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SRS, n: HLgs A 2] 5L DUoTHemd 7, RO e AT B BB 2 )L MBI HoR D01 pi e i
g W & R IXEETVELE — e LB B RRAR M Gl A 5, U5 ORAF AR SR S AR B vy o AL BN
IR BEAF IR e B A Rl AL 2245 D IR OR REd tH — Ak REmi AL LU 5 T, — T, S5k BN
MRV, RIS 5 8 AR 3R 22 8] 3 A X Rt BB GG I i g — T3, AE BB 58 | M RTIR T, S8
EHREAE I, T AR L% (ONN) AZ BRI TE H S R, AR SORESE T 4 I A0 22 1 2%
RO BB IL G PR U EEBEAT SRR, RIS DUZ B &8 KT, FT ARSI A E A Jo 2 S T A =) T

1998 4, Chua 1 Yang "2 4@ tH )40t 2 4%, T ILAE MR R R R A 2 L R 0n) . N DR BE
BB RIS FR A SN i R e R AT A FRRE g (810 T 2 lE . AR 2 g T MR AL B
FRBEAE T BRI R e v, FEAH B AR 22 W 4IRS T5 R R I ANAR N R B AT AR R A, LR 28 AE R A AT B
R 2 (IR AT 2 3], 49 B o 55 REASSALLD 1o R ASEAR [16-27), s A% B0k ) L pORE B34 119, 1 K
SLFANGR RO FE AL T, SRZE N, 55— SRR T DU A B2 £ 240 Ao £ I 246 8 [
SE [ A RRARONT S U RRAR EAT IS ARAL B SCBLA S5 . th T3 TR Ak, i T 80— A ARO AR ) 4
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FTHOX — 185, A2 BH A% SEELGH B AR 22 90 2% LR, A0 55 20 I 2 TA] Ik 20Rs BE X, AT e 4
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Figure 1 Topology of a CNN, in which the squares represent cells with identical structure
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Figure 2 (Color onine) The circuit representation of an SM-CNN cell
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Figure 3 The structure of a spintronic memristor based on magnetic-domain-wall motion
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Figure 4 (Color online) Characteristic curves of the spintronic memristor. (a) V-I Characteristics; (b) threshold char-
acteristics (V = 1.05, f = 10 MHz, parameter of memristor: D = 1000 nm, h = 7 nm, z = 10 nm, Rel = 50, GMR =
12)

J= (5)

X b2 RO LIRS R AR, w SRR s, 0 B BEIZ B IZERAE M (t) WTHIEK (6) K&

M(t) = o+ (Rott — Bon) - 5-—a(). (6)

WAWSEE IS BN R T, HIEIEA S SR RHEVEOUE, BRI R RS R T I AR Jo
I}, WeEEA 2823, DIt B BEIZ P BT BMEREPE. BATH Jop RETSA R R L, W BE EE (1125
(A IEi o/ IE

r t
== e dt.
v DAJH (7)
J’ J 2 JCI')
Jog = (8)
0, J< Jor.

A Matlab X B BEAZBH & B 22 R4k LR BRI R PEREAT BB 07 3, D7 1A R 4 s,

3 MAREBENFEEGILSGIRE
3.1 BHiENEESRH

WHFERM, 25 R R A BRI, NIR—TFRTCIR S 50 ARG e ae, R A 245 L 53R By 52 R
A RE S L AL, SCHR [31) BF AT T AR BIFPIR A M AT HER 4RI AEAN R e BE 50 2 T S DA BR 0%
A, I RGN IR SERE R TR e &, 2 SR [32] FF AT 6. BERA IR Se A AT B i
TR, AR RSt PR (R0 G 4R B Rk B 1) SR P 8 — B AR AE LA A B )30 G e Bk
RN TR ORGSR B & Rk, 7 ZAR A F GO R HUH R A IR BE IR
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Table 1 Three primary colors vision functions

Color Wavelength (nm) Luminosity function
Red 440 0.114
Green 500 0.587

Blue 660 0.299

A /MO ZEAEL, SR [31] FR A 3 e o0 15 920 570 P 2 [ LS B2 i 2 (). 45 21 f5e /M 0 22 B Mo

3 (9)~(11) B2 Fiog:

