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A Novel Camera One-Dimensional Calibration Method

Li Yaowen' Liu Wei* Xu Xiping' An Zhe'
' School of Optoelectronic Engineering, Changchun University of Science and Technology,
Changchun, Jilin 130022, China

* College of Geoexploration Science and Technology, Jilin University, Changchun, Jilin 130033, China

Abstract Aiming at camera calibration with one dimensional (1D) objects, a new mathematical model of a novel
method for camera calibration is proposed, in which the world coordinate system is established with the 1D object.
Generally, assuming that the 1D calibration object is located along the X-axis of the world coordinate system and the
1D homography matrix between 1D calibration object and its image plane is defined. The basic constraint for 1D
camera calibration from a single image is derived. The closed-form solution is estimated by linear least-square method
based on the basic constraint equations and the final calibration results are obtained by minimizing the projection error
of the points. Simulation results with real experiment show that the proposed method is valid and feasible. The
experimental results indicate that compared with traditional method, the proposed novel method has the characteristic
of higher closed-form solution precision and the image coordinates of the fixed point are not needed to be estimated
when the fixed point is invisible.
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Fig. 3 2D object rotating with a fixed point

4 ASC 1D bRE
41 WERET

é\
B By By
B=:K 'K'=|B. Bxn By, (14)
Bi; By By
A
hiBh, =[h? 2h.h. h% 2hihy 2h.h, hilb, (15)

KHFb=[B, B Bwx B Bx Byl'. FEI.H—EM 1D AR 1D bR E B 3EA 2 5 7 2
(1OXATAERH

vib=1, (16)
Xbdt v =[hrt 2hihy hE 2hihy 2hohy RE1T. BIREAE 1D AREYANRIZER o f@ALE A
Vb =L, an

A L=[1 - 11".VEUARFEMEy" HITm AR n X6 4EH M, R =6, W17 0Ltk &/
sk N

b=W'V) 'V'L, (18)

#7 b LR AL Cholesky 734 BE B AT LIS BIFEFE K ' /.. XA SEIER K &G —1T08 N 1,
Kt K File. AT DAAR S 2y s off o , 96077, B (O =XAG 7156 @ IR IS i 4 500k

ro=t.K'h,, t;=tK'h,, (19

BRI b 2 T A B A 51 ) L Ol B ) o, F T TSR AR AR R A RS (M) [ DRI X T R — i R [

to NOEONE R, H SR TR R S AR AT e R —E W R A L IR R

1215005-5



e, i — 2 Ak ot BRI £, B
ri _i :
ril_m’ t—n;t,o (20)
4.2 JELMMKL
2 M /N e At e = BH A Y LA B S AT MR RS AR AR B AG TR S RIS B LR . L B 2R
LA T L — DAl 45 2R .
25 1D FREYI n TRALE L FE 1D AR EY LA m ASFRic . B BARIC A5 4552 UG S ek Sr Y 51 1)
M 7 T Y % DU S 85000 e RARLSRAG 11 BT LA LA I A8 b 0 R B 5% 15 22 e/ S H A eRER T B A 9 RS
BEIREN
Ei Hmij*’;'ij<K’rnatan>H ’ 21)

K my (Korg ot M) RRAORITTESBEE  EE P 1D bRiC sl M, B85 EUR AAs br . B0 k) i
ra AT DR A S8 B3R AR AR RO X PSS 8000 3 K- £ 0, MEE B R M o BATEEE LT 1D 3
SEYVTERAGHLV IR R T HTTE . ro 5280, Mo, KRN
riy = [sin0;cos ¢; sinf;sin¢, cos 0,-]'[‘0 22)
DRI NMEA 2, & — AR LM LAk a8, 7T LR ] Levenberg-Marquardt 3% Q£ A 503501 5k
fiff . ZIEMEETE—DWIRE . 4.1 4. 25 BT AR SChR e kR AR AN AT 4 TR

start

capture N images of the 1D object rotating
with a fixed point

I

| for each image 7, detect the feature points m,;
| compute 1D homography H; by Eq.(5) |
| compute IAC matrix B by Eq.(18) |

