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Abstract: With the development of full-screen mobile phones, the need for under-screen imaging of mobile phones
has emerged. However, the diffraction caused by the wiring and other opaque parts will affect the image quality of
the under-screen image. In this article, under-screen image is restored from the perspective of image restoration.
The point spread function (PSF) of the mobile phone imaging system is obtained through actual measurement, and
the image is deconvolved using the measured PSF. In this article, traditional deconvolution method has been
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improved, in which the color space of the image is converted and different channels are processed separately.

Compared with the traditional deconvolution method, the results of the sub-channel deconvolution method have im-

proved structural similarity (SSIM), peak signal-to-noise ratio (PSNR) and other indicators, and the required running

time is shorter. After sub-channel deconvolution, the non-local averaging algorithm is used for denoising, which fur-

ther improves the quality of the under-screen image.

Keywords: deconvolution; denoising; under-screen imaging; image restoration
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(a) Diagram of color space conversion; (b) RGGB filter arrangement diagram of Bayer filter

4 HESRKOH

4.1 FEMEEKFEGINCIBER RO

HRAE 2.1 Tk GRS  # 2:% [K114 (reference)
(B 3(a) S5 3.1 ka2 m) s iR Ecs
B, SRJE AR e s, 15 2R AR B B0 R
(blurred image), §fiIAMES RBRIEZE (0) 0.03 I,
BB B A EHR AN E 3(b) i, X 3(b) i FfL
4t ) 4 (traditional deconv, T-dec)bFH 5 B 45 TN &
3(c) FIr 7, TS AR SC R 4R M Y ) Gl E 5 i
(sub-channel deconv, S-dec), tEIE 2(a)Fr~iiifE
B, KA 3(d) s . W I RIEH T LIE S,
GRS AU B2 VRN AT o) & G AR (AN T
[

MMM (AR TEZE A 0.06 B, IRFLAFE] R
FIEANE 3(e)Fis, XFE 3 ifEg B b G
HIZESRANE 3O, i F ol 7 A B 5
W 3(g)Frane W ITHOREF AT LA Y, AR
RS, BRI RSB ETE 2, HEX)
FEIEL 3(6)FIE 3(g) AT LA Hi, A SCHh /3 i 45 5117
IHEAT 7L TS S BRI ROR

B 3(h) R BRI F 1 L (PSNR)BEE FATT7EIR
AR R A R e RS KPR i A8 A th 2, H
rh AR I TE MR IR A AR oI AT AR b g 7 1Y

FRUEZE (o), AABAR N UG AR X 5 2% RT3 1Y)
PSNR, Hrpifg o i 2 iR 15 RO B, 2rtall
RN LG CERUL S g 51, B ihZ A
SCR ) EIE . INIRZRP T, ZEMR R KP4
J S R s B T B =W e I S W RPN L L EE S N
FAY, EBEE AR KO8, B iE vk i
S ™ i ke, il A E T i T DA B A
WEHE ., P 3() R ER A SE A AL (SSTM) it 25 M
KPR ZR , R AR AR R I AR S 25
YAebR SSIM, Horpih (o i e IR BRI EIE , £rtth
BTG RIS, BE oA S srEiE
BEOE, IR B 1, B A KP4
B, ATEIE AU R AP S SR AU S K
B AARUE . K 3(h) . 3G) T, FEME KP4
TRAYTE LT , 2038 T8 5 36 FE S 5 vk A R S A A ] 5
(PRt 5 e 7 KT B v, B TE 5 VR R AR BH &
1M o TR RS R BR ], HAd gk Bk
SR ELA B R MR PR KT, AT DA SC Y 433 7 R AE
AEFRTF-HUBE T g HA B A3

4.2 REHRTHEBRABER RS

N S iIE S RO L BE T, 2P
T EFAF S EGEEAE RS E R,
4 IR S5 ER SIS RII R R R
B, SREIMARRIEZ Hy 0.06 Y= T, 75 31iB 4k

200423-5



JEHL TH#E, 2021, 48(6): 200423 https://doi.org/10.12086/0ee.2021.200423

Reference Blurred image Traditional deconv Sub-channel deconv

0=0.030

0=0.060

(hy 27— (i 1.0
DP—a o~
25+ 09Fl
m 23} 0.8
o =
x 7
% 21 ~OBluredimage " 07 —O—Blurred image
o —E—Traditional deconv —©—Traditional deconv
19 + 0.6
17 : : : : : 0.5 : : : : s
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06
o o
B3 RE%REKFEES AR AR B ERARGLELER. (a) 2FXBE; (b) 2% B (a)

