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Abstract To improve the quality of cell refractive index microscopy imaging and enhance feature recognition, this
paper proposes a fusion method for cell refractive index and bright-field micrographs based on convolutional neural
network algorithm, which overcomes the shortcomings of traditional fusion methods involving manual formulation
of fusion rules, and learns adaptive strong robust fusion functions from training data to obtain better fusion results.
The subjective and objective evaluation results show that the proposed method effectively improves the resolution of
the cell refractive index micrographs, which in turn improves feature recognition
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Fig. 1 Schematic of graphene-based refractive index microscopy system
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Fig. 2 Analysis of principle and microscopic images. (a) Schematic of the principle of probe beam scanning to measure the

refractive index of the cell; (b)microscopic image of cell refractive index obtained in experiment; (c) experimentally

obtained bright-field micrograph of the cell
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Fig. 5 Refractive index micrographs and bright-field images of three cells. (a)—(c) Refractive index micrographs of cell;

(d)—(f) the corresponding cells bright-field images
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Fig. 6 Experimental results of fusion of refractive index micrographs and corresponding bright-field images of three groups
of cells using GTF (gradient transfer fusion) method, WL (wavelet transform-based fusion) method, and
FusionCNN (CNN algorithm-based fusion) method, respectively. (a)—(c) Original refractive index micrographs;
(d)—(f) fusion results obtained using FusionCNN method; (g)—(i) fusion results obtained using GTF method;

(j))— (1) fusion results obtained using WL method

T ORGSR SR s R 7 k. B 7 R 100 pixel 47 55 3 B 34 AR JE 17 Bl & 09 58 56 25 21,
700 pixel X 700 pixel B 3% W 1% 5 100 pixel X F7(b) k% 100 pixel X 100 pixel B 35 B i3 F 1%

B7 s ) 4 B % W] 3 W PR AR L IR 2S TE) 43 9 R B 37 BB s TR 4 ) 5 BT A o B R TR R R AT R A Y S IR A R
(a)700 pixel X 700 pixel Bli5 B4 100 pixel X 100 pixel 4 3 8 &G Ml A 45 5 5 (b) 100 pixel X 100 pixel

W1 2 3EI5 45 100 pixel X100 pixel 31§ 4 8 ik 1415 ) il 5 45
Fig. 7 Fusion of high spatial resolution bright-field image or low spatial resolution bright-field image with refractive index
microscopic image. (a) Fusion using 700 pixel X 700 pixel bright-field image and 100 pixel X 100 pixel refractive
index microscopic image; (b) fusion of 100 pixel X 100 pixel bright-field image and 100 pixel X 100 pixel refractive

index microscopic image

2217001-6



F58% ¥ 22H8/2021 F£ 11 A/HAEXBFEHR

55100 pixel X100 pixel #7 4f 3 . 14 15 9 17 Rl &
S g gl L, 3mad X L R LB S % B, R R S )
a3 9E 2R 0 BH S 50 AR T A A8 il R Y o B
R, TESEBR BT B 2 AR B, AR A A (]
G392 BT G 3 0 1 (A A ) PR PR T
22 10 451 R A T s ) T R R 0 i
PR B AR AT AR X 25 5 P AR 40 9 R 3 33 % 0 s [
185 ' 53 HER W 3 G R Rl G T DU R 3 o
I R B 43 BER
3.2 EWEM

R T 2 b SR RS R il O vk BT AR 20
Ji fl A g SR HE AT & W A M. R R U A fF MR L
(PSNR) 5 BB (ENT) K P #86 BE (AG) IX =~ 48
bt A5 B LA L X = R0 vk A9 E L& 1,

HrpF G iR G BHURTE A bR GL ) AR R
R Gy ) R 4T 58 3 8 ER 78 A b Gy ) AE 1B
P, WEMG R OK BEAE N @ R E T R L
Af ., RIKETT I B RR E s AF, 3 B 1] BB B
AR SR X bR S R = A 0 B Rl A R AT T
Mr g5k 2 i, %2 A5 iR 3 A4 41 i il
BEERWE WA . AT LUE 5 H A J7 347 L,
FusionCNN 732 il £ 25 5 (1) 25 T 48 Ar 35 A . 76
2 H, R L HF 2 FusionCNN 77 ¥ il & 45 B 1Y)
PSNR Fl ENT 3%’ 1 48 45 5 1% , {H GTF J ikl &
G5 AG X —IEM AR bR iR AP . X BRI 7E % U
Hrid B, T AR BR AR 22 5, S AR AR S fh 7 ik
FEFEITAE AR b VP A do - (419 D0 AE AR A 52 36 25 B, A
SCHHR T IR TE R ZHOT o i h R T B AR

