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Research on Super-Resolution Scanning Imaging Method for
Lensless with Dual-Line Array

TIAN Dian, YU Ning-mei,ZHOU Guang-lin, LI Na
(School of Automation and Information Engineering , Xi’ an University of Technology, Xi’an, Shaanxi 710048, China)

Abstract: Aiming at the problems of the low resolution in lensless imaging systems and the reconstruction distortion
in single-line array scanning imaging systems, a super-resolution scanning imaging method is proposed for lensless using a
dual-line array image sensor. The cell’s velocity can be measured in real-time using the space-time displacement of the du-
al-line array, which provides accurate parameters for the reconstruction. Considering the system characteristics of optical
wavelength, diffraction light path, cell sample flow rate, pixel size of the image sensor, tilt angle, and frame rate, the scan-
ning imaging model of the scanning imaging system is established. The factors affecting the imaging quality of the dual-line
array are analyzed, and the image reconstruction model of the dual-line array scanning imaging system is established by co-
ordinate transformation and scanned image interpolation calculation. By synthesizing the two models and taking the strip
pattern as the simulation object, the imaging characteristics are analyzed, and the feasibility and effectiveness of the dual-
line array scanning imaging system are verified theoretically. The simulation results show that the spatial resolution of the
scanning imaging system with a dual-line array is at least 2.8 times higher than that of the system with an area array, and the
SSIM and PSNR are improved by 5%~15%. On this basis, a scanning imaging system for lensless with a dual-line array
was built, and the microspheres, red blood cells, and white blood cells were used as test objects to test the system. The re-
sults show that the problems of the reconstruction distortion in single-line array scanning imaging systems can be solved
with a dual-line array scanning imaging. The mean diameter error of 20 pm microsphere is 2.04% between the scanning im-
aging system with dual-line array and the area array imaging system, and the characteristics of red blood cells and white

blood cells are more obvious under the scanning imaging system with the dual-line array.
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y,=(1— AS,Jd, )1~ AS,/d,), i=123.4.
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[ 7 E A Y 00 110 2R AR50 18, O LAk 7 2R A58 18 N AR
4.2 HEKKER S

LR BRI BN 31 B, i A 7 wl/min B, X
20 pm GEERIEAT I . G0 19 s, SRy sk i ik 45



2512

BT

E 2022 4

(a)  ERPELIIREE 5 () ERME2i s

150

()  HMIFTH EIER (c) TV AT ST 5

(o) EMATHHKEEE (N TEEEATERE E

B#RM

140
120 A

100 B SR

—mE
Big

50 100

L&
(&) HrMEEA 421%%{?‘121 t

150 200

50 100

&S
(D) WA SR 2R R AT

150 200 250 300

200 120
100 PR Ty I IR S aa s waavisas
tlil} ”‘ “.‘, m . sl \71 "r
o iR AR Y ARAMM S snd 3 oL |
ng 100 4 “‘f\’/“ \ J\MWIWW E 60 |
sk 40 | — WP
jo ) p— %ﬁé'iﬁ 20} } — Tk
il J} il PR (4

50 100 150 200

B
() RTHHE R B R E R L
15

[COEERYSS

16 R AT R S R I 5 5

AL 19(a) (BT 19(h) Ry WUk R4 P45 o B ek
F4) G 1000 T T 25 2R PET 19 (e ) by BA.28 B 0 4y 1) £ 5 1
18, B 19(d) hy SR T AL B AT S LS . PT AR B, %6k
BRIEE AR 53Ry 8 A X[, B DX RIS A7 SOk AE 12 X ]
B0 Gy S R RN SR B . PR T RS B A IR
R, R S R ) A AE — o W T AR B v St
BTN B 7 sh A UL SRR A PSR B I, DR AR T
PALR B rp EUR A S AR ). [ 19 Ce) (B 19(f) 4
S A A0 S S TR A5 RISk 7 11 A T L R 2 30 R
IR K FE AR BN, SRR 43 0 EHR B AR R B 5T 1Y

100 150 250 300

Lo
() WTATR R ER MR LRR RN HE

EENUES U NEERilI Rz S

E17

W W S AR B 60 AT ERELE | 43 B TR
LMEHR R RS T ERMAERSE T W EHR, 4
A 19(g) Fros . ZEAa 5 A SR 1 ROT, i AR
S psEq W R AR AN R s RN PR
MR R K B AR (E S 20.763 wm, LAE 4 1

RGNS 2



B

10

HI OO P T 556 3 A U7 I

2513

B8 PebRic T ke i — iR £

ERARIC . A AR R R T R G S LR B R e R AR ) —
TR H AR 2208, H Y {H R 0.423 pm, DS (5 L b
0. I, AR M R G I R R ST S 1 M R G
TR BRI 22 T8 L, BIMEIR 22000 2.04%.