501 PSF ARG ImAATAE £ % 0.03 S A% P /5 a9 RMARME R, (c) B (b)2 % RAER
TR AW AR (d) B(b)2E B E RARTERIE LR, (6) A% B (a)5n#F PSF
ARG FINATAEE A 0.06 ZHMRF 509 BIBEMAR; (f) B(e)2IHARERT EKRELE
R, (9) B(e)B i@l R ARG FRIENLER; (h) BREAERILMEmARE
AREEMEAWE,; (i) B EMARERLE AR F AR £ 3 T A £,

Fig. 3 Simulation results of images with different noise levels using traditional and sub-channel deconvolution, respectively. (a) Reference
images; (b) Blurred images after convolved with measured PSF and adding Gaussian noise with standard deviation of 0.03; (c) Restored
results of (b) with traditional deconvolution; (d) Restored results of (b) with proposed sub-channel deconvolution; (e) Blurred images
after convolved with measured PSF and adding Gaussian noise with standard deviation of 0.06; (f) Restored results of (e) with
traditional deconvolution; (g) Restored results of (e) with proposed sub-channel deconvolution; (h) Curves of image peak

signal-to-noise ratio with image standard deviation; (i) Curves of structure similarity with image standard deviation
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Fig. 4 Simulation results. First row, reference images; Sencond row, blurred images after degradation; Third row, restored

results of traditional deconvolution; Fourth row, restored results of proposed sub-channel deconvolution;
Fifth row, denoising results of the sub-channel deconvolved image
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Table 1 Result comparison of simulation images
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Image 2 0.54 0.58 0.74 0.76 2141 20.04 2224 22.30 0.52 0.17
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B5 SRERGLELR, () FTREBE; (b) AAAERLIEELER;
(c) ALty BERARLEHWERGOAR; (d) B ERAEARERETREHE K
Fig. 5 Resolution board processing results. (a) Under-screen original image; (b) Restored image after traditional deconvolution;

(c) Restored image with improved resolution after proposed sub-channel deconvolution;
(d) Denoising image after sub-channel deconvolution
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Image restoration of mobile phone under-screen
imaging based on deconvolution
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Resolution board processing results. (a) Under-screen original image;
(b) Restored image after traditional deconvolution; (c) Denoising image after sub-channel deconvolution

Overview: With the development of full-screen mobile phones, the need for under-screen imaging of mobile phones
has emerged. However, the diffraction caused by the wiring and other opaque parts will affect the image quality of the
under-screen image. In this article, under-screen image is restored from the perspective of image restoration. The point
spread function (PSF) of the mobile phone imaging system is obtained through actual measurement, and the image is
deconvolved using the measured PSF. Traditional deconvolution method has been improved in this article. In decon-
volution process, the traditional and common way is to divide the image into different color channels, use the PSF of the
corresponding channel to deconvolve each channel, and finally synthesize the color image. Because the high noise of the
image sensor of the mobile phone has a destructive effect on the deconvolution algorithm, one need to reduce the noise
of the image. The traditional denoising method will destroy the high-frequency information and cause serious ringing
effect on the image restored by deconvolution. In this article, we propose a new solution to this problem: convert the
blurred image from RGB color space to YCrCb space, where Y represents brightness information; Cr and Cb represent
hue and saturation, respectively. Image clarity is mainly affected by brightness information, so only the Y channel needs
to be deconvolved, whose noise level is lower than any of the RGB channels. In order to further reduce the influence of
noise, Cr and Cb channels are processed by Gaussian filtering to reduce noise. Finally, the processed image is converted
back to RGB color space to form a traditional color image. Compared with traditional deconvolution method, the re-
sults of the sub-channel deconvolution method have improved structural similarity (SSIM), peak signal-to-noise ratio
(PSNR) and other indicators, and the required running time is shortened by almost three times. After sub-channel de-
convolution, the sharpness of the image has been greatly improved. In order to further improve the quality of un-
der-screen image, the non-local averaging algorithm is used to denoise the image after the sub-channel deconvolution,
which finds similar image blocks in the same image to average, and redundant information in the image is used to re-
move noise. Furthermore, the integral image method is used to shorten the running time to meet the real-time require-
ments in mobile phone photography. The visual perception of the image has been better improved, and both PSNR and
SSIM have been further improved after denoising.
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