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TOM TAT

Pulse Couple Neural Network (PCNN) 1a m6 hinh mang noron nhan tao dugc phat minh dya
trén m6 hinh v6 ndo thi giac cua dong vat. So voi cac phuong phap xu ly anh truyén théng,
PCNN c6 nhitng wu diém nhu: khong can tap dir liéu huén luyén, bat bién véi cac phép bién doi
hinh hoc cua anh, chdng nhidu manh, d 6n dinh cao. Trong bai bao nay, nhém tac gia s& trinh
bay két qua nghién ctru mé hinh PCNN va tng dung mé hinh trong rat trich dic trung anh va
nhan dang anh. M6 hinh PCNN dé xuat s& dugc kiém chimg bang két qua mo phong trén phan
mém Matlab va sau d6 tién hanh thiét ké phan ctrmg cho mang noron PCNN dua trén céng nghé
FPGA. Két qua minh hoa 14 khdi rut trich ddc trung cta anh v&i ngd ra 13 cac vector dic trung.
Ldi binh phuong trung binh (MSE) gilta vector dédc trung cua anh ¢ ngd vao va vector dac trung
chudn duge dung nhu 1 mot tiéu chuan dé nhan dang, phén loai anh. Anh duoc st dung ¢ day la
cac anh mirc xam. Két qua thuce nghiém thu dugc trén phin mém Matlab va trén co s& phan cing
hoan toan tuong ddng nhau.

Twr khoa: PCNN, vector dac trung, MSE
ABSTRACT

Couple Pulse Neural Network (PCNN) is the artificial neural network model was invented
based on the visual cortex model of animals. Compared with other traditional processing
methods, PCNN has some advantages such as not require training data, invariant to geometrical
transformations of an image, robust against noise, highly stable structure. In this paper, the
authors present results of a research on PCNN model and its applications in image feature
extraction and image recognition. The proposed PCNN model is verified by the simulation
results obtained from both Matlab software and FPGA implemetation. The demonstration is an
image feature extraction block whose output is a feature vector of the input image. The mean
square error (MSE) between the feature vector of the input image and standard feature vector is
used as the criteria to recognize, classify the image. Images are used for this study are gray level
ones. Experimental results show good agreements between Matlab software implementation and
hardware implementation.

Key words: PCNN, feature vector, MSE

I. GIOI THIEU thudt toan clia mo hinh PCNN bét ngudn truc

Pulse-Coupled Neural Network (PCNN) la tiép tir viéc nghién ciru ddc tinh thi gidc cua

n . A , dong vat c6 vu, no rat phu hop cho xtr 1y anh,
mot loai mang noron nhan tao dugc st dung S ’ Y N

. A ~ . 1 % nhu: rat trich dac trung cta anh [4], phan doan
chu yéu trong linh vuc xtr Iy anh [1], [2]. Ung | N . & TS
dung ciia PCNN bit ngudn tir mé hinh noron an.h (5], [6], do canh [7], glam nhicu va lam
cua Echorn [3]. M6 hinh noron cua Echorn min a nh [8]; PCI\;IN kha’c Vol cac mang noron
dugc phat trién dua trén quan sat t& bao than ga 10’ph truyerlll t hontg: nﬁ‘li mo Emh vml(_)’t 1 Uﬁ
kinh vé nao thi giac cia meéo va mo phdng on naung chumg to phu hop cho X’ Iy ani
hoat dong ciia t& bao thin kinh thi gisc, vi o1 gian thuc [9]. PCNN s tao ra mot chuoi

T ’ cac anh xung nhi phan & ngo ra véi ngd vao la
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cac gia tri muc xam cua anh. Duya trén cac anh
xung nhi phan, hé théng s& trich xuét ra mot
vector dac trung cua anh. Trong linh vuc thi
gidc may tinh c6 nhidu phuong phap va thuat
todn da duoc su dung dé rat trich dac trung
ctia anh [10]. Cac phuong phap truyén thong
t6 ra kha hiéu qua dé rut trich cac dic trung
cua cac anh don gian nhu: cac dang hinh hoc
don gian hodc cac ky tu. Tuy nhién, chung rat
nhay voi nhidu; tham chi cho két qua khong
chinh xac trong truong hop cac anh phuec tap.
Bén canh d6, cac phuong phap niy chu yéu
duoc thuc hién trén phén mém, do vay can
nhiéu thoi gian dé xir 1y. Trong khi d6, do c6
ciu tric don gian, PCNN kha linh hoat khi
thyc hién xubng phan ctng va 1a mot phuwong
phap tiém ning cho cac tng dung xtr 1y thoi
gian thyc [9]. Trong bai bdo nay, tac gia s€
trinh bay mot thiét ké phan cimg cho mang
noron PCNN va tng dung dé rat trich dac
trung cua anh mirc xam.