12734exp(—0.1494¢), 0 < g < 37,

5107.5exp(—0.1015g), 37 < g < 60,

120470exp[(0.07g — 7.55)exp(0.0026g) — 0.089¢], 60 < g < 97,
8.003, 97 < g <255,

12734exp(—0.14947), 0 <1 < 37,
N 5397exp(—0.1015r), 37 < r < 60,

T =
127300exp[(0.07r — 7.55)exp(0.0026r) — 0.089r], 60 < r < 97,

8.4569, 97 < r < 255,

12734exp(—0.1494b), 0 < b < 37,

9101.6exp(—0.1015b), 37 < b < 60,

241750exp[(0.07b — 7.55)exp(0.0026b) — 0.089b], 60 < b < 97,
14.2663, 97 < b < 255,

Ab =

Horbor, g, b NG 3 P BIE R, Ar, Ag, Ab A NIRXT Rt BUG L it BE R A ) e /N AL
Zrth . WEEE. T =R eER ORGSR EEIAE, SR [21] & =R 60RO e %,

FLE IR 1 s, 474 DA RS, Wik RME T a0k
Ti,j = w,.Arw- + U}gAgiJ' =+ wabi,j,
I w, = 0.144,w, = 0587, wy, = 0.299.

3.2 ETZESHHNERERENEXRRITS AN

(12)

I 3.1 NI, AT RIEE T ONIRAL SRR ) B G N CUZE K B, FE SRR b AT

FERIBCT, SR G A M AR 2 I 4530 R BN, B IR RIRAROE 3

000 bi—1,j-1 bij—1 biv15-1
A=10a0|, B= bi—l,j bi)j bi+1,j , I=z
000 bi—1,j+1 bijt1 bit1j41
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SCHR [21] PR BT Rt MR A AR IR, AR B AN [ s, K i B & N BE T
kikse, ik
S, Auij > Tij,
br = (13)

—1, A’U,ij < TZ]7

Hrr, Au RGBS ZEE, B O w(i, j) SEAEEIML w(k, 1) Z T8 150 2 F0 & B 4y &
P BEE SRR DOE, it (14) 45,

T
u(r)ij — w(r)itk,j+i wy
Au=lu(g)i; — u(g)itk j+i wg | - (14)
u(b)ij — u(b)itk,j+1 wp

iﬁﬂﬂnﬂljﬁfﬂ, B B B BUE A e T v 20 5 ARk Am M 2 e 22 1 (RIER 2 fH 8K,
FEABAPAER AN ), B SZ AR A B AG 2 5] A AR R AR BE B (R sl A oS P B Az DU A48 A AR BEBROR, X =X
(13) AT, gl)\LIEﬂ.?, & X UF:
b = s 3 flw), - Auiy > T, (15)
—-1x f(bkl)v Auij < ,Tija

F(b) AR B, S 7R A SR Z R DB R . NS R S R R R
BTSRRI, HAER N, S MK 5 SO

D(b,;, bkl))

Os

f(bri) = exp (— (16)
D(bij, b)) FaMBBEREPOERMEER, o, N f(b) MBIREZER T, RE f(b) FIZRMURE, A3
oo B 2. FEVHEAZHSH M 22 X 48 (AT R E, AMEZE T8 T N XS B 8 4y & i /N ZEAE R 2, [R]
BB A2 B 28 2 [ 0 AR IR AE 3 x 3 BIARIRA, D(bij, b)) € {1,v2}. IR AGAR TS E A
LU

2R D fe:

4 —RIFSEARIR Q,

B u(t) = Q,

WIEAE: =(t) = =(0),

LGB [ oA, MR A uij = yi; =0,

fir: y(t) = y(o0),

(1) Bt (—1): LTt 20f 3 N2 Au>T,

(2) B (1): BTt RZ RE 2 M2 Au<T.

EIL Y 2 M s R RRI (17) B, BEBCKE REAR T H 14 Skl 45 5.

3s- f(b) +2z>5,
2s- f(b) + 2z < 6.

869



Pl BT 512 PELAR o e 222 19X 4 1A R £ PR G 2 4 BR

X EEHATRRGE T, & wij = ook beg ke + 1, HEAMMMPLEME GTFEUT, X B o R
B A HR A EUE:
T +a+wy, x> 1,
d.’l?ij (t)
dt

= —M(zij) + wij + ayij =  —xij + azi; +wi;, —1 <@ <1, (18)

—Tij —a+wij, Ty < —1,

s, RPN, yij = —1; M1 —a <wiy <a—1, % 2;(0) > —%jla yij = 1; 4 145(0) < —%7
vy = —1. 2 235(0) = —2 BH 245(0) = 0 B, wy5(c0) FAEHEL, FTAREFEZ AT B &
a=2,2;5(0) =0 N EARBAIEH

1, wi; > 0,
Yij(00) = { (19)

-1, wi; < 0.

