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Abstract: Due to the problem of insufficient dynamic range, which may cause image supersaturation and
low fringe contrast, traditional fringe projection three-dimensional (3D) measurement technology makes it
difficult to obtain complete and effective 3D profiles of objects with non-LLambertian surfaces. To enhance
the adaptability of structured light 3D measurement, we proposed an improved high dynamic range (HDR)
3D measurement method using line-shifting strips, which were more robust than sinusoidal fringes, as encod-
ing patterns. A strip contrast model of complementary line-shifting strip sequences was constructed for opti-
mum contrast detection of different color channels responding to light intensity. Subsequently, a color cam-
era could be used to capture a color image sequence in a single exposure time to synthesize new line-shifting
strip images, avoiding invalid or error data introduced by insufficient dynamic range. Finally, by using back-
ground normalization to unify the background of different channel components of the synthesized image, the
line positions could be precisely located through complementary line-shifting strips. This allowed for the ac-
curate demodulation of line encoding information, enabling 3D reconstruction. Experimental results demon-
strate that, compared to the multiple exposure method, the image acquisition time is reduced by 82% and
the total reconstruction time is reduced by 59%. The proposed method can demodulate the effective line en-
coding information of metal workpieces with complex surface reflection characteristics to obtain the complete
and high-accuracy 3D point cloud, achieving efficient high dynamic range 3D measurement.

Key words: non-lambertian surface; high dynamic range; color image synthesis; complementary line-

shifting strips; 3D measurement
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Fig.1 High dynamic range 3D measurement with complementary line-shifting strips based on color image synthesis
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Fig.2 Line-shifting strips encoding and decoding scheme
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Fig.3 Monocular line-shifting strips measurement system

3.2 £EIHNE

T AR R A 0 4 B R AT TN A,
B IB T EGR K 4(c) iR, LR T
J7- 4 1A 9% g S B R — 380, 100 3K i 3 % i
AT AT MR — X B AN SR
) 8 PG B X I ) = A 20 €038 3 T 9 [ 44
&l 4(a) 4(b) Fron , W @G b al LIE 3] S IX
By P A5 ek DA R ARG s DXk P45 5 B e A A B
FTE A EE P AR R OUEGER I T AR
AL, IF H A R X R 508G AR
THW R . B 4(d) ik af 21 G0 E TR T
15 AR AR L BE B . 2l 1 = A 38 T A AT LE
FMRAER 4(d) b AL B, C =AU (X6 e h
e, ool 4(e) ~4(g) B CE B UL W11l
i) o M AT LAE W, =/ 38 38 X L B A AN )
B DX ek 5L PR S 25 S A DX T [ A R



3294

b= S K Y i % 32 %

S 23R 3 v A DX, 2% Xl €530 T 19 PTG SR g A
WE BEA i (038 3 R A R B G, B A 20 (5
I8 B IR A B G, R A X LE BE P45
2 0,300 08 HL A B e YO0 LU BE 5 B XX e ) [
J S A AR B DX, 32 DXl €938 1 A R LG R e
fe T A TR G 2 RS 2% S0t B M 5 C DX Rz

Blue

BN [5 J  vg B DX 3, i €0 38 G R % (3 0 )
B 25 G il T o B 5 O LU RE BRI T AT 4 3
IH A PR B i W, B AT B e B X FERE o DR AR Al
Fic AR X L R AT X#?Iglél(d)tljidJ/\H‘JA,B,C*

A DI, 23 B AR B 4Tl T Y R
e Bl 2 AR

Green

© — Blue channel ® —— Blue channel (2
—— Green channel LOf ——Green channel 1ol
09} —— Red channel ——Red channel :
A=A A A 0.8k
o o5 .~ 0.8F
= = =
S o6r S o04f S
0.2F 02
03F 0.0 0.0
1300 1315 1330 13451360 1375 1156 11711186 1201 1216 1231 1
Region A/pixel Region B/pixel
&l 4 2&%% G A8 TE R O L A (a) (b #HHL%*EEH’AAXT11¢FQ£IZ
o) WA W M4 8 18 Fr; (d) = A3 (0 38 i
%ﬁ%E%%
Fig. 4 Each channel image and contrast distribution of line-shifting strips.
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