$£61% F10H/2024 E5 B/ B EXBFEHRE

iyt Bl B FFIHRE

TR AL e s B LB T 1k
A A, LIRS, £-F

T 2 a0 X R S A A 4 TR S S g EE, K 300072

WE DUs k2 o AR 00 A i M 35 1 4 5 20 )RR Ak R R B SROZE At () BN SOk 2R FNORG BB, ) Bl A T g
TR PR . TR R B AR BCHR R Y = TR S A T vk e L v R N R AR AT S R R 1 = 4 R A
14 1 Bl 2 1k B O B, (P8 4 A iR 1Y) 2% BCH% 5 TNy 1k T B 2 ot N i K A5 7 0 A L 4 AT KR AR, .JHSH/J\U“EFJ
e AR ot 54T 2 T Sl A R R A A VD IR A B S B T OR £ £ SUA R 11 Rk B A R 3 T I A 7 i O R
 BUBY WD B Aﬁ%ﬂmé@’éﬁl%b&/ﬂkﬁ AL, JE R R P R Y — R R 4 4 i E 7K & é;‘c[’«fl$D~fﬂm
E L B — 45T 50 A — A6 5 1k R AR 4 D 35 1006 23 M 5T 9 5% ), B TR €0 4 50 1 6L 4 U T A 67 I AR 935 1] 44 AR 437 T
JC AR B AR ML o T 2 O 1 0K P R R 00 sl A O 3, AN 2o T ot 4 5 A S A b i B S 2 1 R I ] R S R A
BN Age e

KEW W S4UESINE; BOASLER, LML S

RESES TH741 XEIRERS A DOI: 10.3788/LOP232455

Dynamic Line-Scan Profile Measurement Method Based on
Color-Encoded Structure Light
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Tiangin 300072, China

Abstract The advancement of intelligent, extendable surface measurement, exemplified by high-speed railway and track
detection, necessitates improvements in on-line measurement, efficiency, and accuracy. This requirement presents a new
challenge to dynamic performance. Multiframe measurement methods using stereoscopic line-scan camera systems
facilitates high-resolution and high-speed data acquisition. Similarly, the three-dimensional shape measurement method,
which employs fringe projection with line-scan cameras, facilitates high-resolution and rapid data collection. These
methods are advantageous for achieving high-quality three-dimensional reconstruction of extendable surfaces in motion.
However, a robust fringe projection measurement method requires multiple frames to obtain accurate phase information,
leading to low encoding efficiency. Thus, reducing the measurement period and decreasing the number of required image
{rames remain critical issues for enhancing dynamic performance. To mitigate these challenges, we introduced a dynamic
measurement method for extendable surfaces using stereoscopic line-scan cameras and color-encoded three-frequency-
fringe projection. We employed composite stripe projection based on color-structured light to minimize the number of
projected patterns and three solid color images for effective crosstalk compensation. We sequentially projected a color-
encoded sine fringe and white patterns onto the object, incorporating one-dimensional background normalization to mitigate
the influence of the object’s surface optical properties. This enables the acquisition of unwrapped phases based on color
encoding information. Pixels in the images obtained from both cameras that share identical unwrapped phases are identified
as corresponding pixels. The proposed method effectively exploits the dynamic capabilities of line-scan technology, thus
achieving high-quality contour mapping through two frames and facilitating texture mapping.
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Fig. 1 Schematic of the extendable surface measurement system based on color-encoded fringe projection and stereoscopic
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Fig. 3 Measurement model of stereoscopic line-scan cameras
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Fig. 14 Images of the router obtained by left and right cameras
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Fig. 15 Point cloud and details of the router. (a) Point cloud with texture; (b) heat map point cloud reflecting height information

(a) (b) Z fmm
23.147034

11.573517

-11.5735617

-23.147034

K16 & )m Tk (a) S  (b) s = D 4 2R
Fig. 16 Metal workpiece. (a) Photo of the object; (b) point cloud measurement result
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Fig. 17 Measurement point cloud and standard point cloud of metal workpiece. (a) Before registration; (b) after registration
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