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Three-dimensional shape measurement method based on

sinusoidal and triangular fringe projection
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Abstract: In the existing three-dimensional measurement method for the surface topography of
complex objects, in order to complete absolute phase measurement, it is usually necessary to
process at least 6 fringe images., which limits the measurement speed. A method for obtaining
three-dimensional shape of object by using two sinusoidal fringes and two triangle wave fringe
patterns was proposed. The two-step phase-shifting sinusoidal fringe and two-step phase-shifting
triangular wave fringe were calculated to obtain the wrapped phase, then the two-step phase-
shifting triangular wave fringe was used to determine fringe order. Due to the decrease in num-
ber of projection images, the speed of measurement increased. In order to obtain the fringe or-
der, the triangular wave fringe intensity modulation and intensity ratio were calculated. Com-
pared with the calculation of the phase, the data processing time can be reduced, and the meas-
urement speed can be further increased. At the same time, the influence on the surface reflec-
tance can be reduced, and the measurement accuracy can be improved. For measuring the
stepped standard block with maximum height of 39 mm, the maximum absolute error and the
maximum root-mean-square (RMS) error are 0. 045 mm and 0. 041 mm, respectively. Experi-
mental results demonstrate that the proposed method is effective and practical, the benefits are

seen in the high-speed, real-time 3-D shape measurement of complex objects.

W7 H#3:2018-01-15; f&[E H#1:2018-04-03
ESTH: BEEKARBFIE4E (61661034) ; VLPG 4 T A& 14 (20171BBE50012)
PEE A 5RE (1989 ), I3 TR {5 BN B E 78 2 A6 = e HOR BT S TAF . E-mail: 1576020068 @qq. com,



PGS 2018,39(4) B 4, A5 T IE 5% R = A i S S B 1 = 40 & 07 vk + 523 -

Key words: 3D shape measurement; phase-shifting; triangular wave fringe; phase measurement

5]

i

FUBE R 4 5 =4I 50 R
(975 1k 2R B R O R D B SR B B
P €y DB STIP 1 DG I R 5P S '8 A
JERA S B8t T T AE A R SR L A = A Ok
e B 8 40 A B A R S 1 i T AR S T B Y U
A A= N R o 7 NSRS N ESE O P g =B
o SN e R T | B TR A B I VN /R N
LA Tk . SR, D T Bl R Ok SRR AL
b T SR 2 A% H D AR S0 BRI T =
SCHRL2 4 7 — bl sl = 20 AH #8110 J7 15 ok 52 )
kG BE Y SE B = eI, SCERC3 4R T —F R
0 2 B0 Ty 15 DA IR 0 e R R (R 6 o
P 0] RORE B AR S 4 . Sck (4 088 s 7 —F 2+
1 AARS S 2 WRARES =/ 2 B IE 5% 45 SUR— R 2R
S BE SR BUR AR BN W R = 4ETE 50 R LS D TR AR
B g R R 2E . SCERES T8 T — B B
HAL G i A% S AR B J7 25, B IO 2 A 7% Ak 80T
G A AL R AR A g 05 S5 80 B AR BB, A
T X 28 5 vE K 2507 B 02 my 118, e B 72 4
B AR HURH A% vk o BT E 58 B A D) R B il B AR
50 F AR R T B B o e S S B L
TR Ry P Gs S A . B, O TR A
P b B JERE L 4 T — AR TR R L By = 4E
B, Miyasaka T Ml carrihill B SV T —Fh
FE T B L IR B A O s, AR B 2 R,
— WR R 1 B TR R — 1 AR R TS 2 S AR AR
18R Z 6] 0 5 B2 LE 38 2o 5 B LA B Y AR A = 4k
15 8o X 5 0 D0t A0 RE PR (HL0 A B AR, T
I SCHERL7 48t B2 88 U7 I A5 S0F0 = M AR L
f9 07 155 T AU /D BT AR W 7 0 0 S K BE 1Y) 52
I T TR T I B H AR A RN
BMEMPARBCREM I . SCIRLO T4 M 1 — Fb
FE TR 9 B L m9 BT AR RS 1Y 5 125 L 3% 07 BE I
ANEG XTI A BE S . SCERLI0 & M T —Fh
FET AR B LR RS AR = PSRBT k. R
TR 2 WS SO AT LLAS B 268 X AE A7 . AEML AT 7
AR B SCERC 1T 38 7 2 W IR K AR S0 2
Wi 5 S A A 1 B S ) 2% SO SR A B 2 AR AL
ARSI W] DL i 52 22 W iR R i JE A . Hyun

