W57 19 ot 5 0t B OF ¢ o OE Vol. 57, No. 19

2020 4 10 A Laser & Optoelectronics Progress October, 2020

iz e gl e HST B2 — g e it il 4 )5 7k

DR, BEE NEE, RAR® 29T, R
Urp R R 2 R RO S TR IR A e . K 300300
Pl = YR By A PR A E] . W UM 311258

WE  EXPALEs &AL B 50 SR B R 0 e 5 5K L 42 S — P 3 F HSI(Hue, Saturation, Intensity) {4 % #5 1l
PR = A7 vk . B e 40 HST AR IF B 45 i = 4R B R 40, fli I 3 T LUT (Look Up Table) i 8 4%
TEJ7 X 6% B AT AR Z 5 X AR 5 B B 0 W 5 ¢ R FEAT AR E . FE A B BRI AU — MR (0 181 A 2R IR
O . AEAE G SR b B R 00 4 ) €0 J% TRIAR 52 3 2% S0k A R T 52 G €0 A R 6 2 L O 3 a4 FL AR 4L
B UE T $ 07 B 0 R AT M . e JE S R S ML R R SOLE o BEAT S AR IR AT R Ok SR R L A
ARy V5 RN A 22 7 B I TSRO AT X L SEER A R IR WY, BT 4R Oy i R A R AL B 00 DU S 2R I AT DA 4R

e &
KEIW W PSRN A S = 4ED R HSTER M2 SR8U R
hEHES V556.5 XEtPRERL A doi: 10.3788/LOP57.191204

HSI Model-Based Three-Dimensional Rapid Measurement
Method for Aero-Engine Blades

Ma Long' ", Qian Ruijie', Liu Yuzhe', Xu Hongyue®, Pei Xin', Sun Fengming'

Sino- European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China ;
* SHINING 3D Technology Co., Ltd., Hangzhow, Zhejiang 311258, China

Abstract To satisfy the high-precision and high-efficiency measurement requirements of aero-engine blades, a fast
three-dimensional measurement method based on the HSI (hue, saturation, intensity) color model is proposed
herein. First, the HSI model is analyzed to design a structured light-based three-dimensional measurement system,
and a look-up table (LUT) based color correction method is employed to correct the color crosstalk and calibrate the
mapping relationship between hue and depth. The proposed approach uses only one color pattern to obtain the hue of
a package. A color-coded color bar image is used on the discontinuous surface to recognize the fringe level and then
complete the hue unwrapping. The feasibility of the proposed method is verified by simulation. Finally, the three-
dimensional measurement of the rotor blades of a high-pressure aero-engine compressor is performed, and the
efficiency of the proposed method is compared with that of the conventional method of obtaining the wrapped phase
and unwrapping. Experimental results show that the proposed method satisfies the measurement requirements of
aero-engine blades and can improve measurement efficiency.
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Fig. 1 HSI color model. (a) Double cone model; (b) hue distribution
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Fig. 4 Comparison of projected images before and after color correction. (a) Before color correction;

(b) after color correction
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Fig. 14 Measurement results of aero-engine compressor
blades. (a) Captured image of blade; (b) color
pattern; (c) wrapped hue value; (d) color bar

code; (e) three-dimensional shape of compressor

blade
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Table 3 Comparison of efficiency of wrapped phase/hue

acquisition methods

Number of Calculation
Method

projected images time /s

Four-step phas
b phase 4 0.0198

shifting method
FTP 1 0.1027

Color three-step
1 0.0259

phase shifting method
Proposed method 1 0.0159
:k N
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Table 4 Comparison of efficiency of phase/hue

unwrapping methods

Number of Calculation
Method . .
projected images time /s
Gray code 6 0.0073
Proposed method 1 0.0146
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