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Abstract: A new method was proposed for the camera pose estimation based on specific geometric
properties of parabolic motion. The intersection of lines which was the projections of trajectories of a
free falling subject from different locations was first calculated. According to the nature of the vanis-
hing point, the intersection was proved to be the vanishing point of the Earth’s gravity direction.
Then, the equation of conic obtained by projecting parabolic trajectory on the image plane was solved
using Sampson approximation. Finally, under the condition of known intrinsic parameters, the camera
pose was evaluated by using the geometric properties of vanishing point and vanishing line hidden in

the projective conic. The experiments with numerical simulation as well as with real images indicate
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that the method is correct and feasible. By the proposed method, experimental results show that the

mean error of evaluated rotation axis is 0. 017 rad, and the rotation angle is 0. 007 rad, and the mean

error of translation direction is 0. 071 rad as compared to the traditional checkerboard method. Results

indicate that the proposed method can be used for camera pose estimation in computer vision.

Key words: computer vision;camera; pose estimation; parabolic motion; projective geometry
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Fig. 1 Pinhole imaging model
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Fig. 3 Model of pose estimation
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Tab.1 Comparison results of two methods
Methods Rotation vector Euis/ Eage/ (rad) Translation direction Error/rad
Chessboard 0.169 —0.749 —0.397 — 0.949 —0.157 0.272 —

experiment 1 0.197 —0.751 —0.401 0.031/0. 009 0.932 —0.145 0.332 0.064
experiment 2 0.160 —0.759 —0.393 0.015/0. 005 0.964 —0.140 0.226 0.051
experiment 3 0.161 —0.743 —0.402 0.012/0. 004 0.938 —0.234 0.257 0.079
experiment 4 0.159 —0.758 —0.393 0.015/0. 004 0.961 —0.171 0.217 0.058
experiment 5 0.178 —0.736 —0.399 0.016/0. 008 0.929 —0.261 0.262 0. 106
experiment 6 0.171 —0.742 —0.379 0.015/0.014 0.968 —0.127 0.213 0.069
Mean — 0.017/0.007 — 0.071

W1 T 404 2z 3l rh B B9 00 T R SR R4 1k

6 % & BT FCURLE5 TR R S v A T R LR A

AR SCHR A 0 W) 2632 B R A 1 B 5 LA 4 o
St T — A A A 2z S A T SRR PL B A BB
Tk TEREHLANSBE MBI T % EAR
it 2 ST T 25 M (5 B AL S B, R ikd)
PRASC A Hh ARz 3l i ) 2z 2, s AT LS8 A
BHLR AT . CEE NS T HRAEILE/N L

SR EAR T . e sl 5 B S5 Al T L
H AR BALLEAS S 500 S bR 5250, U B T A SC3 vk
(4 TE B R AN AT A5 . S a4 R B L AL G i A
BB AT AR B T R AR SOV A T e )
SRR 2508 0. 017 rad; AR 2R
0. 007 rad; V- & & J5 1] (1 °F H) 1% 22 Ry 0. 071
rad, X UL IL AT DL AT oF S LR 6 AR AL

AR AR A5 i S RL Y B A58, 45 1 IR

SE Lk
[1] FISHLER M A, BOLLES R C. Random sample

consensus: A Paradigm for model fitting with ap-
plications to image analysis and automated cartog-
raphy [J]. Communications of the ACM, 1981, 24
(6):381-395.
Z B9 4 &L PoP RS LR iR A (D], %
5 4R,2003,14(3) : 682-688.
WU F CH, HU ZH Y. A linear method for PnP
problem [J1. Journal of Software,2003,14(3);
682-688.
P Y R RS L] A%
A 4R ,2011,23(12) :2582-2587.
ZHOU W, XU H X. Method for camera pose esti-
mation [J]. Jowrnal of System Simulation, 2011,
23(12):2582-2587.
HARTLEY R I, ZISSERMAN A. Multiple View

Geometry in Computer Vision[ M]. Second edtion,

(2]

(in Chinese)

(3]

(in Chinese)

(4]

Cambridge: Cambridge University Press, 2004,
WANG G H,WU ] T,J] ZH Q. Single view based
pose estimation from circle or parallel lines [ J].