Noi dung chinh ctia bai bao gdm nam phan.
Phén I va phan II giéi thiéu ndi dung va trinh

bay cdu traic mo hinh mang noron PCNN.
Phuong phap rat trich dic trung cua anh va
qua trinh thyc hién phan cimg cho mang noron
PCNN duoc trinh bay trong phan III. Phan IV
trinh bay cac két qua thuc nghiém thu dugc
trén phan mém Matlab va phan cing FPGA.
Céac két luan dugc duara & phén V.

II. MO HINH MANG NORON PCNN

PCNN chi don gian 1a mdt mang ludi don
16p hai chiéu voi cac két ndi bd phan, cuc bd
gitra cac noron. Kich thudc cua PCNN tuong
ung voi kich thude cuia anh ngd vao. PCNN
dao dong dua trén cac kich thich dao dong tur
bén ngoai va cac kich thich cuc bo & bén trong
mang. Cac kich thich tir bén ngoai chinh la gia
tri cuong do cua cac diém anh & ngod vao, cac
kich thich cuc by ¢ bén trong chinh la céac tin
hi¢u dao dong tir cidc noron lan cén xung
quanh. So db khdi mo ta cic thanh phan ciu
tao nén mang PCNN duogc thé hién trong hinh
1.

Anhngd vao
Feeding Nouéng
Tac ddngen
cac noron
xung quanh i -
o Hoat ddng B phat gora
Linking | melip . . 2 > P
bén trong xung

Hinh 1: So d6 khdi cac thanh phén co bin cia PCNN

Su md ta toan hoc dﬁy du ciua PCNN
dugc dua ra boi Ranganath H S, Kuntimad
G va Johnson JL [2]. Thuat toan dugc thuc

F[n]=S8; + F;[n-1]-e FtV,- Z M, Y, [n—
L,[n]=L,[n- l]e“L+VZ Y, n—1]

U,[n]= F,[n].(1+ B.L;[n])

1 ifU.[nl>T.[n
ppgo]l TULI> T
‘ 0 otherwise
Tn]=T,, “T+VTYU[n 1]

Trong do, S; 1a k1ch thich ¢ ngd vao tuong
g 1a cac mirc xam chuén hoa cua cac diém
anh ¢ vi tri (1, j), F;[n] 1a ngd vao hoi tiép cua
noron tai vi tri (i, j), va Li[n] 1a toan hang lién
két. B 1a hé sb lién két. Ujj[n] 1a gia tri hoat
dong bén trong cua noron, va Tj;[n] 1a ngudng

1]

hién boi sy 1ap lai lién tuc & ngd vao va ngd
ra, vdi cac phuong trinh toan hoc nhu sau:

(1
)
3)
4
)

dong. Yij[n] l1a gia tri dao dong & ngod ra cua
noron, cO gia tri nhi phan 0 hodac 1. M va W la
céc ma tran hang s trong s sinh hoc (két nbi)
cho cac ngd vao feeding va cac ngd vao
linking mdt cac twong ung va phu thudc vao
khoang céach gitra cac noron, thong thuong M
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va W duoc chon g1ong nhau. af, o, va ar la
cac hang sb suy giam theo thoi gian cia Fii[n],
Lij[n] va T;[n] mot cach twong tmg. Vg, Vi va

Vr 1a cac dién thé von co ctia Fj[n], Li[n] va
Tijln] mot cach tuwong ng.

Threshold : i

T 4_| *
exp(-a,) /
bt 3 5

Ving nhan tin hiéu

Hoat ddng bén trong

B phat xung

Hinh 2: Céu tric chi tiét cia mang noron PCNN

Hinh 2 14 cdu trac chi tiét cia mang noron
PCNN. Mbi noron nhan tin hiéu tur hai ngd
vao, 1a ngd vao hoi tiép Fj[n] va ngd vao lién
két L;[n], sau d6 phat ra tin hiéu hoat dong bén
trong Uj[n]. Khi Uj[n] 16n hon gia tri ngudng
dong Tj[n], PCNN s¢€ tao ra chudi xung Y;i[n].