(o) HLEPFEH

4.3 MR BHEBmNIRE RS

53 3L 28° Fi1 30° (AR A BE L 7 pL/min A9 3 52 %
ZT A0 AN AR B HEA TN . G & 20 FIEAR SR 21 40 B )
WS R, HA & 20(a) (B 20(h) R 21 20 i il RUZR B4
UG, X L EE B AR TRk S R X R
CLANRTCAZ OB B R SRR TR T 1 . R i AR
HEAT AL, A5 2 W& 20 (c) BT m BRI S MG . 5 H T
FUE (d) A EE , SR B 22 50 FE 1) E’Jéléﬁﬂ@ﬁ?ﬁj‘l’é‘w%blﬂ
AT SRS RGN ST A W N - 23 Al SR 2 I A5 B
A5 50 52 PRI T8 20 (e ) TR 20(f) , 21 48 i 52 30 1 XM (]
IR X LT P4 R G 2 SO R B, SR M A
WG MG 25 T A, UM B A4 F 5 A i

l.. ‘} |

(d)  AUERRE R AT R

(e) HTBHEEIER (N SRR EEHRIE

Frht EE
(a) ZRBELISHGE 28.0 |-|"L" 'l" T ll' T L" ] Il' Iy °
m==tecbdledepqeeqledtge o= H==p=rq=-2r1F=-1 05
- 25.0 1_05;;
= e
Taus 15 %
% 22.0 . 2.o§
=
205 | | . - ] |!! |I 2_5"5,_!‘
| AT || [
19.0lI . ] . : . . | l | LITIPITL 3.0
1 6 11 16 21 26 31 36 41 46 51 56
WERGR T
e YU AERE e EHE e ZE{E KT ===-=- ={F%E

(b) ZRFE2EIEIR (2
19

(o) BEMAER (¢ EMATHREEEZ

SRR O ARRRHER @ BEAHER () TR
120 BRI AR R G T 21 A0 B0 AR 4 A

(@)

601 L [ 5 T R ) LR AT LG
XU R R GE T 20 um (R A9 P45 2R

Ser g A ], A M — R T A A A A% Y Bk
P O AN A A o N S E T eSS AR S 1 o S R R
7 200 A AR L A0 B, R AT B B AR 2 10~
12 pm, R EL A0 B AR 2400 5~8 wm. WA 21 ff 7, A
2 A IR 2 R, AR R 21 (a) LT 21 () A 1A 20 i Y A
LR RS, 18 21 (o) T 21 (d) 43 500 A ALY F 43 S5 16
A5 T a]— 20 B A T P A . S R AT A SR R, 15
FanE 21 Ce) 21 () i BT SR S . mT L& B
2R W 22 G0 R A7 S A L T R 4, Ao o &2, g
PN AT IR S, T R RUER [ 2R 4 1 AT 4
FEAR— B, {H XLk 4 22 G0 10 40 B A (ELAG 0) HE BE o v, 41



2514 H, ¥

EE 2022 4

II (o) EHITIHEG (o) EMEIMREEEG

() AFEIHEEG 0) SF2MEGR @) mEEOEER () EREETREER
21 RUEKKEA AR REE T H AR AR 45

P14 RELRIT 11 48 B 53 1) A XLZk P 2 4958 FTHT B &R 48
AT R R ARG AT B O O T AR AT
e, anE 22 s . Hod & 22(a) (E 22(d) Ry 21 40 B A
0 B AR S L T 22(b) B 22(e) Ty UK R FR M )
R 2 R T &L, 18] 22 () B 22(0) M T T R 5%
T EAG AT . FEIR T RIS LT, WA i i 7
KR W 22 298 T4 S RO S0 B2 TR L T % 2 06 O AT
S EGRAZ SR B T 5 B ), LA SR B WLk [
ARG MRS TN GG ANT A