A NTHAR T — Bl A X A AR B T s B 3
W — S B R AR BURN 2 R AR AL G B 45 60 A1 I
FGE N JLAT 29 4% AR A IE 45 Bk SE BT RS
(AR A AL B2 . DR 1k — 25 B 0 R L AR 3
P& — Bl L T OE 5% A = A U AR SR ) = 4 i
Tk . MU T 590 1F 3% 4 SC 8 0 = 4 &y
BT R TR AR 2 IR AE 5K SR80 2 I = A
e A B0 AT LA B AT 2% 0 A A PR T
THIE = A Dk 2% S0 B R ) RS B X B R 5 5T
AHALAH EE o BT DAY/ B4 40 Ak 2 B[] L i — 20 4
N 5 L 7 e S S 4R R AT IZ
RIS . ARTEA AR BN /2 1 2 0§ 1E 5%
S BN 2 W = AR I 2 BORAS AT A A7 L 38 5k 4 45 A
B 1) = i1 4% BUR AR A Be gk s il ok = A 4
S 3R R X B SR SR A5 4% 80 9 YK RE /N 0 A 2 T IR
SRS,

1 MERE
L1 ZHNERGRE

1 = 2 )k R 25 SR 5 XL CCD
AIBLTHEHL 22 - T 45 4. 435 (UK U B 5
IE BB = 1 B4 80 CCD MBLTE 55 — J7 (24
S 4 T AL ) 1 22 I A

Bl Z#NERZRE
Fig. 1 Principle of 3D measurement system
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Fig. 2 Distribution of triangle wave fringe pixel
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Fig. 3 Wrapped phase and basic phase
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Fig. 4 Segment intensity ratio
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Fig. 5 Connecting segment intensity ratio
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Fig. 6 Wrapped phase and streak level

2 X

M RSl = &2 DLP 52 (3 H R 1024 %
768) H5H AR 8 mm Y AFT 4 3k F1 3 45 Ny
2.8 GHz W B B IC A A L. &b iE 515 3
MRS58 :.L=282.120 cm,d=27. 630 cm,
2.1 KERMNELW

HEAT A AR ARORT L 52 56 LA 56 HE iy 42 H 5 3% i AT
k. KA MR BE B 5 A O I BB 2 1000
mm, 1E 5% 5 S0OR = A S S0 JE AR O 32, 4
7O T iR . KR = dEd a2 g R 8
Jrn . B8 Cad fr 7y Fir 4 M O s = 4R 45 R
Pl Bl 8 (b T 7R g SCHR L1210 J7 i = 4 I 2 45 21
Bl S5CHR01210 J7 2 A0 b B = A 0 R B0
SRS A Y B A5 S0 A 8 () A 8 (D) 7

(a) PRifEHIETZ 2201 (b) brifible = i1k S e lel

(d) ZetAsfb 5 e SR o
7 WA SIS (a)F(b) ASTIRE B
FiE; (o) (d) Xkl 12]8 7 &
Fig. 7 Fringe patterns modulated by the object: (a)-(b)

(c) FrifE B IESZ AR 0

proposed method; (c¢)-(d) Zuo’s method



* 526 -

PGS 2018,39(4) B 4, A5 T IE 5% R = A i S S B 1 = 40 & 07 vk

=
S @
)
33

= B /mm
w
(=]
)
(=]

b
So
G

o

100
200

gaF
(a) ARSCIR 0 T 1

¥/ mm

0
100

200
0%00 TR
(b) SCHRI12189 75 1%

B8 MEM=-HERLER
Fig. 8 Reconstructed 3D results of object
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Fig. 9 Sinusoidal fringe and triangular fringe with objects
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Fig. 11 Reconstructed 3-D experiment of three standard gauge blocks
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