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Fig. 1. Filtering outputs of different image filters. From left to right: input image, result of CBF, result of GF, result of RGF.
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Fig. 2. Visualization of boundary regions. From left to right: input image, difference of Gaussian filtering output

and CBF output, binary image.
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Fig. 3. Filtering outputs of proposed method on 1D signals.
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Fig. 4. The flow diagram of proposed algorithm.
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Fig. 5. Noise reduction results of different filtering method. From left to right: input image, result of GF, result of WLS,

result of ours.
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Table 1. Comparison of image quality of different
methods by GMG and PSNR.

YW GFUO RGFI4 wLS[R0 ks
GMG/%  0.00436  0.00417  0.00325  0.00367
PSNR/dB  33.21 33.97 34.86 35.72
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Fig. 6. Filtering outputs of some images on SIPI Image Database. First row, input images of SIPI database; second row,

filtering outputs of ours.
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Fig. 7. Detail enhancement results of different methods on some digital images. From left to right: input image, result of
GF, result of RGF, result of WLS, result of ours.

M1 7 RN, BT A R B R R RS
PG AR5 B TR, 200 5 BB B SR A sk, i
i oxk A A R R, (615 2 5 IR BOR L AR
DR R H A S AR A G R R, GE A
RGF AR T 51 3 EHE A IRV E 15 B PR
BOA BT PR 1 PR AL B, 1S 41 25 1 9 AL
KRBT AR LB, e CERAATESRIa 211
ZH. BT ITREIELE SR 1A BB A 1
Y, DRtk P 45 r S 0 B R S DR 2 1T
X G S B A RAE S AT S Oy e AN AR 2, X
BB TR R A ROR BRI, £
RO RIL, 5HEAFEME, ASCHRZEEE
JINHER, Q5 A i R S (0 1 55 B B
HSL BT RHE RJE— & el isoR, FE B
SCAG A T FE SR, ARELT 1 6 BB i 1
15, 385 BB AT DUSE DA ROt e s DB I S KL 2
TRFFRCR. 9 T M SAE (S B s rh % R i 3RIE
BE7, B 8 R — BRAT (N — 45 5) EXHA

2R S BRI R AT T R,

H B 8 AT UK B, 2 51 3 IEB SR PTG 2 ) 3
AR NG 5 G TN HER, 2155 RS
RARREE T iEMT BRI ST, B0E 1 PR Sl
% 51 PP TT 3, X2 A B HEAT SR R AL
P Rk, ARG E R TGS R4
5, W HARRR 7RG SRS MER, ERRMAES
AR N B AL RO A5 LAORE, AT i i 3t S
Wi L 22 5] 5 B U SRV Rt S 3 W A A A B A S T
Bk, A2 BB ARGV 22 (0 DX (5 80 R P o 4
INGUER DX L), 39 55 e 5 A5 B0 28 A DU AR X 4
K, FEIG 55 R LRIy 4 5 1, X Rk
% 5| FUEP LM AT R 5 W RS S PRI, N
75 32 o A R s AR IR Bt 1R 0 PRI
FERINAS 5 R BRI AL (I 5 X 8k) I, 15 2R
FEAH R AL B I 5A A& BRI BE L AR AL, 96
25 AR B A SRR B A By 1045 S s R,

238701-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 238701

1.4 .
1.2 | — MNEY i
— 52
1.0 — MRk 7
R — BEE i
0.8 faRz
pou
E 06} E
B
04| _
0.2 | _
ok .
—0.2 . . . . .
0 20 40 60 80 100 120
{5555

K8 Z Il SUEREEE 4G5 ERE RN RRR

Fig. 8. Detail enhancement results of proposed method on 1D signals.
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Abstract

Image enhancement, as a basic image proicessing technique, contains much research content, such as enhance
contrast, image restoration, noise reduction, image sharpening, distortion correction, etc. The purpose of image en-
hancement is to effectively highlight the useful information in target image and suppress noise as well. The conventional
image enhancement methods are always powerless to tackle the complicated gradient distributions in natural images,
and they are also difficult to retain the information about edges accurately. For improving the status of over-smoothing
on boundaries, we propose an image enhancement method based on multi-guided filtering. We first synthetically analyze
the property of joint filtering and propose the general image optimization model in which the variable parameter is filter
kernel. Different filter kernel in the optimization model above generate different filtering method. That is to say, we
can use this model to describe the image enhancement problems. The existing joint filters can be regarded as close form
solutions of the optimization model above. Inspired by ensemble theory, we use multiple guided images in joint filtering
instead of a single guided image to make full use of structure information. By doing so, the image enhancement based
on multi-guided filtering can obtain more accurate filtering results. In order to keep the consistency among the multiple
filtering outputs of multi-guided filtering method, we add a regularization term into a general image optimization model.
We also take into consideration the consistency of pixels in the same image. The experimental results about the noise
reduction and image enhancement show that the image enhancement based on multi-guided filtering can give rise to
significant outputs. The peak-signal-to-noise ratio of output image of proposed method is higher than those from the
traditional image enhancement methods. Therefore, the image enhancement based on multi-guided filtering can improve
the quality of digital images efficiently and effectively. This provides a good precondition for subsequent image processing

steps and has a prospect of very wide application.

Keywords: guided filtering, image enhancement, edge preserving, regularization
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