VO T b
(a) “I41 () LAl E R (c)All 241 i[RI B
firs s T2
- .
) HF4ii (e) HANLER 11 20t A
= A

P22 WP R GEAITH M FRGE T T R

5 NG

ARSI T — b2 T XU o P A i 1) A L U
S R 4 0 B R A AR T 3k L T il
DR U R A ) 200 0L oo ULk e b, T o — 2k
Xk 240 M A AR 0 B R AT AR, R B A B
20 it 3 3 2 A R ) 22 4 ik s S R 0 R AR AR 4
f14 22 2L S8 A 5, A A 0 P B R AT 0 PRI 0
HHATRIIHIKE . B el & % I8 AT e | 1R
P RRASAZ 2R RS WU | 40 A s I A5 I 4 R S

PR BT T R S T k B AR A . RS T
XL [ 41 4 RV 1 S AR AR 45 5 A G A, {5
BN %G 7 B AT A5 AT R . e ST
ZE 0 FA D, BHRAL SRR T R 2.2 wm, i}
FARE R 217, R TE A 1200 /s , ALK 4 22 55 (1) 25 ]
Oy PR N B R GE 0 2.8 17, WLLR [ 22 45 s A K 42 1
1GH LU T [ MG, G A AR P Y4 T 5.4% , 1 (A
W LS 5 T 15.28%. 7E 20 wm fBER AP H |, XLk
M R G0 510 M R SR AR ek RF A3 (iR 228
2.04% , Uk 1A FE 0 BUS B R HER 1k . 28k Xt
Fb XU ZR B 3 8 A5 D v PR IR A 1S T ik S T B
WAG T2 B SRR 2T A0 R A0 i Y AR &
B IR T R B4 A T s e ek

S Sk

[1] HENG X, ERICKSON D, BAUGH L R, et al. Optofluidic
microscopy-A method for implementing a high resolution
optical microscope on a chip[J]. Lab Chip, 2006, 6(10):
1274-1276.

(2] sREES, BRER, k5, 55 B b B MUsgEoR: 3

W KRR S RO £05 5 O TR, 2019, 48(6):
121-153.
ZHANG J L, CHEN Q, ZHANG X Y, et al. Lens-free on-
chip microscopy: Theory, advances, and applications[J]. In-
frared and Laser Engineering, 2019, 48(6): 121-153. (in
Chinese)

[3] MUDANYALI O, TSENG D, OH C, et al. Compact, light-
weight and cost-effective microscope based on lensless in-
coherent holography for telemedicine applications[J]. Lab
on a Chip, 2010, 10(11): 1417-1428.

[4] LEE S A, LEITAO R, ZHENG G, et al. Color capable sub-
pixel resolving optofluidic microscope and its application
to blood cell imaging for malaria diagnosis[J]. PLoS One,
2011, 6(10): e26127.

[5] ROY M, JIN G, PAN J, et al. Staining-free cell viability
measurement technique using lens-free shadow imaging
platform[J]. Sensors and Actuators, B: Chemical, 2016,
224: 577-583.

[6] ROY M, JIN G, SEO D, et al. A simple and low-cost de-
vice performing blood cell counting based on lens-free
shadow imaging technique[J]. Sensors and Actuators, B:
Chemical, 2014, 201: 321-328.

[7] HUANG X, LI Y, XU X, et al. High-Precision Lensless
Microscope on a Chip Based on In-Line Holographic Imag-
ing[J]. SENSORS, 2021, 21(3): 720.

