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Abstract A fast reliability-guided phase unwrapping algorithm for digital holography is proposed. The value of
reliability is nonlinearly quantized to form a quality map. The phase is unwrapped reliably and fast by combining the
nonlinear quality map with look-up table operation. The residues are searched in the wrapped phase map, and the
maximum intensity of residues is set as threshold. The measured region is segmented to the reliable region and the
doubtful region by the threshold. A nonlinear quality map is derived by setting the reliability of reliable region to
maximum and setting those of the doubtful region to quantized value of intensity. Flood-fill algorithm using look-up
table is implemented with the nonlinear quality map to unwrap the phase map. In experiments, the speed of proposed
algorithm is about 68 times faster than that of conventional flood-fill algorithm and about 3 times faster than that of
branch cut algorithm. The experimental results demonstrate that the speed of proposed algorithm is significantly
increased and the quality of unwrapped phase is good as well.
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Fig. 1 Schematic of transmission digital holographic
microscope system
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Fig. 2 Sketch map of look-up table

2.3 FHMEEEXR

Xof AT RO SR AN ] 8 4 Ak 7 5K B R
TG A R AR . il FERE A 01
Gy, A R UK SR R AL 22 B (DAY, R
T3 B g e o AH 25 AR AL 3 47 78 0] JBUI  J8& T A 457 1Y
AEEVE R 2. TERCF 2R B U H A Y BE
3T AR v S I WG A 7 3 LU DG T L Y6
F18 588 B2 S U A 3 11 T R A A A T HLJE 2 G
ERGEEEH S H S PT LAdR R o V0 A% I 6 e
P A B 7 R L BT A LR SRR 1 A
BLGTEY OG5 AR A 7 #7725 22 s (B sD S it
XU TARL AR AR . ER R BT ARAL  h A
I 5% 2 A, PR LT 52 R Oy 00 Bk 22 s A A T
XF 4 AR R R

'go(i,jJrl)—go(i,j)}

L 2n
_go(i,j)—go(i+1,j)}:
L 2n
_g0(1+1,]) Zgit(z+1,]+1)}_‘_

oGt 1+ 1 — G+ D
- }(6)

AP INTL « D2 7R 0 foe 40 1) B BOBCE . 2 (6) 5K
BN 1 0l H R 4 NMRE P AR R

s(i.j) =INT +

INT

INT

INT

NEEFE R

WG WEYDEE B (E., TR ESGFETY
M 5 A 114 DX 38K 3 LR B 22 P B K 0k i i Dy
BUE . CREFF BRI AR R Cal {5 DX 30
(AT 5E FE B E N oK. iR RO A T 0 M {EZ
[E1] B4 0 00 58 (AT T 26 5 38 114 DXCIORR Ay Il T £ X380
PEAT AL (L b AR 256 G0 E b % s A 7
T B AT HE BE o 33X RE A 58 BT AR 2k AT SR R 1A R il
PR o BT AZAR LM T 5 BE L oR £ 3R Mk oKk 3k it
PR RETT A N A v L Y A 4R R — SR AR
AR YOS T RES B R AW R E R
A X TR IX L8 X I A Rk B AL O 250 R TT
k. T ATEEE AT 0 M K E 2 A AY X8, R
P $2 77 15 RT3 iz DX 358 Ak 2 ) - i i ] 5 B
4 73 FE R [R] I B e AR V2 R T Y T 522

SN Y &

KB 3 T 7m 28 B AR U0 S 36 R i A0 v 2
&M AN A L O i 2140 B K 3 D A
v W a BB AT S8 5 UE. B bR Ry
532 nmiE A 2 T A IS [ ABOG & 5 R AL A
1 1024 pixel X 768 pixel fl§ CCD, 4 £ R ~F W
3.45 pmX3.45 pm SLEG P, P T H 512 pixel X
512 pixel B X1 LK F 35 frame/s WY AR HJE . LL
HPE R I R Y S L . 0 X BRE A A i 2140
JiE K | T 6w BE T 5% 0% 43 A (33 WG R AT SE 5
AR T 33 o o A T 0 A TR ) S T B AR
FADL &I B ILBEAT T 8L

TG LA T A0 M AT L0 . R R AR
60X Kl FLA2 (NA) S 0. 85 FY i 13 W 85 E 17 18 1%
TR TR RSB I 60 %, BT 4 Ay i 21 200 i 42 5
AR EE R B A N EFE 2 B, (D) Y

3 EHTEE BMERAL

Fig. 3 Experimental setup for transmission digital

holographic microscopy
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Fig. 4 Imaging results of red blood cells. (a) Digital hologram; (b) reconstructed intensity; (c) wrapped phase;

(d) nonlinear quality map
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Fig. 5 Comparison of unwrapping results of red blood cells with different algorithms. (a) With DA; (b) with GA;

(¢) with conventional FFA; (d) with proposed method; (e) 3D map of unwrapped image
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Fig. 6 Imaging results of transparent grating. (a) Digital hologram; (b) wrapped phase
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Fig. 7 Comparison of unwrapping results of transparent grating with different algorithms. (a) With DA; (b) with GA;

(¢) with conventional FFA; (d) with proposed method; (e) 3D map of unwrapped image
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Table 1 Comparison of phase unwrapping time for

different algorithms (unit: ms)

Data Red blood Transparent
Algorithm cells grating
Diamond algorithm 17.7 17.5
Goldstein's branch cut algorithm 170.3 166. 8
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