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Fig. 1. Pulse coupled neural network model.
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1 W H .
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U AE 5 M L (PSNR) BORBR LT, J5 M7 B (Definition)
S BG4 s 28 R SUERRRAE, FLAB O GT .
43 5 %F E 4R B 1% Barbara(600 x 600) Al & 52
1) Bl Buddha(600 x 600) HI1 /5 2 24 20 F 0 1 =
B AL RS R AT S0, W2 FT R, RS AR

[ 1E T4k PM B 78 . ROF #58 B T IEAD 45 74 3 47
FL#e. 1 4t B4% Barbara, 23 548 Fl PM A& A
ROF #: %, TEAD #% % fl PCNN-IEAD #5 %4 3 17
P, o mEEDE K (A #ON 5, IE AR IR EER
N7, PMAE R 8 R B (2) 20, B E 310,
ROF # 7Y [ A B 0.02; IEAD #& 4 o1 5 111 K/ Ay
5 x 5; PCNN-IEAD B8 ap, = 1.0, ag = 1.0,
ap = 0.1, Vo = 0.5, Vi, = 0.2, Vg = 20, 8 = 0.1,
W=[0510510105105,M=W,F=Y,
L=Y  U=Y,E=Y. FEERNES3 IR, IF
rfabrinz% 1 fra~, B4 /& Barbara B4 R &8 8OK
BRI R BT e RN 4 SR S
{5 BAB L, K Canny 57 26] 5 4% Fho 24 € 9%
SR ATIA SR, S5 a1 5 Frs.

X 52 P45 Buddha HE4T 4 B AL 1 8 98 52
5, 3k — D WS AR B SR, S5
% & 5 Barbara BMZ S50 B AR, 845
Bl 6 Frow, P FEFR A0SR 1 B, 9 T BB &
BRI PE I R, X BB IS i 3R AT J=3 S sOK,
7R, B8 &K H Canny 85 25 Pl 1 &

SR ATNGR M 25 R .

1 HEGHERAARRELREER K MSE, PSNR 1 Definition 4%
Table 1. MSE, PSNR and Definition of each image for different model.

IILIEEES PM £ ROF %! IEAD %! PCNN-IEAD iR
MSE 396.8103 74.7408 29.0986 112.9350 3.0556¢-05
Barbara PSNR 22.1450 29.3952 33.4921 27.6025 93.2799
Definition 2.3802 87.6246 106.2456 76.7356 132.2020
MSE 352.4852 62.8808 28.6591 94.6936 8.3333e-06
Buddha PSNR 22.6594 30.1456 33.5582 28.3676 98.9226
Definition 2.3129 84.1590 102.2251 74.8052 132.3889

K2 T B e R G

(a) Barbara E{%; (b) Buddha E%&

Fig. 2. Noisy image used in numerical experiment: (a) Barbara image; (b) Buddha image.
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K3 Barbara BE&S BRI EEE  (a) PM B (b) ROF #1244 (c) IEAD #%Y; (d) PCNN-IEAD ##%
Fig. 3. Smoothed image of Barbara for each model: (a) PM model; (b) ROF model; (c) IEAD model;
(d) PCNN-IEAD model.

Kl4 Barbra BIGSHEAITHERMHOK  (a) PM AL (b) ROF 14 (c) IEAD #%Y; (d) PCNN-IEAD ##!
Fig. 4. Local amplification of smoothed image Barbara for each model: (a) PM model; (b) ROF model; (c)
IEAD model; (d) PCNN-IEAD model.
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K5 Barbara B ERFE EIASRIUEG  (a) PM B (b) ROF B, (c) IEAD #%; (d) PCNN-IEAD ##i%
Fig. 5. Edge extraction of smoothed Image Barbara for each model: (a) PM model; (b) ROF model; (¢c) IEAD
model; (d) PCNN-IEAD model.

(a)

B 6 Buddha FE&HEFHERGE (a) PMAIE: (b) ROF #%; (c) IEAD #%!; (d) PCNN-IEAD #7%
Fig. 6. Smoothed image of Buddha for each model: (a) PM model; (b) ROF model; (¢) IEAD model; (d) PCNN-
IEAD model.
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K7 Buddha FUGSBACEHE S RFBK  (a) PM AL (b) ROF #4; (c) IEAD #i4Y; (d) PCNN-IEAD #i%!
Fig. 7. Local amplification of smoothed image Buddha for each model: (a) PM model; (b) ROF model; (c) IEAD
model; (d) PCNN-IEAD model.

8 Buddha B & B fE A ZIRIUERL  (a) PM AL (b) ROF #4Y; (c) IEAD #i%!; (d) PCNN-IEAD #2Y
Fig. 8. Edge extraction of smoothed image Buddha for each model: (a) PM model; (b) ROF model; (c) IEAD
model; (d) PCNN-IEAD model.
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Abstract

In image processing, most of the anisotropic diffusion models based on partial differential equation use gradient
information to detect image edge. If the image edge is seriously polluted by noise, these methods would not be able to
detect image edge, so the edge features cannot be retained. Pulse coupled neural network (PCNN) has the property
that similar input neurons can generate pulse at the same time; this property is used to process the noisy image, and
we can get an image entropy sequence. The image entropy sequence which will be used as an edge detecting operator
is introduced into the diffusion equation, and this will not only reduce the defects produced when the gradient is used
as an edge detecting operator so it is easily affected by the noise, but the area image information can also retain more
completely. Then, we will use the rule of minimum cross entropy to search for a minimum threshold, which would
satisfy the condition that the information difference between noisy image and denoised image is the minimum. The
optimal threshold designed will control diffusion intensity reasonably, and the anisotropic diffusion model based on pulse
coupled neural network and image entropy (PCNN-IEAD) can be established. Analysis and simulation results show that
the proposed model preserves more image information than the classical ones. It removes the image noise and at the
same time protects the edge texture details of the image; the proposed model retains the area image information more
completely, the performance indexes can also confirm the superiority of the new model. In addition, the operating time

of the proposed model is shorter than that of the classical models, therefore, the proposed model may be the ideal one.
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