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3D reconstruction of deep—hole inner surface using structured light

Ding Chao', Tang Liwei', Cao Lijun', Shao Xinjie?, Deng Shijie'

(1. Artillery Engineering Department, Army Engineering University, Shijiazhuang 050003, China;
2. Vehicle and Electrical Engineering Department, Army Engineering University, Shijiazhuang 050003, China)

Abstract: In order to realize the high precision 3D reconstruction for deep—hole inner surface geometry,
a 3D measurement system was built based on the structured light. First, the constitution and relevant
measurement principle of the system were introduced, the assertion was proved that the distance between
the image and the actual was approximately linear in a given range. The assertion lays a solid theoretical
foundation for the following measurement. Then, the deep—hole model object and the model in which the
corresponding inner surface was unfolded into a plane which were measured using the structured light.
The measurement proves the feasibility of the measurement scheme and the actual effect of the
measurement system. The measurement results show that the measurement scheme is feasible in theory,
the measurement accuracy of the system can reach sub—pixel in practical applications and the absolute
deviation is controlled within 0.034 7 mm range. Finally, in the actual measurement of the inner surface
of the deep—hole parts inner surface, the high precision 3D reconstruction for deep—hole inner surface
geometry was realized.
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Fig.1 Construction of the detection system
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Tab.1 Description of related equipment

Name Model Related equipment

Colour G/520 mm, spot diameter 22,

- V.
Laser source BX-PT20V5 LED related power 1 W

Infinite objective, resolving power
Camera lens BX-T0.3X110 33 pwm, depth of focus 17 mm,

optical distortion <0.5%

Maximum frame rate 140,

CCD camera resolution 656x494, size 1/3"
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Fig.2 Principle of system detection
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Fig.3 Relationship between distance w and actual depth x
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Fig.5 3D detection process of deep—hole inner-surface
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Fig.6 DIPM model inner—surface detection
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Tab.2 Image distance from stripe 8 to stripe 21

Number Di s?ance/ Number Di sFance/ Number DisFance/
pixel pixel pixel
8 28.931 13 28.893 18 28.692
9 29.568 14 29.164 19 28.889
10 28.612 15 28.245 20 28.628
11 28.679 16 28.533 21 28.896
12 29.395 17 28.610 - -
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Fig.8 Size detection of actual deep—hole inner—surface

Or AT R SE PR AT, ARUCR HII P 5231 0 U

(Order Statistic Filtering, OSF) Canny 3 i1 2 43
FIFN bwareaopen PREALER G, R UK 8(b)FTR

PEH XS A VE R AEPLE X, FRHRIX S A
FRBUTLO A AR IR ELZ TR, A& 8(b) TR 5 B L
T4 X35 B AN C AR IO 3 B3k, 2 B IXC 3k P 5
B AR R, AN 8(c) T 5 BT R B AL A
WA HLFBRZME LRGSR, JHE 4%
1, qnE 9 PR, %t G SEPRIR LS R BB P 26 i R
BEIAR, 2% = HERI RIS T % S 8B N R TH LB
RAGEA

-40
~60)

z-axis/pixel

—80
500

400

| 300

200

100

0300 600 500 400 300 200 100
y-axis/pixel

Ko Nk =4EE

Fig.9 3D reconstruction of inner—surface
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