IL  RUT TRICH PAC TRUNG CUA
ANH DUNG MANG NORON PCNN

3.1 Phwong phap thuc hién

Mot 4nh ¢ ngd vao dugc bién doi thanh mot
tap cac anh xung khi qua khoi PCNN. Cac anh
xung nhi phan trong khong gian hai chicu

Anh ngd vao

e

<>

Anh xung nhi phan

Y[n]

v

Vector ddc tnimg
G[n]

duogc bién d6i thanh tin hiéu trong mién thoi
gian mot chidu. Do chinh 1a vector dic trung
cia anh, c6 tinh chét bit bién va don nhat.
Vector tin hidu thoi gian nay c6 thé duoc ding
trong cac rng dung phan loai hoac nhan dang.

Qua trinh thyc hién tung budc dugc mo ta
trong hinh 3. Viéc tinh tong s6 dao dong cua
cac noron ¢ ngod ra cua cac anh xung s€ tao ra
mot tin hiéu thay d6i theo thoi gian. Pay chinh
1a co so cta phép bién d6i khong gian anh tir
hai chiéu sang mot chiéu.

Vector ddc tnmg
mau J
So sanh cac
=» vector ddc timg

v

Két qua

- S

Hinh 3: H¢ thong nhin dang co bin dwa trén PCNN

3.2 Vector tin hi¢u thoi gian (Time signal
vector)
M&i anh xung nhi phan s& duoc bién doi
thanh mot vector thong tin don nhat, goi la

vector dac trung cua anh (feature vector), hay
con goi 14 vector tin hiéu trong mién thoi gian
(Time signal vector) [2] va dugc tinh theo
phuong trinh (6). Thyc nghiém ching t6 rang
hau hét cac anh déu co vector tin hiéu thoi
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gian riéng biét Vé.bét bién voi cac su thay dbi
nhu xoay, thay doi ty 1€, dich chuyén hay su
nghiéng Iéch cua anh.

=2.¥,,[n]

Co thé dung vector dac trung dé thuc hién
cong doan nhan dang anh, tuy nhién dé tang do
chinh xac ta thuong dung gia tri entropy cua
anh va sai sd binh phuong trung binh (Mean
Square Error- MSE) duoc tinh lan luot theo
phuong trinh (7) va (8). Entropy la mot yéu to
thong ké phan anh chat luong thong tin cua
anh [1]. Trong do, p; va po biéu dién xac xuét
khi Y;[n] = 1 va Y;j[n] = 0 & ngd ra mot cach
riéng 18.

(6)

E.(p) =-pilog:pi—polog: po (7)

MSE gitta cac vector dac trung duoc
tinh theo phuong trinh (8).

MSE %Z[E; (P -E,(p)F (8)

O day,E, (p) va E.(p) 1a cic gia trj
entropy cua vector dic trung chuan va vector
dac trung dang xét dén.

3.3 Thuc hién phén cieng cho PCNN

Tac gia st dung ngdn ngit mo ta phan cimg
VHDL dé thiét ké phan ctmg cho mé hinh
mang noron PCNN. Sau d6, két qua thiét ké
duoc 4anh xa 1én cac FPGA dé kiém tra hoat
dong ciia mang PCNN. So dd khéi cho qua
trinh thuc hién phan cémg cho mang noron
PCNN duoc thé hién trong hinh 4. V& co ban,
chung ta can hai khéi bd nhé cho qua trinh xtr
1y cia PCNN. M6t bo nhé dung dé luu trit anh
géc ban dau, va mot bd nhé dé luu trix két qua
thu duoc. Két qua ¢ ngd ra chinh 1a cac vector
dac trung cua anh, G. Cac vector dic trung nay
duoc st dung cho qua trinh nhan dang hodc
phan loai d6i tuong.

Cac noron xung
quanh, Y[n-1]

0701 0.7 Vector déc trung, G
T 1 1] AnhxungY =y
0.7(1]0.7
Anhngd * \
vao S PCNN Y G
.
-] RAM bl Core =) (2 = RAMZ

Hinh 4: So 0 hé théng phin cirng mang noron PCNN

Dt li¢u tr bo nhé duoc dua vao bén trong
PCNN dé kich thich cac noron dao dong. Bén
trong PCNN, cac noron s& tdc dong va anh
huong qua lai 1an nhau. Mdi noron s& bi anh
hudng boi su dao dong cua cac noron lan can
gan nhit, Y(n-1). Y(n-1) 1 gia trj dao dong
trudc do cua céc noron xung quanh. Su anh
huong nay duge dac trung boi ma tran trong
s6 két ndi gilta cac noron. Cac gia tri cua ma
tran trong sO0 M, W bang 1 d6i véi cac noron &
gin nhit va c6 gia tri giam dan d6i voi cac
noron & vi tri xa hon. CAu trac chi tiét thuc
hién phan cimg cho khéi PCNN dugc thé hién
trong hinh 5. Trong do6 cac gia tri aF, aL va aT
chinh Ia cac hang s6 suy giam tuong tmg voi

cac gia tri e, e va e trong phuong
trinh hoat dong ciia PCNN. Cau trtic bén trong

