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Application of improved branch-cut method in

speckle phase unwrapping

Zhou Yong, Shao Heng, Nie Zhongyuan, Yang Yaodong, Liu Zhanjie
(Beijing Spacecraft Manufacturing Factory Co., Ltd, Beijing 100094, China)

Abstract: In order to realize the engineering application of the branch-cut method in the phase diagram
unwrapping of laser speckle pattern interferometry, and to solve the problems of dense branch lines and slow
calculation speed caused by the interference of external light, the degradation of laser performance and the
undersampling of local points taken by cameras, an optimization and improvement scheme based on Goldstein
branch-cut method was proposed. The residual points were regarded as "electrons" with positive and negative unit
electric quantities, guided by electromagnetic force, and eliminated by phase smoothing or increasing phase jump,
thus reducing the number of branch lines. At the same time, GPU parallel computing technology was adopted to
improve the processing speed of high-resolution and large-size phase diagram. The simulation experiment and
actual measurement data show that the unwrapping diagram quality is better by the improved branch-cut method.
For the 5 million pixel speckle phase diagram, more than 98% of the residual points can be eliminated by
electromagnetic force, and the branch lines can be reduced by more than 90%. The processing time can be
reduced from the previous 15 seconds to 1.5 seconds, which meets the engineering application requirements of
high quality and quick unwrapping by branch-cut method.

Key words: branch-cut method;  laser speckle interferometry;  phase diagram wrapping; ~ GPU parallel

computing;  electromagnetic force guidance
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Fig.4 Examples of removing residual points guided by electromagnetic force. (a) Original phase diagram; (b) Processed phase diagram; (c) Residual

points in original phase diagram (885); (d) Residual points in processed phase diagram (14); (e) Branch lines in Goldstein unwrapping branch-cut (1 047);

(f) Branch lines in improved unwrapping branch-cut (19)
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Fig.6 Simulation diagram. (a) Speckle pattern; (b) Phase diagram; (c) Phase diagram with residual points
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Fig.7 Comparison of the two branch-cut methods. (a) Branch lines in Goldstein branch-cut method; (b) Branch lines in improved branch-cut method,

(c) Unwrapping diagram in Goldstein branch-cut method; (d) Unwrapping diagram in improved branch-cut method
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SEATTHIE, A B 1R T AUAG IR, 75 B R B
FHF 2k Py B2, B i ) B B (B R, &4 Bk
TEIR, BN RAL B 3% 22 50 22, AR T BUE LA /1N,
ST TCRAG I, FE BRI IR] . SEG A B 0.0002~
0.0005 5 Ry A 3di , [F] B i B 0 A 0 Uk 50 By % )

(4) GPU FH AT 5, SR GPU JFAT I3
FERBUR 2 1 e B i b B, B R A NAE S
GPU W77 W] i £ 5 . GPU ¥.0 5 A7 ) A 15 By . 2%
T By Hh 52 oy 77 A0 2 5 R A B 15 4 SR W A ) Y 33
5, ik DAAEE E S, Mg A
F R4 GPU T PR A M5 o S0k S B i = m]
W/ GPU 5 CPU MBS 1368, A 31 W e 6 22 iy 441
TUAR B 1AL 26 2 B2, Al AR 4B CRAAN22) 5
TP G I . Ak, PEREAS R 1Y GPU A LR BUR
[Fi) 1) B 32 AR 1030 3 RORS 88 =2 ) IR Al . ) 1 il
B GPU, AT LAiE Y BEAAE B 2K, R IE R34
L 208 984 308 9/ DR U B T R v D D R B, R
SR X T RERSR AY GPU, AT LLSK F 4N Butterworth
VR T8 108 0 A5 R AR it R ] B AR A Y U U Ak
SR PEIA5 Ah BE A S
4.2 SEIRIHIE

F4 HET0 v JR D BY U)ECBE TN R 4 (WLIA 8),
K 78 [¥] Basler scA2500-60 pm Ty AH#L, CCD # i
R, 83k R FHAERE R 12 mm, ¥R RS 179
H 7% moritex 453k, JEi R HE K R 532 nm (1) LA
LIRS, FEUY) A 500 mmx300 mmx30 mm., 2 I
Kl 0.5 mm 5757 42 58 B2 1) e 6 I 2 25 # s o 3 A
HN 1B A @40 mm, @20 mm Al @15 mm (14 = Fh B
JBE 1o
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K8 RGMERE . (a) MEF-5 K55 (b) 0 m RS UI%E B (c) $elly)

Fig.8 System measurement device. (a) Measurement platform and scene; (b) Michelson shearing device; (c) Measured object

W bRt R 5, ORI ) A, B 5 AR
R 2 T YL B8 1) ARG, A 2 T o B S AR, R Y
A M B 1 U B BIL AT AR b o R T S R R 45 4
500 JIf& % (2592x2 048) HYHIBEIE . i U AR
MRS, FHREORAFHIN B . SR IE AR SR IR0 ik 4
1 20 IR, A BIE MWL . DOZ B A,
SR FH A% G4 U0 3 R S A AR R B B U0 ik R A i
H ., BRI RE 9 iR,

MIEL 9 T LA H, D fif A B 505 DR A -
WLZE 1) e 4 14 057 AR/, AEAR AR oA ik A ) 2 3
R TR ATIEAT T AR 22 SRR AL B, B A5 R E UL

PP BRSNS, G B R A

FE 7 1, BT intel i7-6500U CPU@2.5 GHz At
FH 2% . NVIDIA GeForce 940MX@1004 MHz ., %
JH B — CPU EIM& 5 AA ] GPU JF 4735 W Jr
2, XTI 9w i R HEA TSR AR AL . DB L A0 4R,
1 N EUR A BFERT A5

F TSR AL D8 U5 AH X ik 4 2 A 3422 i O 7 L,
He AR DA BANRZ SR G B, 115 CPUL
GPU Z [AIE 4l A2 5.0, S T+ 3% . >R GPU
FEAT TS A BB [R] Y45 6 #E 1500 ms LA, Wl /2 T
G RS L P A Y TR N T

K9 BUNAMAE . (a) LTHT 4 TREEEEL (b) LTEE 4 IREBEEE; () RIRFIRLIE; (d) s8R AIALIE; (o) B UL (9) B R B

AL

Fig.9 Unwrapping by branch-cut method. (a) The four speckle diagrams before deformation; (b) The four speckle diagrams after deformation;

(c) Original phase diagram; (d) The phase diagram after filtering; (¢) Unwrapping diagram by traditional branch-cut method; (g) Unwrapping

diagram by improved branch-cut method

1 ACELETE SR

Tab.1 Computing time of phase diagram processing

Time consuming/ms

Operate Parameters
CPU GPU
Phase calculation S million pixels 719 148
sin-cos filtering “3x37, 20 times 17571 403
Branch-cut unwrapping 89 residual points 1142 901
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