL K 7 V5 B B R L

TE 2 BRI b, R A5 e 109 AH BB 5% 6 A8
e 2, AT LA A A Mo B R TR AL A L AR
P R A Y A2 40 06 22 L BE 8 S I AE R 0 — 15 5%
AT AL E A BLAN S 00K B 5 DA SE B X s
3l B bRz B AE B A &

Journal on Robotics and Automation , 1987, 3(4):
323-344.

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

(7] EE#4. Bm, M. EFRERFENEBZIA

PREJTEBIFEL]. AT AL B A, 2016, 52
(15): 190-197.
WANG ] Z, CHEN L F, LIU Y. Study of camera
self-calibration method based on tensor voting [ J].
Com puter Engineering and Applications, 2016, 52
(15): 190-197. (in Chinese)

[8] AR, M. —FFXUE 3 TH B3 H HHALER
L] & dh 5 27, 2016, 31(10): 958-966.
ZHAO Y F, HU ] F. Binocular self calibration u-
sing two pairs of orthogonal vanishing points [J].
Chinese Journal of Liquid Crystals and Displays »
2016, 31(10): 958-966. (in Chinese)

[9] HARTLEY R 1. Self-calibration from multiple
views with a rotating cameral CJ. European Con-
ference on Computer Vision, Springer, 1994.
471-478.

[10] 3=, RER, RKAR, F. HERL] LA
WG K i S AR E LT, k2 # 3R, 2012,
32(7): 0715003.



57

Joit [ AL 2 AR EREF- £ T A PLS Kb

1899

[11]

(12]

YUAN Y, ZHU ZH K, ZHANG X H,etal.. Im-
aging model and high-precision calibration of quasi-
concentric general theodolite-camera [J]. Acta Op-
tica Sinica, 2012, 32(7): 0715003. (in Chinese)
Wk, L [EE T ERE R T B ARPLI A 245
ELV]. =8 A %, 2014, 29(2): 147-154.

YANG ZH, SHANG Y. External parameter cali-
bration of camera mounted on a controllable rota-
ting platform [J]1. Jowrnal of Experimental Me-
chanics s 2014, 29(2): 147-154. (in Chinese)
AP, £Hk, L, FORHABICLIRN
SrIXEARBLAR E [T]. &5 # % T4, 2014, 22
(2): 259-265.

LIU SH G, JIANG ZZ, DONG Y H.etal.. Sub-
regional camera calibration based on moving light

target [J]. Opt. Precision Eng., 2014, 22(2):

259-265. (in Chinese)

(13] A&k, sse5t, kEf, . BtRFa4 U35

BESIRRAMRITLI]. A% H&E T4, 2011,
19(11) . 2671-2678.
ZHOU H, ZHU J G, ZHANG Z L,et al.. Design
of dynamic tracking and guiding system for laser-e-
lectronic theodolite [J]. Opt. Precision Eng. ,
2011, 19(11): 2671-2678. (in Chinese)

[14] k&EAH, k—, AL, F. HFAHRENFER
T R A2 []]. k¥ & T4, 2015,
23(11): 3090-3096.

ZHANG ZH L, LIU X Y, ZHOU ZH F,et al..

EEE

FEHA993 ). B LRI A, B
LWPFE A, 2015 4R T R AU HR TR
T LA SR BOR B RT3 120
Mo E R TR TR 54
AR 2 BEAE W AR TR R R AL
J5 AT 5T . E-mail : njustwangjiajie@

foxmail. com

[15]

[16]

[17]

[18]

Influence of turntable error on axis error in digital
zenith camera [J]. Opt. Precision Eng. . 2015, 23
(11): 3090-3096. (in Chinese)

B J s AR SR — Pl HE 20 S SR 22 A6 I B
£[J]. ko T4, 2006, 33(3): 17-19, 77.
LANG X L, ZHAO Q. New testing approach for
sighting error and non-perpendicularity between
horizontal axis and vertical axis for a photoelectri-
cal theodolite [ J]. Opto-Electronic Engineering ,
2006, 33(3): 17-19, 77. (in Chinese)

AR, § R, AR, FORHBELOAX R
KimbrE TALARMLLI]. k% #3242, 2014, 22
(8): 2267-2273.

ZHU W D, CAO L H, MEI B, etal.. Calibration
of industrial cameras using asymmetric circle center
projection [J]. Opt. Precision Eng., 2014, 22
(8): 2267-2273. (in Chinese)

R R, MEHE, AERA, FL BT IR AR
AP R RO; =g Ak bp i i [T, sh b =
2, 2016, 45(11) . 1117002.

LIU H Q. YANG LH, REN Y J, et al.. Large-
scale 3D coordinate measurement based on orthog-
onal cylindrical imaging cameras [J]. Infrared
and Laser Engineering , 2016, 45(11): 1117002.
(in Chinese)

STEGER C, ULRICH M, WIEDEMANN C. Ma-
chine Vision Algorithms and Applications [ M ].
Berlin: Wiley-VCH, 2008.

B £ (1966 —), B ILIHF LB A, 1H
+ L WS B 1 AR R, 4 5T 1989
1996.2001 473K pg 5t 3 T K 2% 2% + B
R A, 32 BT AT O AR B
AR BG4 5 KR AR,
E-mail: gghnjust@163. com