[8] LIJ, DAIL, YU N, et al. Elliptocyte detection technology



%

10 M H

LA [ T S 0 B A U I

2515

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

based on super-resolution algorithms for a lensless imag-
ing system[J]. Measurement Science and Technology,
2021, 32(2): 025701.
LI J, DAIL, YU N, et al. Red blood cell recognition and
posture estimation in microfluidic chip based on lensless
imaging[J]. Biomicrofluidics, 2021, 15(3): 34109.
LI S, DAIL, LIJ, et al. A Deep learning Feature Fusion
Algorithm based on Lensless Cell detection system[C]//
Proceedings of the IEEE 15th International Conference
on Solid-State & Integrated Circuit Technology. Kun-
ming: IEEE, 2020: 1-3.
LIAO Y, YU N, TIAN D, et al. An intelligent low-power
low-cost mobile lab-on-chip yeast cell culture platform
[J]. IEEE Access, 2020, 8: 70733-70745.
LIAO Y, YU N, TIAN D, et al. Toward embedded sens-
ing automation and miniaturization for portable smart
cost-effective algae monitor[J]. IEEE Sensors Journal,
2021, 21(4): 5230-5239.
MUDANYALI O, BISHARA W, OZCAN A. Lensfree
super-resolution holographic microscopy using wetting
films on a chip[J]. Optics Express, 2011, 19(18): 17378-
17389.
ZHANG J, CHEN Q, LI J, et al. Lensfree dynamic super-
resolved phase imaging based on active micro-scanning
[J]. Optics Letters, 2018, 43(15): 3714.
TIAN D, YU N, LI Z, et al. A super-resolution scanning
algorithm for lensless microfluidic imaging using the du-
al-line array image sensor[J]. PLoS One, 2020, 15(6):
e235111.
skAe, E R A, 4R, ST A R B Y T B
v 2 BRRPTIE]. #Ot 5 OE R T2t g, 2020, 57
(8): 9-19.
ZHANG H, CAO L C, JIN G F, et al. Progress on lens-
less digital holography imaging based on compressive ho-
lographic algorithm[J]. Laser & Optoelectronics Progress,
2020, 57(8): 9-19. (in Chinese)
ZUO C, CHEN Q, GU G, et al. Laplacian reconstruction
of one single hologram using two different reconstruction
distances or wavelengths[J]. Chinese Optics Letters,
2012, 10(6): 50-53.
GUO C, ZHANG F, GENG Y, et al. High-quality multi-
wavelength lensfree microscopy based on nonlinear opti-
mization[J]. Optics and Lasers in Engineering, 2021, 137
(2): 10640.
COSKUN A F, SENCAN [, SU T, et al. Wide-field lens-

less fluorescent microscopy using a tapered fiber-optic

[20]

[21]

[22]

[23]

[24]

[25]

[27]

(28]

faceplate on a chip[J]. The Analyst, 2011, 136(17): 3512.
FAHME, BUGERH, SemERs, 45 /N2 A B AR R AR AR
GRS TR ) BRI PRAGORE 7 B RS T A (0], WL AR, 2018,
46(9): 2256-2262.

WANG X H, ZHAO X Y, BI X Y, et al. Single image su-
per-resolution reconstruction approach based on multi-an-
gle contour templates variational calculus model in wave-
let domain[J]. Acta Electronica Sinica, 2018, 46(9): 2256-
2262. (in Chinese)

R, R, SKIF, S5 . B BTS2 1 1 4 TR
1. H 7244, 2014, 42(7): 1262-1267.

ZHANG C, CHENG H, ZHANG F, et al. Single-expo-
sure frequency-domain amplitude encoding compressive
imaging[J]. Acta Electronica Sinica, 2014, 42(7): 1262-
1267. (in Chinese)

AR, BRIt 5, Wl K, 5. 35T MAP RSN EMR
AT HER E AR T]. W T 2015, 43(1): 191-197.

LI Z, CHEN Q L, PENG Q Y, et al. MAP-based single-
frame super-resolution reconstruction for character image
[J]. Acta Electronica Sinica, 2015, 43(1): 191-197. (in
Chinese)

fEARA, BRI, BEZ%E, 45 BEF I LAEZ 2
Pl G A< A 0], WL TR, 2015, 43(7): 1275-
1280.

REN F Q, QIU T S, HAN J, et al. Multiframe image su-
per resolution based on second order total generalized
variation[J]. Acta Electronica Sinica, 2015, 43(7): 1275-
1280. (in Chinese)

FEHERK, WL, RIS, 45 . GOR D R R 4k
[J]. #7244 . 2020, 48(7): 1407-1420.

TANG Y Q, PAN H, ZHU Y P, et al. A survey of image
super-resolution reconstruction[J]. Acta Electronica Sini-
ca, 2020, 48(7): 1407-1420. (in Chinese)

ZUO C, SUN J, ZHANG J, et al. Lensless phase micros-
copy and diffraction tomography with multi-angle and
multi-wavelength illuminations using a LED matrix[J].
Optics Express, 2015, 23(11): 14314.

