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imaging under structured light illumination
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Abstract: An incoherent digital holographic imaging system based on the Michelson interferometer with structured
light illumination is proposed, which uses a spatial light modulator (SLM) to realize horizontal and vertical cosine
grating illumination patterns to improve the lateral resolution of the imaging system. Using MATLAB software to
carry out simulation imaging and numerical reconstruction, the high-resolution reconstructed image under the
system is obtained. It theoretically proves that this method can effectively improve the resolution of the incoherent
digital holography system. And build the corresponding incoherent light self-interference digital holographic imaging
system. By imaging the USAF 1951 resolution target, further verified the applicability of the super-resolution imaging
method based on structured light illumination experimentally.
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Incoherent light F P,
source

SLM P, Lo

F: filter;

P+ P,: polaroid;

SLM: spatial light modulator;
BS: 50:50 beam splitter;

Lo» Lyv L, convex lens;

M~ M,: mirrors;

CCD: charge-coupled device
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Fig. 1 Incoherent self-interference digital holography system based on Michelson interferometer

Wi 1 e, #E CCD Ta Y 4 8 B 5E 4 A7 T LA
FORRPREE R ST BRI B, YRS
JEREAIRY, CCD 1 2 S B P A 42 B K ] R A

P (7, 6,1, 01) = [g(ro)‘l (ro, <Pm)]®FPSF(’”9) (1
Kb g(ro) HURRIEREE S35 L(ro, ) HESHIGHY
SRIE T RE @, WARTZICHHREES(E, m 5L
MBEEE, m=1, 2, 3; “@ XREFL Fs(r, 0,) N
RGP R, 0, A B KB R, n hEE
EIRARRE L8, n=1, 2, 3.

ARSI B Sy AT R AU ] 43 B R R Y PRAR

1 RS AT, R A GRS T (e ) R
ik
| Iyx[1+ cos2ukoxo + ¢n)]
L (ro, o) = { Iy x[1 + cos (2mkoyo + )] 2)

e L NS AT ROERE . B— R, AR
B I, =1/2; ko FIMZRIAEEFERER
= ) TR G R AR Fose(r, 6,) BES v

FPSF(r,e,,)=‘Q L Q(—f)w( )Q(—%)@Q(i)z
REYERT]

Jfaitk s, B Qb)=explinb(x*+7°)/ 1] #
RO, A e SORIR OB, b AR
I

LRGP T BB — 5 YR A p,, TR
=skR S BIERD Ay(r, 0, ©n)« ho(r, 05, ) F (1, 65,

@n), NI X =M R F g g5
BN EEER RN
P (7, ) =yt (1,61, ,,) [€Xp (—i65) — exp (=i6) ]
+ R (1,63, ) [€xp (—i6,) — exp (=i65)]
+hy (1,03, 0,) [exp (=i6:) —exp (-i0)] . (4)

TEAUSZS 8], k4 B
H, (k) =G (k)® 1.+ Forr (k)

=G(k)®1, [6 (k) + %e'i""‘é (k+ko)

1.
+§e'¢"’(5 (k—ko)

* Forr (k)
1 .
=I, [G (k) + ze Gy (k+kg)
1.
+ EGI%GA (k—ko)} Fore (k) , Q)

Krf: kT 4ezs W A AR R H (k). Gk). L5F
TR h(r, @n) gro) L(r, @) B9 B b A8 He s
Fore(k) G2 3 BREL, S HUR AL Fosi(r, 0,) 1)
(AR o SRR K EREL . G(k) Fore R 17%)
MRS B A GIE . AR I I A i R NZ
4t OTF MR, & RGBSR k. TG IH TS
B I ] Kk IS koo Gor(kth) Fore 1 G-y (k—ko) For
FRH TS IANYIER, -1 HEEE,
%u%ﬁ%ﬁﬁ%%%@ﬁ%mwkkm%mm?