SHEFE 1 BHATIEM, 5 pg NABIERAII AL Au > T IS p, N E Au < T AN 25
BHR (—1), W po > 3, TR wy; > 0, HEHNEAG (1), W py < 3, TFE wy < 0, WATHES
3 (20):

wij =ps-s- f(b) + (8 —ps) x (=1) +z2=3s- f(b) =5+ 2>0,

wij =ps-s- f(b)+pax(—1)+2z=2s-f(b) —6+2<0.

3.3 SKWERSHH

7E Matlab WX BVEREAT 07 B, AR 3 1, N T2 ONN 3 % iRt e, 4 s =2,2=1,
X} ONN HEAR3EAT 15 Bk it

Stepl: fIA—IE 256 x 256 B R FIEAERE, 25X AME R AR RGB =48t 7 &, fiddE X
(12) R B{E T;

Step2: MRAE (15) MEEIEE(EE Au IR HE T £(0) B2, K B &N ISR B;

Step3: WEWIRHE » = Q (A B KB BGIERVIGE), BEdifmamegdt A, B 1
WSEn T

(20)

000 bi—1,j—1 bij—1 bit1,j—1
A= 0201, B = bifl)j bi’j bi+1’j ) I=0.
000 bi—1,j+1 bij+1 biy1j+1

BTG R0 4.

AR Lena, House BRIZZ N 256x256 [ RCB B EUEIE NIA SR F G E G, W 5
i~ AT RAE S L 3 IUE T BFE: Sobel 57 Robert ¥ . Prewitt 5F. Log 57 PA X
Canny H-T B3, S HUE A7 HA P& FIE LSS s Rl 6 1 7 k.

07 B4 R LG, A% G010 S 3R AU Re RS M B IR i S50 R, (E T 40715 abil 2%,
Kl 6 ' Lena RITIETLE « AL K22 AL St R AN W] B 1 7 S B RUCR AN FLAE. Sobel 5
T+ Robert 55 M Prewitt 57 BRI RAFAEHE ™ EHIIRKL, Cannys 5i% B AE S HUH B2 475 Ab %
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Figure 5 (Color online) Original images. (a) Lena; (b) House

6 Lena BI04 IEEL

Figure 6 The figure of Lena’s edge extraction. (a) Sobel; (b) Robert; (¢) Prewitt; (d) Log; (e) Canny; (f) color image
edge extraction base on self-adaptive threshold (with space factor)

3, 5 D Pt LU AN A 5 I o i G 4R BUSRAE N R AL B PP AEBRAR L IR . X House Bf& L Sobel
Bk Prewitt HIEM Log HIEARERNEI P BRI, Canny kANl 72 B b3 205 2 00 RIS th 7 4=
TRERSREGE R, xR S EE R BT L AR, B AL G0k, A 5 T2
[F1) R 1) AL S 2 G I B9 DU R SO L R A 34 E6E NP G A I ), TS 0 . FLE AR 42
SEYNAT A REROAE B B BRI, 5 I P bl A BN A0 1 S TR ) B A S K P AR T T T A
FIVR BRI G SN, 125 e ERAS I G UG B A Rk 6 RRTOUAS) LAY 58 T PO S0 S5 40 1 Ak
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(e) ®

7 House E&iNSIRE
Figure 7 The figure of House’s edge extraction. (a) Sobel; (b) Robert; (c) Prewitt; (d) Log; (e) Canny; (f) color image
edge extraction base on self-adaptive threshold (with space factor)

[edhmbidsiE ] =

F= 2 BIDGREBEZEN FOM EELE

Table 2 A comparison of FOM among all kinds of edge detection algorithms

Test image Sobel (dB) Robert (dB) Prewitt (dB) Log (dB) Canny (dB) Self-adaptive (dB)

Lena 0.3218 0.3904 0.4371 0.4932 0.5197 0.8492
House 0.3102 0.3635 0.4062 0.4604 0.4963 0.8177

IA 2 A5 B BEECNERR A I, 5340, AR 5 VEAS B RTA G40, Fe )5 52 s, 7215 B
NE IR R L AR AU W] AL T AL Sk

N T IRAUEIZTTVE B R, LGSR 45 R 134T 7€ B R PR, A SCRAIPEREFR B8 FOM (fig-
ure of merit) B4 X AN [ BT B LU, HH FOM & i F:

1 N 1

max(N;, Ny) z; (14 ad?)’

