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Theorem and Its Application in Phase Unwrapping
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Abstract Phase unwrapping is an essential problem in phase measuring profilometry. In this paper, phase
unwrapping is modeled as a congruence problem. Based on robust Chinese remainder theorem, the frequency
selection rule is proved by analyzing the uncertainty of wrapped phase because of the intensity noise. Then, this rule
is adopted to design the frequency unwrapping algorithm and the parameters are determined with high confidence
probability. After that, the closed-form algorithm of robust Chinese remainder theorem is employed to determine the
correspondence. Finally, the quantitative comparisons are implemented in our developed structured light
measurement system. The experimental results show that the frequency selection rule is valid, and robust Chinese
remainder theorem is less sensitive to the phase noise than the traditional Chinese remainder theorem. If the
frequency selection rule is satisfied, the accuracy of the unwrapped phase can achieve nearly 100% , otherwise, the
performance is deteriorated.
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Fig. 1 Experimental setup and measuring objects. (a)
Structured light measurement system; (b) girl;

(©) hands

PO ALK R R B 155 (95552 B2 R B 81 A
bR e L SR BLIAEE 500 K AR A XFHREAMR R T
ST REARUERE o R IR IEMR A B R Y 58 B AR i 22 5F
A—E AN 2 fras) . AP ES 1. 0408, i KE
9 14506, Hy T B M PR R WA A 1 110 b R

DR I B T o o4 22 e KA T 50 i 2 3R B FRAEL
12000

mean: 1.0408
10000+ max: 1.4506

containeer
(2]
(=]
(=]
(=]

Number of elements in each

0*,
04 06 08 10 12 14 16 18
Standard variance

Pl 20 A v 5 B W P b o 22 SRR A3 A [
Fig. 2 Distribution of the intensity standard deviation

in the whole image

FRIE b AR E0 AL Y 5 B L A0 8 SR B0
KIATHIEAE N 127, FIL, FEMB L N=3,#%
M (14) A1 158 max (1) <56, 1436, £br b, i T4
TR I B3 3R 22 5 5 AN B8 O UE 11 48 4 52 75 [R] — i [B11%
AR B R R . DR AR T R B LR A A
183 (1024 pixeD) i ] N £ 52 AL A Bk oE — 119 5 $2

T I R A G B AR G20 DN S G B R 0 B
WYL, AP RS EB RS T . =
3,0 =4,I=5,M=20, R4E14) X ] 15 98 il 5 {5
M EAE Bri, =11, 3, %0 F =0 M8 11 580 0 19 60 28 41
PLEAT SR AL U . 1260 B AR LR i A gt
e ] 9 S A B 8 DA A AR oy e

R AE T o AT A B 28 A A R AR A 0 6 i
PEAE N v DR A G0 B 55 SR A IE Wk . X o
WEHE ST A TR AN I R R A WS % Sk [21]. R
it o v 1 ) % B A7 S R B4 (A 0 A 40 22 OE
By L R A T E v iR 22 BBy M=20, L
DL Sk B L PE AN X M 25 5 . SR 1 6 T 3 AR 0 1%
WEMEL R S — M BB AEN R 24 =53,
[,=59,I=67,M=1 47 5, Wi Jr 1 0 4 £t
b [ R A B0 JF A A o SR RE P S T A R
3R . ARG A b B E N 7 i IE W R IL TR
100 %0 o T AS T A2 - FR o U B9 IE 8 AN 2 80%,
T 5 I A 9 S A A% G v A A LY
DB 5 b [ A E B AR (1/53, 1/59,
1/67) )4 28 AR AL 8 o8 X P L IE B R AN 3 SR 8
CE T 1 DL N 2% B 7 RO BRI BT s . | 1B 3 ml
FLIE B3R AR 5K X F R R 48 F 100, %5
B 25 AR WY 0 T [ RE A 30 2H 1 6 2 A A6 fdt e
T 2% 7 S T A 23 0 i K T A% e v [ 9 o B
b [ 0 8 PRAEHRP R A 52 B RESEAL

1.0
0.9¢
0.8r
0.71
0.61
0.5¢
0.47
0.3r
0.21
0.17
0

Girl Hands
Objects

Robust Chinese remaider theorem on the
frequencies: 1/60, 1/80. 1/100
Robust Chinese remaider theorem on the
frequencies: 1/563, 1/59, 1/67
Traditional Chinese remaider theorem on the
frequencies: 1/53, 1/59, 1/67

P 3 b5 ik B OE A R 4 2R
Fig. 3 Accuracy results of three methods
X TR PR 5 B B L AR RS AL
TR Az IERA AR DL 7 AR IR R R s S A
WRAS . 4 B ol AR A SAE R d Al 4 AT
LA AR L RV D) £ T R A O A 2 LR
A5 TR R R T s Sz L AE R 1/53,1/59,
1/67 W& i = e s ke BOR L HORA 451 52 1

1108009-4



kB,

e T ot T [ R A AT 5 1 5 o U)K R A R Az A 0 2 v ) T

PG IR D o 31X 2 PR Ay 25 AN il A ot o ]
(78 53 2% AT 37 B K Ry RO THE 5 BB A7 AE MR

RN LV ste YO PIVA Y Ra o 4 § 11,9 PRI LE 22 IO}
PPEZE =R AR R s A TR OR .

Pl 4 BTt v [ R0 A S ) 22 AAR o0 Ak £ 2 ol T (55 ) MR AR (18 60 50 55

. (OB 1/60,1/80,1/100,

A 1R BRAED 5 (o) i AR 4 1/53,1/59,1/67 , ANFF 45 45 22 1 B ot )
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are not in accrodance with frequency selection rule
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