PCNN chu yéu bao gém cac bd cong, bd nhan,

mot bd so sanh va mot bd da hop dung dé thay
ddi gia tri ngudng khi noron hoat dong. Cac
flipflop dong vai trd 1a cac thanh ghi ding dé
luu trir cac gia tri hoat dong bén trong: F, L, T
cua mang va cac gia tri ndy dugc cép nhat lién
tuc sau mdi 1an 1ip cia PCNN. Hinh 6 1a so do
khéi céu tao mot noron PCNN. Trong quéi
trinh hoat dong, tin hi¢u iS_data truyén tai cac
gi4 tri mirc xAm ctia anh dén khdi PCNN dé xir
1y sau mdi chu ky xung clock. Nhu vay, véi
cau truc thiét ké nay, tc do xur 1y ctia noron 1a
mot diém anh trén mot chu ky clock. iY_data
la gi4 tri xung dao dong ctia cac noron xung
quanh tac dong 1én noron dang xét. oY data la
gia tri xung dao dong & ngd ra cua noron. Khi
mot noron dao dong s€ tao ra mot xung & ngd
ra va gia tri ndy duoc hdi tiép vé dé gia ting
gia tri ngudng oT data cho noron. iF data,
iL data va 1T data la cac gia tri dac trung cho
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su hoat dong bén trong cua noron, ban dau cac
gia tri nay dugc khoi tao bang 0 va lién tuc
thay d6i sau mdi budc lip cia PCNN. Trong
hinh 6, iF data, il data, iT data, oF data,

iS_data  jF_data

Matran M, W

oL data, oT data la cac gid tri dao dong tuong
ung ¢ ngd vao trudc do va & ngd ra tiep theo
cua mang.

oF_data

oT_data iT_data iY_data

*VF

+

0.7 1 0.7

Céc noron
xung quanh
(iY_data)

1 1 1

0.7 1

07 VL

Constant = 1

U/

iL_data

N Flip
ol_data

Hinh 5: Cu truc thuc hién phan ctiing core PCNN

iClock
]
iS_data
. R
]
iY_data of_data
78
iF_data . oF _data
Gia tri ngd % noron g Gia tri ngd ra
vao trrdc do ) iL-data . FENN oLdata "4 theo
iT_data oT_data
712 712
reset

Hinh 6: So d6 khdi mot noron PCNN

Cac gia tri mirc xam cua anh, iS_data, chinh
la céac kich thich ban dau dé cho cac noron
trong mang hoat dong va anh hudng sudt trong
qué trinh hoat dong cua mang. Dua trén céc
anh xung duoc tao ra sau moi lan lap cua
PCNN, vector ddc trung cua anh dugc tao
thanh va luu trir lai l1am co s& dir li€u cho qua
trinh xir 1y tiép theo. Kich thudc cuia vector

dic trung G twong Ung voi sb6 lan lip cua
PCNN.

IV. KET QUA THUC HIEN
4.1 Céc thong sb ciia PCNN

Trong bai bao nay ching ta sir dung
cac thong s6 cia PCNN trong bang 1. Cac
thong sé nay dugc gan dua trén thuc nghiém
va vao tmg dung cy thé.

Thong s6 OF o or

VE Vi V1 B

Gi4 tri 0.5 1.0 1.0

0.02 0.02 10 0.2

Bang 1: Cac thong s6 co ban ciia PCNN

Cac ma tran trong s6 két nbi M va W ¢o
kich thuée 3x3, dugc thé hién trong hinh 5.
Gia tri tai cac vi tri trong ma tran dugc tinh
béng 1/r, véi r 1a khoang cach tai vi tri ta mubn
tinh cho dén tdm cta ma tran dugc tinh theo
cong thuc tinh khoang cach Euclide.
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4.2 Két qua md phong trén Matlab

Tap dir li¢u dugc st dung la cac anh muc
xam c6 kich thudc 128 x128 pixel. Cac anh
nay lan luot duoc xir Iy va bién d6i thanh cac
anh xung nhi phan Y[n] ¢ ngd ra cuia PCNN.
Tu d6 tao ra cac vector dac trung cua anh G.
Céc két qua mo6 phong dugc thuc hién dya trén

lena

10

phan mém Matlab. Sé lan lap ciia PCNN 1a 32
lan. Vector ddc trung twong tng voi mdi anh
s& ¢6 32 phan tir, mdi phan tir dic trung cho
gia tri thong tin cia d4nh & ngd vao sau mdi
budc lap. Sau d6 MSE gitta cac vetor dac
trung dugc tinh toan dé phuc vu cong doan
nhan dang anh.