Pattern Recognition Letters,2008,29(7):977-985.

(5]

iDEAFAURg
(61 s, ik W 4, o, % T 1 k939 WL Dk 11

(7]

(8]

(9]

BAMLbR E AR LT] & % 4, 2012,32(9):
0915001.

YANG BW, ZHANG L Y, YE N, et al..Camera
calibration technique of wide-area vision measure-
ment [ J]. 2012, 32 (9):
0915001. (in Chinese)

$hat A IR E R, A T B AR IR 1 B B AL e T
WITILLT]. k% #h % T42,2011,19(5):1110-1116.
HAN Y X, ZHANG ZH SH, DAI M. Monocular

Acta Optica Sinicas

vision system for distance measurement based on
feature points[J]. Opt. Precision Eng., 2011, 19
(5):1110-1116. (in Chinese)

DANIEL F, DEMENTHON, DAVIS L S. Model-
based object pose in 25 lines of code [J]. Interna-
tional Jouwrnal of Computer Vision, 1995,15(2) .
123 -141.

BRI X RO F LA 2R B ALE S
Mw Lk ()] R 4% T42,2008,16(10):1982-
1986.

XIANG CH B,XIE D,LIU T H, et al.. A two-step
algorithm for estimating postures of cameras located
Precision

in different points of view [J]. Opt



5 4 3

FUMESC L A5 A 2z sh il TR % 3

1085

[10]

[11]

(12]

[13]

Eng. , 2008, 16(10):1982-1986. (in Chinese)
ZAB . LA ¥ 89 B kM JUa R
S RRAL,2011,77-79,378-382.

WU F CH. Mathematical Methods in Computer
Vision [M]. Beijing: Science Press, 2011, 77-79,
378-382. (in Chinese)

BEFR,EE HHK T, F. T =40 &M
FRGMXERSELI] £ % H%F T 4,2010,18
(10) :2244-2253.

TANG ZH Z, LIANG ], XIAO ZH ZH, et al..
Digital image correlation system for three-dimen-
sional deformation measurement[J]. Opt. Preci-
sion Eng. , 2010, 18(10):2244-2253. (in Chinese)
BOUGUET ] Y. Camera calibration Toolbox for
Matlab [ EB/OL]. http://www. vision. caltech.
edu/bouguetj/calib_doc/.

Feth b, 240 B, 50 F 4 BT RO B A R ER T
BEE 0 H A58 AR i [T 6 % 5 4R, 2012, 32(3)
0315003-1.

EER N

B3 (1987 —), 55, WAL B A 1
£ 2000 4F T Bk T B 2 25 182
EAAL AT g PR AR AL SR AL
MRS . E-mail: lvyaowen2005
@163. com

[14]

[1

b

i

HOU ] J, WEI X G, SUN J H. Calibration meth-
od for binocular vision based on matching synthetic
images of concentric circles[J]. Acta Optica Sini-
ca, 2012,32(3):0315003-1. (in Chinese)

RAE B, BT FPGA B9 [ CCD 498 3l Kt i 7
RGBTt ML) &5 2w, 2012,2706):
789-794.

ZHANG CH SH. Design of driving circuit for area
array CCD based on FPGA [J]. Chinese Journal
of Liquid Crystals and Displays, 2012, 27 (6):
789 -794. (in Chinese)

MR, HRW, KT, F. LT ADV212 [y
FBFRERGRITI]. & &5 2 5.2013,28(1):
105-109.

TAO HJ, HAN SH L, ZHANG Y, et al.. De-
sign of remote image collection system based on
ADV212 [J]. Chinese Journal of Liquid Crystals
and Displays.2013,28(1):105-109. (in Chinese)

FEIA971—) . H KM BN
B Bl A S0, 32 2 A 5 25 (] H bR R
W A b, 6 155 43 2R AR R O B A
(LN NI T TR 7

wangjianli@ ciomp. ac. cn

E-mail ;

(RILEFE REWH AREHEH)