FANG Y, YU N, JIANG Y. Super-Resolution Lensless
Imaging of Cells Using Brownian Motion[J]. APPLIED
SCIENCES-BASEL, 2019, 9(10): 2080.

Dai L, Li J, Yu N. Cell image reconstruction for a lens-
free imaging system based on linear array sensor[C]//Pro-
ceedings of the IEEE International Conference on Elec-
tron Devices and Solid-State Circuits, Xi’ an: IEEE,
2019: 1-3.

FARLE . TR b 20 A I 2R e 1% 20 P8 43 B



2516 H, ¥

EE ¢

2022 4F

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

BORMIWIFEID). PE%: P9L TR, 2018,

WANG W J. Research on Cell Image Super-Resolution
Technology Based on On-Chip Cell Detection System
[D]. Xi’ an: Xi’ an University of Technology, 2018.

T3 G . JC % B A O A e A0 I ARG I % B B R S [D).
P22 PU4E TR, 2019.

FANG Y. Research on The Key Techniques of Lens-Less
Microscopic Imaging and Cell Detection[D]. Xi’ an:
Xi’ an University of Technology, 2019.

FJUR, ERE, £ HF 2R RH0hE ILEEE
). OB SO Tk, 2010, 47(3): 83-88.
WANG G J, WANG D Y, WANG H Y. Comparison of
commonly used numerical reconstruction algorithms in
digital holographic microscopy[J]. Laser & Optoelectron-
ics Progress, 2010, 47(3): 83-88. (in Chinese)

KUMAR S, MAHADEVAPPA M, DUTTA P K. Lens-
less in-line holographic microscopy with light source of
low spatio-temporal coherence[J]. IEEE Journal of Select-
ed Topics in Quantum Electronics, 2021, 27(4): 1-8.
CHEN L, CHEN X, CUI H, et al. Image enhancement in
lensless inline holographic microscope by inter-modality
learning with denoising convolutional neural network[J].
Optics Communications, 2021, 484 (2): 126682.

WU J, CAO L, BARBASTATHIS G. DNN-FZA camera:
A deep learning approach toward broadband FZA lens-
less imaging[J]. Optics Letters, 2021, 46(1): 130-133.
ZHOU H, FENG H, HU Z, et al. Lensless cameras using
a mask based on almost perfect sequence through deep
learning[J]. Optics Express, 2020, 28(20): 30248-30262.
Hok, ERT, T8 55 . FAEcr 28 ALK E
S PEEOE, 2014, 412): 63-72.

RONG L, WANG D Y, WANG Y X, et al. Phase retriev-
al methods in in-line digital holography[J]. Chinese Jour-
nal of Lasers, 2014, 41(2): 63-72. (in Chinese)

ROSTEN E, DRUMMOND T. Machine learning for high-
speed corner detection[C]//Proceedings of the 9th Europe-
an Conference on Computer Vision. Graz: Springer,
2006: 430-443.

FANG Y, YU N, JIANG Y, et al. High-precision lens-
less flow cytometer on a chip[J]. Micromachines, 2018, 9
(5): 227.

ZHANG J, SUN J, CHEN Q, et al. Adaptive pixel-super-
resolved lensfree in-line digital holography for wide-field
on-chip microscopy[J]. Scientific Reports, 2017, 7(1):
11715-11777.

EEEN

B B 199644 BITIEZ . MR
VYR BT R A R I A . ST T ) Ayl
RAEER R B PG A B T B R AT
E-mail: 2180320059@stu.xaut.edu.cn

£THEGETIES) &, 196344, By
BN, BUNPE R T REEZ RS0, £
BRI ST 1) A K R i L B 1R R T2
PR Ab B0 % TG 15458 B 25

E-mail: yunm@xaut.edu.cn

BAIriF B 199744 BRI . W
P22 3 TR A A T AR, E ST 5 0] A
RIUBIE R JERAL B TEE R 5T
E-mail: 2200320093 @stu.xaut.edu.cn

= OB L, 199544 NFE TR
VU2 B TR 2L 32 BERIEGE D5 ) Sy 6 AR
SRR % | PRAL 3 TG B R G
E-mail: 2190320070@stu.xaut.edu.cn



