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Position and orientation measurement system based on
monocular vision and fixed target
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Abstract: The position and orientation measurement system based on computer vision is extensively
applied on robotics, motion control and precision detection systems. Using the minimum hardware
resource, a localization system based on mono-vision and manual planar target was designed and the
method of image matching and position resolving was also studied. Firstly, the object detection based
on image matching was used to get the coordinate of the planar target in image. The matching was
based on SIFT features and projection estimation to detect the target in image, and then the accurate
coordinate of the target’s center was calculated by some inherent shape information. A number of

image samples were used to validate the accuracy and robustness of the image matching algorithm.
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Secondly, a new method to solve the PnP problem based on the rectangular distribution was proposed.

The method uses the locations of target control points in the image coordinate system and the object

coordinate system was used to get the relative position and orientation between the moving object and the

camera. The experiment was conducted on the 5D precision displacement stage and results show that the

system can achieve the accuracy level of mm in the range of 800 mm, which meets the project requirement.
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Fig.1 General picture of the vision system
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Fig.2 Planar target and its feature diagram

HUBRAL PR 22 OXyYoZy H5E NF o LABEART7E -
T4 XYy 00, B Py, Xy I NPP, , Yy TPy |
Z,, 07 ) AR 1 1 FR X SR Y SO KA
2.2 $BEREYHE

TE 5 I PG oA R 2 M A, SR P2 F RS
DT 5, T SRR RT IR PR % A A
TR, LM UESR I AR 8 SR A Sk
ol W AR R ST L B R R G
K Lo —IEKVE, L, 5 L Z 8 K 5 51 e, HBCE A
RIS p
x' h

h, h

11 12 13 X X
y'=lhy hy hy |-y |=H|y (H
1 0O 0 0 1 1

P o) AR R 1, PRl B AR AR 5 (" y ") A i
PG 1y TP OXE R 9 A A 5 H DA TSR ] 9 BRSNS B

3 590 AL T AR AN 0 P 5 b B BORRAIE I3
A AT C P SR SR A RS R [ H, S ST AR R AE
R PR P XS AR

F 28 1) TR, o A5 B P AR A s 4 )
01 3R AR AR (), (58 T SRARE H RS 4 ) 7 Ao 00 1)
BB AR (3 y," ), S A AR, A TET 3(a) BT,
HARSZBUE BT Pridk

0427003-3



9Nk TAE

5 4 3

www.irla.cn

% 46 %

|Test image ID” Reference image /,, }7

| Image preprocessing |

Extract SIFT features and
produce feature vectors

Match feature vectors (x,,y,) can be acquired
through KNN matching algorithm || through hough transform

Solve the mapping matrix H
through RANSAC method

(x,'.y;") can be acquired by
Formula (1)
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Fig.3 Flow chart of target detection
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Fig.4 Issue of 3D position and orientation measurement
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Fig.5 Diagram of target detection
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Fig.6 Test image for pose measurement
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Fig.7 Position and orientation measurement results
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