1 HWITH R

Table 1

Objective evaluation indicators

[21]

Evaluation indicator Formulaic expression

Physical significance

2557 Reflects the difference between two images at a specific
PSNR M ixel, the higher the peak signal-to-noise ratio, the closer it
MM FGL Y —RG.HTE P g peat =i
i=1 j=1 is to the ideal image and the better the result
= Reflects the amount of information in an image. The more
ENT — >'P,log,(P) A 4 A .
i=0 information an image contains, the better the result
1 L& i - The larger the average gradient, the clearer the detail
AG i 20 2 VAT AL o
MN =1 y=1 representation in the 1mage

2 ORIy Rl T RE Y LR

Table 2 Fusion performance comparison of different methods

Cell and fusion method PSNR ENT AG

FusionCNN 24.7191 6.7251 0.0365

Cell 1 GTF 24. 2505 6.5551 0. 0367
WL 11. 7205 6. 3839 0.0283

FusionCNN 25.7789 6.3278 0.0314

Cell 2 GTF 25.6525 6.1210 0.0303
WL 11. 4884 6.0491 0.0024

FusionCNN 26. 1563 6.4638 0.0290

Cell 3 GTF 26.0756 6. 3835 0.0272
WL 12.2216 6.4501 0. 0206

4 bk W B 8 40 MR 2505 B 5 40 A 56 545 B EAT ORI

JE W S B, —J7 T AT RCAR e T X AR N RRAE A R

ASSCHRE T — 2 4 AU 28 I 45 Sk S B
J AT 5 R B R SR W g R R R A 1 TT Tk . 5K
LoatE S RSt BuNLilE S Sk s N b N R 7R T T e

JE A BT 40 M A oo B R R BE AR 55— T
THT 42 755 1 B 5 o4 A AR AR % 2 0] 43 B B AR T AT
5 AR A PR R SR OE BE o 5 BT R D7 1k 5 B Ok

2217001-7



F58% ¥ 22H8/2021 F£ 11 A/HAEXBFEHR

(GTF Ml WL J7 %) i) fil 5 45 2R BEAT OB, 25 R 10
N TG 2 TV a8 2 W E A, FusionCNN 3%
HAWRAE . P SO 77 4k al DA R = 37
S5 25 S AMOR PB F) T E  TAC BAR TR L B T 440 A AT
AYHE IR o AR ST Wk A A2 W) I~ U ) 240 B AT S 1

S A EE RN AN
5 % x
[1] SunL X, Wang Y J, Zhang H Q, et al. Graphene-

(2]

[3]

(4]

(5]

(6]

[7]

(8]

(9]

based confocal refractive index microscopy for label-

free differentiation of living  epithelial and
mesenchymal cells [J]. ACS Sensors, 2020, 5(2):
510-518.

Sun L X, Zhang Y Q, Wang Y J, et al. Refractive
index mapping of single cells with a graphene-based
optical  sensor[J]. Sensors and Actuators B:
Chemical, 2017, 242: 41-46.

Sun L. X, Zhang Y Q, Wang Y J, et al. Real-time
subcellular imaging based on graphene biosensors[J].
Nanoscale, 2018, 10(4): 1759-1765.

Ma ] Y, Ma Y, Li C. Infrared and visible image

fusion methods and applications: a survey[J].
Information Fusion, 2019, 45: 153-178.
ZhuZ Q, Zheng M Y, Qi G Q, et al. A phase

congruency and local Laplacian energy based multi-
modality medical image f{usion method in NSCT
domain[J]. IEEE Access, 2019, 7: 20811-20824.
Zhang K, Huang Y D, Yuan X, et al. Infrared and
visible image fusion based on intuitionistic fuzzy sets
[J]. Infrared Physics & Technology, 2020, 105:
103124.

Luo W. NSCT-based adaptive infrared and visible
light fusion algorithm [J]. Enterprise Science and
Technology &. Development, 2019(7): 93-94, 98.
%3¢, # T NSCT H il B 404 5 7] 0ot fil & 57 v
0. A i RHE SR, 2019(7): 93-94, 98.

Yi W, Zeng Y, Yuan Z. Fusion of GF-3 SAR and
optical images based on the nonsubsampled contourlet
transform [J]. Acta Optica Sinica, 2018, 38 (11):
1110002.

S, M, AR, BT NSCT B # iy & 7 =%
SAR 5t e EIRRENG [T]. JeEaadie, 2018, 38(11):
1110002.

Jiang Z T, He Y T. Infrared and visible image fusion
method based on convolutional auto-encoder and
residual block [J]. 2019, 39
(10): 1015001.

