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Three-Dimensional Shape Measurement Based on Single-Shot
Color Fringe Projection of Sinusoidal Grating

Dai Meiling Yang Fujun Du Xiaolei He Xiaoyuan

(Jiangsu Key Laboratory of Engineering Mechanics, Southeast University, Nanjing. Jiangsu 210096, China)

Abstract A novel fringe projection profilometry based on one snapshot color sinusoidal fringe pattern is proposed.
One color fringe pattern encoded with a sinusoidal fringe and two uniform intensity patterns is projected by a digital
video projector and the deformed fringe pattern is recorded by a color charge coupled device (CCD) camera. The
captured color fringe pattern is separated into its red, green, blue (RGB) components and division operation is
applied to red and blue channels to reduce the effect of non-uniform reflectivity. Shape information of the tested
object is decoded by applying an arcsine algorithm to the normalized fringe pattern. A simple technique is introduced
to compensate for nonlinear intensity response of the digital video projector. The experimental results and the
comparison with four-step phase-shifting method demonstrate the validity of the proposed method.
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Fig. 1 Schematic diagram of color-sensor response
i T IE 5% R L sin o 7R R « € (2kn—m,
2kt 1) (R NEEHD WAEAE — XA, Bl sin 2 =sin(x—
) s R — M A S IE 5% oR B A R SR SR . ST
sin & (HAE2 W Qkn—x/2.2kn+w/2) W B IH B,
MAE T 2 AW (2kr+ /2, 2k 37/2) PN B 5 156 U, 1Y
FEVE L IE MR 2R BORI (o, y) BN
arcsin[ g(x,y) ]
glx.y) € [—1.D
Tlx) = x4 arcsin[— g(x,y) ] “
glx,y) €1, —D
HE— 25 B ] A <4 37 551 T AR AT 4% B0 4 X AH
AL DT F A AR I = 4R TR
2.2 HFMIMBAMNAELEMEIE
XoF T SR FH B BSORH A% 1 52 4% B O A5
RGE B AU B R 5 R 58X IE 5% 45 B0 2 M i
th 5 R PR IC SRR O UE T A5 S o A M Y T AR
11T R RS R 0 857 A 55 A3, B I 1 i ™ Al
FETEAR LM th P B R T ORIE = 4R TE A5 i Y
RS0 RE L = N AN G2 R T — S AR T
AN SCHR 13 T4 H /Y —Fl B AU S 4% E ) 2 22 3 3
S0 T TR 14 T3 2o 52 96 b v g r 17 ) B4R H
TAMERA LR 22 1 A 4k R, SCHIRCIS T $& iy 17— Fib
FHOLE KM . 3K Sy AR I X R 4R 1 G
ATAE ) Ty ¥ s AT LA S — S A By i HL S R A
T R R XA AL AL B i SR, B A

0712002-2



W HE 5

B R R (0 1 5% IR R 1 = 2T A

SCPE T RIE B R AR Lk R R B IR T I
X — bl 5 ] B 5 R A ELRAE AR SO I AL
HT7 3k Al LUFR 9 Air Ak B85 % . Al Lk b 882 A
R G BR 2E 10 Jr A% 186 ol G 1R 22 7E I A B AP OOR
AR fE. J7 ks T

1) IE 3 R & oK 86 82 (A3 1) 2 — [ 4
T o 72 A5 A B R PR RE 1 K (el 10,20, 30,5 2+
G 2 255) IR CCD A BLIR] 25 R 4R 9 4%
W s 2 T PLBAT T AL

2)TE A 10 53 1 AR 4% ) — A/ X gl —
AN AR B R GETH T e R A0 BEAE L 75 B BOE AR i A
R JBE BB AR T RE B K RED 45 i K B CR 2R
VL 80 H Al 0 e 18 JRE ) D L X i A — i K B Bl
PEAT VU il AU 5 45 2 OREHE 3582 1300 i At il
ORI 2 Frasmgs R

3)IE] 2 S WAL R AN A o e O Al 2R
5 R o G SR A5 2 M 9 IE 9% AR S0IRL L gt i 3 AR
BLA A — > B SG BEE 19 AR LAk IE 52 45 SUIE 45 B
B0 F B AR LR IE » AT UG 240 58 56 1Y 1E 7%
G A B IR 2% SCIET S T S LA A I AR L IE 52 %

SURK BE AR 1 2 R Ay B AR A 19 IE 9% 4% SO K
JE IR BERE

200

150

100

Output gray value

50

0 50 100 150 200
Input gray value

Kl 2 LCD B2 00 B2 iy A% H i i
Fig. 2 LCD projector's response of input and
output gray values
3Ca) » (b) 43 3l g AHBIL R B 19 45058 4K I I
Je B8 B[R] — - A Y 25 208 B 3 Ced s (D 23 i) xk
NEF A TE R ] — DX 4% B0 BE 43 AT il £k
B 3Cb) . (d) A 45 A 2 AR S0 43 19 05 36 AR A9
WARG I KR 5 1Y 2% SCREAR 4 M PR HiE HE 1E 5% 43 A

ek
G

VA VAN

B3 BB AU A AE IERT () 5 (W) A LR R S BUER B 3 B AA” (O FIE 3(b) ) BB’ (d) {7 & A K BE 53 A

Fig. 3 Fringe patterns acquired by camera without (a) and with (b) applying intensity correction on the projector,

and intensity distributions along cross sections AA” (¢) and BB" (d) as shown in Figs. 3(a) and (b), respectively
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Fig. 4 Measured man mask (a) image acquired by color camera, (b) red and (¢) blue channels corresponding

to Fig. 4(a), and (d) result from division operation applied to the images in Figs. 4(b), (¢)
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Fig.5 Wrapped phase gray maps obtained by the proposed (a) and four-step phase-shifting (b) methods,

unwrapped phase gray maps of (¢) and (d) corresponding to Figs. 5 (a) and (b), respectively
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Fig. 6 Comparison of phase distributions corresponding to the cross sections (a) AA” and (b) BB’ as

shown in Fig. 5(c) as those of the same positions in Fig. 5(d)
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