e E B RGN ZIRAR G, G5HOL Y 23 ] R
ko B RN R GBI ko, T2 MDHE RG0S (R

HER—Af
XF TR BB P AR RS, T LR

210451-3


https://doi.org/10.12086/oee.2022.210451

HASAS, 2 G T A, 2022, 49(7): 210451

https://doi.org/10.12086/0ee.2022.210451

AT Sy B BV B, =0°, @, =120°, o, =240°(%}
SR =5k A 4 B RS R Hy(k) . Hy(k). Hy(k))
Kb = A AR BT
1
G (k) Forp (k) = A [H, (k) + H, (k) + H; (k)],

2 . )
Gy (ki ko) Fore (k) = 5 [Hi (k) + €% Hy (1) + & Hy (k)]
0

G-y (k=ko)- Fore (k)= 3310 |Hy (e Hy (k) +e 7 Hy (k)|
(6)
S T Goi(ktko) Foren G- i(k—ko) Fore Al

GK) Fore 1L AR ] — A8, ZEARLAG (4 HL 25
(3 5 T HEEA T RS (3, 783 00 L 1 5 19 735 450
R

F {F (G (k+ ko) Forr (k) exp(_li;f“)}

=G (k) Fore (k),

F {F_l {G_i (k= ko) - Forr (k)} - eXp(_iZtkor)}
T

=G_ (k) Forg (k) . (7)

)I%' G (k)'FOTF’ G+1(k)'FOTF il G—l(k)'FOTF Hﬁj}ﬂﬂ
BN, AT A, R E AN

h(r) = F'{(G (k) +2G,, (k) +2G_; (k) - Fore (b)} . (8)

3 RRITEMLEER

31 RBFEER

&2 Sk A% 9 Ik ——f USAF1951 43 3 F A
(2048 pixelsx2048 pixels), i HH MATLAB % 37 {jj
RY, WHEARGRSECN: BUEKA=632.8nm, f=
£=150mm, z,=150mm, z,=152mm, /,/2=222 mm,
L,/2 =220 mm, z,=z,=80 mm, LR EKE D=
1.2 mm, 3 5K4ERIWMEBER N0, =00, 6,=120°,

a 2 3 b
o = .. s
2111 M U2 f.=m m =

=2 M=
S M[zg(n=: faS M pey B
y= 1l | =

3
s=1II

w= E o
8=l

s= 4
s=m =)

-‘2
=,

B2 mGUIR.
(@) 2% (b) A (a) FAEAR 69X K A%
Fig. 2 Object image.
(a) The resolution target; (b) The enlarged image in the box in (a)

0y = 240°, SPHERRA HRGHFTE, BRI
RanE 3 Fis.

[ 3 BT v R AL AR T A T R
RGEAEBCPDCIBI T G5 5458 . 15 3(a)~3(c)
535k oy BE AR AE A LAE 6, S 0°, 120°, 240°) 3
KA EE, & 3(d) 28T =R A AR
FE EAEERNERE, &3 M 3d) PR
HE P RO TOR EMG, DIME T 405 W b . B Fpa]
M. RETUSPES 4HE 3R, HHER
20.16 Ip/mm. 4] 3(f) K 3(e) & 4 445 3 L E 58
il

[l 4 BT v R AL AR T A T R
RGAEGH IR (B B . BARR Sy
AJE: B, LI () KPR A 2(a) 523 R
R ky =15 Ip/mm 5% CHHAHSE,  BI AT A5 209 0
PIPIRINIE 4(al), 4(b1) BoR; R0, SlfE =46
WHERS (B, ol 00, 120°, 240° FELDIIGE] 3 5k 4 HA],
— I8 o sk B X Q WERAN T IMESR
XA, BILME] 18 ke B BRI =R
Be. ARG S B L E MR E R . RRIZK
BTSRRI, AR BUR O EEE R AN 4(c) s .

