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Seed Point Unwrapping Algorithm Based on DCT Algorithm

Guo Renhui Li Jianxin Zhu Rihong

(Institute of Electronic Engineering and Photoelectronic Technology . Nanjing University of Science and Technology

Nangjing . Jiangsw 210094, China)

Abstract Phase-shifting interferometry is widely used in the surface measurement of optical elements as its high
precision. The phases obtained from phase-shifting algorithms are wrapped between — = and =. The algorithm based
on the region growing theory (seed point algorithm) can realize phase unwrapping of connected regions with high
precision. The algorithm based on discrete cosine transform (DCT) algorithm can realize phase unwrapping of
rectangular region. In practical measurements, the valid region of test flat is often non-rectangular and separated. On
the basis of analyzing the advantages and disadvantages of the above algorithms, the seed point unwrapping algorithm
based on DCT algorithm is presented. Firstly, the wrapped phases are unwrapped totally with DCT algorithm.
Secondly, the wrapped phases of separated regions are unwrapped with the seed point algorithm respectively. Then
they are unified with the interference orders obtained from DCT algorithm. The experimental results show that the
algorithm overcomes the disadvantages of the seed point algorithm and DCT algorithm. It can unwrap the wrapped
phases obtained from separated interferograms correctly and quickly, and it is more stable and more precise than the
two algorithms above.

Key words measurement; unwrapping algorithm; seed point algorithm; discrete cosine transform; separated
interferograms
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Fig. 1 Simulation figure of the wrapped phases
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Fig. 2 Flow chart of the seed point unwrapping algorithm based on DCT algorithm
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Fig. 4 Two-dimensional unwrapped wavefronts obtained from unwrapping the phases of four separated regions by different
algorithms. (a) Traditional seed point algorithm; (b) seed point algorithm that the separated regions are not unified;

(c) DCT algorithm; (d) PCG algorithm; (e) seed point algorithm based on DCT algorithm

# 1 ARFRETTES B BIE PV (R RMS {8 (7Y X 4843 2
Table 1 PV values and RMS values of wavefronts obtained from different unwrapping algorithms

(four separated regions)

Unwrapping algorithm PV RMS

Traditional seed point algorithm 0.038x 0.008x

Seed point algorithm that the separated regions are not unified 0. 2692 0. 055
DCT algorithm 0.121x 0. 019

PCG algorithm 0.122x 0.021A

Seed point algorithm based on DCT algorithm 0.107x 0. 020X
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DCT algorithm and the DCT algorithm ( four

separated regions)
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Fig. 6 Unwrapped phase difference between the phases

obtained from the seed point algorithm based on
DCT algorithm and the PCG algorithm ( four

separated regions)
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Fig. 7 Interferogram with six separated regions
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Table 2 PV values and RMS values of wavefronts obtained from different unwrapping

algorithms (six separated regions)

Unwrapping algorithm PV RMS

Seed point algorithm that the separated regions are not unified 1.041 0. 2092
DCT algorithm 1. 397 0. 357

PCG algorithm 1. 2912 0. 3551

Seed point algorithm based on DCT algorithm 1. 3282 0. 3592
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Fig. 8 Two-dimensional unwrapped wavefronts obtained from unwrapping the phases of six separated regions by different
algorithms. (a) Seed point algorithm that the separated regions are not unified; (b) DCT algorithm; (¢) PCG
algorithm; (d) seed point algorithm based on DCT algorithm

100

100
-
0.15 90 ' 0.04
80 e \ 0.10 75
0.03
E‘ 60 0.05 E.. 60
S . h = 0.02
0 45
40
‘-, 0.01
-0.05 30
20 5 0
20 40 60 80 100 20 40 60 80 100
2 /pixel x /pixel
K9 FHTF DCT Fk kA 8 m i e Ao 5 B 10 3T DCT & 5= myFh T 5 15 5 59 i 4 hr 5
DCT 583545 21 i) fift A A 7 22 25 O K4 B5) PCG B9 2 1 i B AH 1 2 25 OS K384 8D

Fig. 9 Unwrapped phase difference between the phases Fig. 10 Unwrapped phase difference between the phases

obtained from the seed point algorithm based on obtained from the seed point algorithm based on

