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Investigation on Phase Unwrapping in Dual-Wavelength
Digital Holography
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Abstract Two individual digital holograms are recorded by using two different wavelengths, respectively, and two
phase images for the wavelengths are obtained after numerical reconstruction. Subtraction of the two phase images
corresponding to two wavelengths can yield a new phase image for the beat wavelength. The final phase image is free
of 2x discontinuities after dual-wavelength phase unwrapping. This method is explored by numerical simulation, and
then a dual-wavelength digital holographic experimental setup is constructed. In the experiment, two lasers of
different wavelengths of 660 nm and 671 nm are used to make phase contrast imaging to a standard quartz flake and a
plano-concave lens. Continuous phase images are obtained by dual-wavelength phase unwrapping method. The
experimental results are in good agreement with the numerical simulation. The effectiveness of dual-wavelength
phase unwrapping is demonstrated.
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Fig. 1 Simulation of dual-wavelength phase unwrapping. (a) Phase image for 660 nm; (b) phase image for 671 nm; (¢)

subtraction of two phase images; (d) phase image for beat wavelength; (e) cross-sectional view of dual-wavelength

phase unwrapping
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PRI A% A 0 BOE 2 i 25 R HEH R S
(BED) J3 0 - i 5t Jm 2F A S i -8 4828 T 9ot i 4R
i iR D247 0 R e BST R OE A5 0 S AR . Z )
AR IO 1 il B AR R R — B o — il
WY R R YOG T — RAE RS E . Z AW
AL AR Ik 987 7 R B BS2 Ja i — B/
B AE CCD S8+ 35 3 glic sk Oy & B A . Xt
T LS AR G - T 30 5% P AN 7] K 7 4 B
Pl AP R — R N 5 — IR B SO B BiE A
AJEH .

3.2 LR

P 3R 2 0 3 X s 1B A1 1 A T 1M1 B
HEAT T AR AR L A L R S5 . X T 3B A 2O K
Bora B RE R OROGRE (T 5 3 5 )5 52 1 3fe #1071
T PN B B A5 0 i T DA B A R
HOAAALIET o X T A0 9 1 o 1 il 3 R A
SRR L H R T B RO T 2 H O R A
ALK CCD # 1 ¥E USR] 55 0 ' 7 A% 7 L DN IR 22
BEF o — A /N AR TG (DR 225 0 R A K SR
F1 K e JEL PR A L P B A 38 19 AR 62 23 433 73 531
B 3Ca) M Ch) Bz« al LA 2 B e A 22 51 5& 1 £

1009001-3



ot ¥ 2 1

AN FRZ N AL AE . B 660 nm P K 75 5 1Y il A A7 PR AR i 50 T JR A L AR 1S 660 nm B K X
MM EE L 671 nm PR AF R QMO R AL AL 2 & 671 nm A6 R Y AH A
GER AN 3Co) FraR 6T A 0 SO O 42 2 S5 ML 3 R AR DRSO 45 S A A 4 2 S0 K k0 1
153 S0 K A 1 3D TR AT VBRI AR

HEHMCER2EI. K 3(e) & E 3(a) ~ (DY

3 e mm3 e
2
1 e S
¥ E £
S 0 ¢ 7
g Ut =
ﬁ -1 & A
-20k =
-3 .‘%e
9
. © Y
£ 6f
w9l
g0l . T~ ‘
oo 50 150 250 350
E x /pixel
(AN}
g £ 50 150 250 350
< x /pixel
£ £ o= P
[~n] L
(9]
- S P N O
~ 50 150 250 350
g x /pixel
& af
ﬁ‘ L
(5]
82 . \ . . . s
£ 50 150 250 350
x /pixel
(e)

B3 pRiEAF R LS R . (a) 660 nm PR AT BN AY AL 5 (b) 671 nm ¢ A5 1 A ML 1A 5
(o) AHBBUR AR BT 5 (D) 25008 A (AR 18T 5 Ce) U8 AR A7 fife £, 28 5 % ) T €]
Fig. 3 Experimental result for standard quartz flake. (a) Phase image for 660 nm; (b) phase image for 671 nm; (c)
subtraction of two phase images; (d) phase image for beat wavelength; (e) cross-sectional view of dual-wavelength

phase unwrapping
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Fig. 4 Experimental result for plano-concave lens.

(a) Phase image for 660 nm; (b) phase image for 671 nm; (c)

subtraction of two phase images; (d) phase image for beat wavelength; (e) cross-sectional view of dual-wavelength

phase unwrapping
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