VLEEW , A . T 45 B 2 A0 45 A5k 25 B iy 2150
HRWOE R GRS 78 [J]. Jbssik, 2019, 39
(10):1015001.

Acta Optica Sinica,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2217001-8

Wu F, Gao Y, Qin P L., et al. Medical image fusion
algorithm based on Laplacian pyramid and CNN[]].
Computer Engineering and Applications, 2020, 56
(15): 208-214.

RWL, FEE, FR, % BT RE RS F
CNN BB B ma Bk . it LR S5 M,
2020, 56(15): 208-214.

Jiang Z T,

infrared and visible light fusion images based on CNN

Liu X Y, Hu S. Scene recognition of

[J]. Computer Engineering and Design, 2019, 40
(8): 2289-2294.

VLBV, X/, SR, BT CNN B L0405 0l WOt
A B R L. RN TR 5%, 2019,
40(8): 2289-2294.

Ma X. Research on low resolution cell image feature

fusion algorithm based on convolutional neural
network[D]. Xian: Xi’an University of Technology,
2019.

TRE . BE T 26 BURR 28 I 4% 1 AR 23 % 25 40 i TR1 8RR A
AR (D). PE%: PELHETRY:, 2019.

Lin S Z, Han Z. Images fusion based on deep stack
convolutional neural network[]J]. Chinese Journal of
Computers, 2017, 40(11): 2506-2518.

TRE, s, JET R B o 2 5 B 28 090 235 1 11 4 i
A U0, HHENLAER, 2017, 40(11): 2506-2518.

Zuo Z Y. Medical image segmentation, registration,
fusion, and denoising based on machine learning[J].
Electronic Design Engineering, 2019, 27 (17): 135-
139.

R FET LG T W E 2 EG8  fE  RlA
B RWELT]. M PRI, 2019, 27(17): 135-139.
Ding Z S, Zhou D M, Nie R C, et al. Infrared and
visible image fusion using residual network and visual
saliency detection[J]. Journal of Yunnan University
(Natural Sciences Edition), 2019, 41(6): 1108-1117.
Tasde, MAW], B, S T GE S AR
22 W E8 I LLAN-TT WG R RS T 2 1] Z R
CERFEND . 2019, 41¢6): 1108-1117.

Zhou X L, Jiang Z T. Infrared and visible image
fusion combining pulse-coupled neural network and
guided filtering [J]. Acta Optica Sinica, 2019, 39
(11): 1110003.

JABEE , VLIV . 250 ko FE & P 2 M2 5 5] 5 I8
WILLAN ST I e AR Al e [T]. St 4, 2019, 39
(11):1110003.

Li H, Zhang L M, Jiang M R, et al. An infrared and
visible image fusion algorithm based on ResNetl52
[J]. Laser & Optoelectronics Progress, 2020, 57
(8): 081013.

fE, KR, HEE, F. —MEET ResNetl52
LA S s g R A S [T WOt 5ot 1k



F58% ¥ 22H8/2021 F£ 11 A/HAEXBFEHR

(18]

[19]

[20]

[21]

J&, 2020, 57(8):081013.
Xing F, Meng G X, Zhang Q, et al. Ultrasensitive
flow sensing of a single cell using graphene-based
optical sensors [J]. Nano Letters, 2014, 14 (6):
3563-3569.
Garcia-Garcia J, Rickenstorff-Parrao C, Ramos-
Garcia R, et al. Simple technique for generating the
perfect optical vortex[J]. Optics Letters, 2014, 39
(18): 5305-5308.

Ye FJ, Li X F, Zhang X L.

fusion algorithm based on deep

FusionCNN: a remote
sensing image
convolutional neural networks[]]. Multimedia Tools
and Applications, 2019, 78(11): 14683-14703.

Wang T. Research and application of infrared image

and visible image fusion[D]. Xi’an: Xi’an University

[22]

[23]

[24]

2217001-9

of Technology, 2019.

TEAE . ZEAMER 5 ] 0O R ml & A 52 5 0 (D]
P FLE T K2, 2019.

Ye F J. Remote sensing image fusion algorithm based
on convolutional neural networks [D]. Changchun:
Jilin University, 2019.

MRS BT B TR W %Y R R A Ak
[D]. K& #bRE, 2019,

Ma]J Y, Chen C, Li C, et al. Infrared and visible
image fusion via gradient transfer and total variation
minimization [ J ]. Information Fusion, 2016, 31:
100-109.

Zeeuw P M. Wavelet and image fusion [EB/OL].
[2021-01-107. https: / ww2. mathworks. cn/help/

releases/R2019b/wavelet/ref/ wfusimg. html.