Horb) NG, Ny 93 R BRAR R IO AR 2R B AN SEBRR in ZAR 2R R, o A2 R B (BRI 1/9),
d; Rt RN S5 K0 AL & S IR . FOM EAET 0 3] 1 1), {EHOK Ui 24
U B R . AL X) Lena, House PR RGB #0815z AN A Tk G IUEE IR, 11 A5 3 1)
FOM 1N 2 Frow, 3t — 0 U R FASCRLE (70 G R M BCR W s 1 oA 5500

BT BB A S AL LA e T2 o A m] e 2 32 B A5 135 4%, bt by B T 284 N A2 Y Gawss
W7 p R TE 51D ARG I 75 R FU R e R h 7= 2R 1) Poisson M5 Oh 1 B A ML DL 50025 (0 S B
B, AR SCREE— 20 0] % SRR U BEHEAT 20 FERUE DT P IDAISMEDN 0, 72N 0.1 ) Gauss
eEE A 8. HoB s EG AR I AE R 9 A1 10, 7T LLE H, Robert 2 T-7F Lena A1 House 52 8
SRHIE LT J LR RILGAT I B RE 7T, R BER SRR B — LLns ks 1M7L TG 75 V5 B 4R B BT 1

FOM = (21)

872



HERBYERRE BA4TE B TH

@ | W)
8 (MEMFE) BRERE

Figure 8 (Color online) The noise polluted image. (a) Lena; (b) House

9 /N Gauss I£F Lena B{§in%iREL

Figure 9 The noise polluted figure of Lena’s edge extraction. (a) Sobel; (b) Robert; (¢) Prewitt; (d) Log; (e) Canny;
(f) color image edge extraction base on self-adaptive threshold (with space factor)

Canny 5i%, BAATI I KBURIL S, EA05T 28 E, PHREER. Hth At —E g L2 2
TR, AR BN L G I AR, T T ARSI B SREAE R A S T, U0 AR AE R B BB 3 O 4R {5
B BB RCRI R AT H A L.

N T RAESIR RPN, XA G SRIA45 R AT 2 BRI VAT, 70 703K H AR S R IR A5 1
tL (PSNR), XMk REREAT £5 G 0 My, FL P (5 e L e SO

PSNR = 20 x Ig (%) , (22)

/\EP,

1 N N
MSE = m Z Z(xi’j — yi,j)za (23)
i=1 j=1
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Figure 10 The noise polluted figure of House’s edge extraction. (a) Sobel; (b) Robert; (¢) Prewitt; (d) Log; (e) Canny;
(f) color image edge extraction base on self-adaptive threshold (with space factor)
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Table 3 A comparison of PNSR among all kinds of edge detection algorithms

Test image Sobel (dB) Robert (dB) Prewitt (dB) Log (dB) Canny (dB) Self-adaptive (dB)
Lena 13.6739 13.6466 13.6772 10.0051 8.5541 22.5676
House 14.2789 14.9443 14.4847 9.7481 7.2392 24.3161
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Color image edge extraction using memristor-based CNN
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Abstract Because of the locally connected lattice structure and high-speed parallel processing, cellular neural
network (CNN) have been widely used in image processing. Traditional processing methods typically employ fixed
templates, which impose significant limitations on practical complex image processing. However, the hardware
implementation of large-scale CNNs becomes impossible due to the bottleneck of traditional CMOS technology.
In this paper, a new threshold-adaptive algorithm is proposed by considering pixel space distributions based
on human visual perception, which can overcome the aforementioned limitation. Then, the memristor, a two-
terminal nonlinear device with unique high-speed switching, nonvolatility, and nanometer scale is used to solve the
circuit realization problem. Specifically, we design a spintronic memristor-based CNN (SMCNN) to facilitate the
proposed threshold-adaptive algorithm. Finally, by using the example of color image processing, the effectiveness
of the proposed SMCNN is demonstrated by means of numerical simulations and comparative analysis.

Keywords memristor, cellular neural networks (CNN), color image processing, edge detection, adaptive thresh-
old
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