DCT algorithm and the DCT algorithm ( six DCT algorithm and the PCG algorithm ( six
separated regions) separated regions)

UL EPA G F 0] LB L F PSRBT DCT Jkmsh 7k btk DCT Bk /. 5 PCG
i f oy g DS B B AR AL T DCT Bk M iR SRR A Y . B PCG Sk R
ZEBR(EB RN G R ZER) . PCG HIL T
B DI i A, (H T AT 2GR Re R 4 4k

i
K AU Al fE 2 B A BB B Ol & T

A3 Fift 7 sk 2 R DCT 8032 19 1 i i Hh %

0212006-7



g3

i

BEXS 73 B X e f 2 AH A A i R IR RELL B i T R T
DCT SE M Bl 7 i M AL L 500k . IRk R &k
T PP R T B e L S BT R R R G
SRR AE T DCT 83k 42 )5 0 A 19 45 5 LA e
SE BT B TE R B PR s ik T PCG L AL
HRRF (] PIE A F T BE A BE Wi S5 i S o ST 2 R
W] T DCT 53k 1 Bl AR AL 4 53 3k mT LA
7 A HRGE L R R M S B oy B DX W R L Y A
(2

5 F X

1 Zhu Rihong, Chen Jinbang, Wang Qing et al.. A new algorithm
on phase shiflting interferometry —— the overlapping averaging
4-frame algorithm [[J]. Acta Optica Sinica, 1994, 14 (12).
1288~1293
KA, R, £ F & BHTERG—FMFE®. TN
B ELT]. kIR, 1994, 14(12) . 1288~1293

2 Hou Lizhou, Qiang Xifu, Sun Xiaoming. Analysis and
comparison of errors in several phase-stepping algorithms with an
arbitrary step [J]. Optical Technology, 1999, (5); 7~8
BSL IR s E . INGERE. JURME B0 IR 0 HEAR B 0L R 22 4
Fr5xlelJ]. e gH A, 1999, (5): 7~8

3 Mark D. Pritt. Comparison of path-following and least-squares
phase unwrapping algorithm[ C]. TEEE Geoscience and Remote
Sensing, 1997, 2. 872~874

4 Liu Ke, Li Yangiu. Phase unwrapping of interferogram with

obscurations in phase-shifting interferometry [ J]. Acta Optica
Sinica ,» 2009, 29(7) . 1812~1817
X ve, AEHEK. BEAH T W R b A G T 9 A A LR
[J]. &5 54k, 2009, 29(7) . 1812~1817

5 M. A. Herraez, D. R. Burton, M. ]J. Lalor e al.. Fast two-
dimensional phase-unwrapping algorithm based on sorting by
reliability following a noncontinuous path[J]. Appl. Opt. , 2002,
41(35): 7437~7444

6 Justo Arines. Least-squares modal estimation of wrapped phases:
application to phase unwrapping[J]. Appl. Opt. , 2003, 42(17)
3373~3378

7 Zhu Rihong, Wang Zhigiang., Ding Xuxing et al.. An improved
wave unwrapping algorithm based on the region growing theory
[C]. SPIE, 2002, 4929: 1~9

8 Dennis C. Ghiglia, Louis A. Romero. Robust two-dimensional
weighted and unweighted phase unwrapping that uses fast
transforms and iterative methods [ J]. J. Opt. Soc. Am. A,
1994, 11(1) . 107~117

9 Hui Mei, Wang Dongsheng, Li Qingxiang et al.. Phase
unwrapping method based on the solution of discrete Poisson
equation[ J]. Acta Optica Sinica , 2003, 23(10): 1245~1249
SN, ERA . BN S BT BHON R Jr R AR AR AL R T U7
HI]. B3R, 2003, 23(10): 1245~1249

10 Qian Xiaofan, Zhang Yongan, Li Xinyuet al.. Phase unwrapping
algorithm based on mask and least squares iteration[J]. Acta
Optica Sinica, 2010, 30(2): 440~444
BRIBEL, BRaK D, 20T 55, kTR e/ 3R AR AH 0L i
ME KD k2 2R, 2010, 30(2); 440~444

11 B. R. Hunt. Matrix formulation of the reconstruction of phase
values from phase differences[J]. J. Opt. Soc. Am., 1979,
69(3): 393~399

EERE AT

0212006-8