]

obtain initial intrainsic matrix K, by cholesky
decomposition and compute (r, t,) according
to Eq.(19) and Eq.(20)

[

refine intrinsic matrix K by minimizing Eq.(21)
using LM optimization algorithm

end

&l 4 AU R
Fig. 4 Flow chart of the proposed method

5 PIESYER
5.0 ABMIERE
{5 LU LB RHLAG P9 550k
1500 0 1000

K=| 0 1500 1000 |, (24)
0 0 1
Sk WA S RO 0 SARHLIr B N 2000 pixel X 2000 pixel. 1D FRE W AN 90 cm. 18 1D b 5E W) 1531

FH T b5 09 55 BE b5 00 20, [ 8 BE e ol BDHE B A AR R A R U E BB PL AL AR R R Y 3D A bR 1 =
[0 50 2001", 1DAREY T 0K ERERARIRZSE O, Ao, 45 NI 515345 (0,27, 0.870) Fl (wy 270) FPREHL

1215005-6



ot % Es i1

FE . i Ead AR ARSI A B INA RER BE D 0,77 2200 o Y i 0 MR L DUBR E 4 R S B B
FIRD AR X 158 22 S b 5 G B AR AP AN A v o AH 32 6 Qo0 DRI 22 BTSSR o RARESTAN A v B AT BT 1) UL
Ay 8 3010

B B PR VARG AR SCO7 1 B S E . DA 3 AT 1T 0 A A SOOI IO A RE G B2« W 7 /K L B LR 1Y
Bk 1D bR W) B RIARIC RO . 53 A 0 T RN T UL A SO AT T 05 B M O S SOk 107 ik R AT
TIH#.

1) G K P X b 5 A JE 114 52 )

T = A HARIC K AT AE 1D bRE W) b bn e BRE R D 50, T R I B B A L T 22
& M0 F| 2 L 0.1 pixel BB KA . X FAE—A 1 E /Y & 5, b5 458 0y 250 YOM L S5 (19 F 24550 b E
SERANPE 5 B, o 5 Ca) A Cb) 23 ) D 7 SCER ik ) SR PR Al T 285 2R RTAR LR PR AL A 25 28 L 181 5 Cod AT (D 73531
NS 25 SCHRL LT TR 3k i R Al T 2 SR AR A A &

3.0 ‘ 0.35
3 a 3 i
ézs() i é’o.so@———
g | 20950
S 200 R g 0.25
8 Ll o 5020 o
. il | 2 0.15 -t
= - §- _— - - - — - =
= Lo | g 0.10
& 05 % fw@@f‘ & 0.05|—

et beeihys 4 OB 2SO A
04 08 12 1.6 20 0 08 12 16 20

Noise level /pixel Noise level /pixel

Relative errors /%

T A T AT AT TR )
Noise level /pixel Noise level /pixel
P 5 WS ZKOST- X B o R BE 19 5 i
Fig. 5 Performance with respect to the noise level on calibration accuracy
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Table 1 Calibration results with real experimental images

Method fu I Y u, v,
Groundtruth 1383.3 1382.9 2.35(89.90°) 351.44 206.31
Closed-form 1420.2 1427.3 —0.57(90.02) 413.65 181.74
Proposed Error 2.67% 3.21% 0.21%€0.12°) 4.50% 1.78%
method Nonlinear 1376.6 1377.5 4.38(89.82%) 339.39 211.86
Error 0.48% 0.39% 0.15% (0.08") 0.87% 0.40%
Closed-form 1437.9 1430.8 —1.89(90.08) 409.16 246.82
Ref.[11] Error 3.95% 3.46% 0.31%(0.18% 4.17% 2.93%
method Nonlinear 1376.6 1377.5 4.38(89.82%) 339.39 211.86
Error 0.48% 0.39% 0.15%(0.08") 0.87% 0.40 %
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