LMK ) BSR4 E) A 4(a2),
R R] LU K5 ) L RERS 0 B B /N RS S
M 2 T6E, SPPER N 35.92 Ip/mm, T 7E R 17 1]
RERE 0 A fe /NLATS 56 4 4158 3 00K, RN
20.16 Ip/mm, 7KFJ7 o HERde s, 14 4(a3) hy 4(a2)
HE S 2156 2 JTTR AR AR N . gk By )
O, 52 F A 4b2), MK RIE B E
J7 M REAE 4> HE R S /NS S LB 2 TR, arEER
A1 35.92 Ip/mm, i 75 %8 B 7 [n] BE NS 0 BE 1) fe /N 2LATY
S A4S 30K, PR 20.16 Ip/mm, 5] 4(b3)
Tl 4b2) ThEE S A5 2 JUE MR A . K
e & ME A RE 4(c), ML HKF-J7 0]

RN 0] B 43 HE R Y 35.92 Ip/mm, SEFLT 9
RS

MBS AT LAF i USAF1951 43 HER
WRAEI S RIS R G853 P32 20.16 Ip/mm;  TEH
N 15 Ip/mm [ Z5FE BB N R G HER R 35.92
Ip/mm.  AATTTAH LATE B R FH A5 F4 00 BE BTAH L3 5000 IR
W] LR i iR RGP

3.2 KIWHER
SEMC IR T 01 ve /R T A B AR T B T

2104514


https://doi.org/10.12086/oee.2022.210451

A, 45 HL T2, 2022, 49(7): 210451 https://doi.org/10.12086/0ee.2022.210451

—— Horizontal line
0.6+ — Vertical line
E}
©
§0.4 3
3 @
C
o
U £0.2
s=1II \ 2
— — 0 . . . .
s=Ill ”l_ ' 10 20 30 40

Pixel position

B3 HRBIAT PR A At
(@)~(c) ##FEM A =B L ER; (d) AL (e) B (d) ¥ EAEA KB,
() B (e) F ¥ & & KAE N 4958 E oA wh 4,
Fig. 3 Simulated imaging results of the resolution target under uniform light illumination.

(a)~(c) Holograms with three phase shifts of the resolution target; (d) The reconstructed image;
(e) The magnified image in the blue box in (d); (f) The intensity distribution curve of the blue dashed box in (e)
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Fig. 4 The simulated imaging results of the resolution target under structured light illumination.
Horizontal direction: (a1) Object image modulated by cosine grating; (a2) The reconstructed images;
(a3) The intensity distribution curve of the blue dashed box in (a2);

Vertical direction: (b1) Object image modulated by cosine grating; (b2) The reconstructed images;
(b3) The intensity distribution curve of the blue dashed box in (b2); (c) The reconstructed image in both directions
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Fig. 5 The imaging results of the resolution target under uniform light illumination.
(a)~(c) Three holograms at different times; (d) The reconstructed image; (e) The magnified image in the blue box in (d);
(f) The intensity distribution curve of the blue dashed box in (e)

210451-6


https://doi.org/10.12086/oee.2022.210451

HASAS, 4. St TR, 2022, 49(7): 210451

https://doi.org/10.12086/0ee.2022.210451

K6

——Horizontal line

061 — Vertical line

£l

®©

20.4 -

‘@

C

o

£02¢
0 L L L L L

2 4 6 8 10 12
Pixel position
——Horizontal line

06r — Vertical line

E)

©

}0.4 -

)

c

2

£02¢+
O i i i i i

2 4 6 8 10

Pixel position

TR IRE e M BB T P M0y I mRAR LS R,

ko =20 lp/mm: (al) E&1%; (a2) B (a1) FEEAEN R K B (a3) B (a2) F I &8 KA R 4952 E 0 w25,
ko=40 Ip/mm: (b1) L& (b2) B (b1) F & EAEN 693X KB (b3) B (b2) F 1k &% KAE M 4932 oA i 4%,
Fig. 6 The imaging results of the resolution target under structured light illumination of different frequencies.
ko, = 20 Ip/mm: (a1) The reconstruction image; (a2) The magnified image in the blue box in (a1);
(a3) The intensity distribution curve of the blue dashed box in (a2);
k, =40 Ip/mm: (b1) The reconstruction image; (b2) The magnified image in the blue box in (b1);
(b3) The intensity distribution curve of the blue dashed box in (b2)
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Incoherent self-interference digital holographic
imaging under structured light illumination

Zheng Mengjie, Du Yanli*, Huang Songtao, Liu Xing, Li Puran, Ma Fengying, Gong Qiaoxia

The simulated imaging results of the resolution target under structured light illumination

Overview: As a super-resolution optical imaging technology, structured light illumination technology carries an object’s
high-frequency information into the optical system in the form of moiré fringes through structured illumination,
breaking the diffraction limit in traditional optical imaging and improving image resolution. An incoherent self-
interference digital holography based on the Michelson interferometer can accurately record an object's phase and
intensity information. It has the characteristics of fast real-time, non-contact, non-marking, three-dimensional imaging,
etc., and has essential research significance in biomedical imaging and materials science. In this paper, an incoherent
digital holographic imaging system based on the Michelson interferometer with structured light illumination is
proposed, which uses a spatial light modulator (SLM) to realize horizontal and vertical cosine grating illumination
patterns to improve the lateral resolution of the imaging system. Perform simulation and verification experiments in
uniform and structured light illumination mode to explore the high-resolution imaging results of the resolution target.
We obtained in simulation imagings: First, the resolved minimum element of the resolution target is Group 4 element 3
(20.16 Ip/mm) in Figure 3(e) under uniform light illumination. Then, the algorithm is used to modulate the resolution
target to realize the structured light illumination mode. The resolved minimum resolution element of the resolution
target is Group 5 element 2 (35.92 Ip/mm) in Figure 4(c). We get in the verification experiments: First, use the algorithm
to generate a mask with a value of 1 on the SLM to adjust the illumination mode to the uniform light illumination mode,
and the resolved minimum resolution element of the resolution target is the Group elements 4 (45.25 lp/mm) in Figure
5(e). Using another algorithm to load cosine gratings of 20 Ip/mm and 40 Ip/mm on the SLM to adjust the illumination
mode to structured light illumination mode, the resolved minimum element of the resolution target is Group 6 element
1 (64 lp/mm) and Group 6 element 4 (90.51 Ip/mm) in Figure 6(al) and Figure 6(b1). The applicability of the super-
resolution imaging method based on the structured light illumination to the incoherent light self-interference digital
holographic imaging system based on the Michelson interferometer is verified from the level of simulation imaging and
experiments, and the resolution of the imaging system is improved. In the future, it is necessary to comprehensively
consider the system performance, optimize the system structure, study more effective numerical algorithms, and realize
super-resolution imaging, dynamic imaging, color imaging, etc., to obtain more excellent development space.

Zheng M J, Du Y L, Huang S T, et al. Incoherent self-interference digital holographic imaging under structured light
illumination[J]. Opto-Electron Eng, 2022, 49(7): 210451; DOI: 10.12086/0ee.2022.210451

Foundation item: Natural Science Foundation of Henan Provience of China (18A140032, 15A140038, and 16A140035)
School of Physics and Microelectronics, Zhengzhou University, Zhengzhou, Henan 450001, China

* E-mail: duyanli@zzu.edu.cn

210451-9


https://doi.org/10.12086/oee.2022.210451
https://doi.org/10.12086/oee.2022.210451
mailto:duyanli@zzu.edu.cn
https://doi.org/10.12086/oee.2022.210451

	1 引　言
	2 原理分析
	3 成像仿真和实验结果
	3.1 成像仿真结果
	3.2 实验结果

	4 结　论
	参考文献