cameraman

skater

| MUIW =

|

f |

| i
L |

W]
i 1

\ gt
1oL J\ [
f .

saniaial  AVisES VRS
20 = g 1 1t Pl

Wiz
]

Hinh 7: Céac anh khac nhau va cac vector dac trung tuong trng

Hinh 7 thé hién cac vector dic trung thu
duoc twong ng v6i cac anh khac nhau. C6 thé
thiy 1a voi cac anh khac nhau sé c6 vector dic
trung khac nhau. Néu gia dinh anh can nhén
dang la anh Lena. Gi4 tri MSE giita cac vector

dac trung cia cac anh khac so voi anh Lena
duoc tinh toan va thé hién trong bang 2. C6 thé
thdy gia tri MSE thu dugc s& khac nhau, va
MSE nhé nhét khi hai anh twong dong nhau.

Anh mau Lena
Anh test Lena womanl woman?2 skater cameraman
MSE 0 0.0321 0.0499 0.0685 0.1382

Bang 2: MSE gitra cac vector dac trung cua cac anh khac nhau

Trong truong hop anh can nhan dang
bi nhiéu hodc c6 nhimng sy thay doi vé hinh
hoc. Gia str, cho anh lena thay ddi kich thude
(16m, nho), bi nghiéng hoac bi quay mot géc va
bi anh hudng bdi nhiéu Gaussian hoic nhiéu
xung. Chiing ta ciing thu duoc két qua thé hién
trong hinh 8 va bang 3. Cac vector dac trung
trong hinh 8 c¢6 muc do twong quan rit cao, vi
tri cac dinh va ti 1¢ d 16n c6 muc do trung
khép cao.

Céac két qua thuc nghiém thu dugc & trén
chtng t6 rang PCNN 1a mot phuong phap hiéu
qua trong linh vyc xtr 1y anh. Vector dac trung
duoc tao ra c6 tinh chat don nhét dic trung
cho timg anh va bt bién véi cac thay doi hinh
hoc cua anh, khong nhay voi nhidu. Cac két
qua md phong thu duoc trén phdn mém Matlab
12 nén tang dé thyc hién thiét ké phan cimg
cho mang noron PCNN.
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lenal(size = 1.5) lenad(size = 0.5) lena3

LM ETERERE

lenad lena(gaussy lena(umpulse)

e

Hinh 8: Su thay d6i cua anh lena va cac vector dic trung tuong Gmg

Anh mau Lena
Anh test Lenal Lena2 Lena3 | Lena4 | Lena gauss | Lena impulse
MSE 0.00014 | 0.00027 | 0.00076 | 0.0036 0.0049 0.00047

Béang 3: MSE gitra cac vector dac trung cta cac anh lena khac nhau

4.3 Két qua thye hi¢n trén FPGA

So dd phan cimg FPGA rit trich dic trung
anh dung thuat toan PCNN duoc thé hién
trong hinh 9. Trong nghién ctru nay, kit FPGA
DE2 cua Altera dugc sir dung dé hién thuc hoa
thuat toan PCNN trén phan ctmg. Sir dung ciu
trac phan cing dugce thé hién trong hinh 5,
toan bo hé théng phan cimg PCNN dugc cai
dat 1én kit DE2 théng qua chuén giao tiép USB
Blaster. Tan s6 hoat dong cua chip FPGA
Cyclone II 1a 50 MHz. Dt li¢u anh tir b§ nho

dugc dua tryc tiép vao khéi PCNN sau mdi
chu ky cta xung clock. Nhu vdy, mdi diém
anh can khoang 20 ns dé xir Iy. V6i anh mirc
xam st dung co kich thudc 128 x 128 pixel, 8
bit/pixel. Gia st mdi anh can tir 50 dén 70 lan
lap, khi d6 PCNN c6 thé xir 1y 60 anh/1 giay.
Pay 1a toc d6 thich hop cho nhiéu tmg dung
thoi gian thuc. Tuong tu két qua thu dugc &
trén, ddu ra cta thiét ké 1a vector dic trung cua
anh ngd vao. Mdi vector gdbm 32 phan ti.

UsB
Blaster

&)

PC PCNN

DE2 FPGA kit

Hinh 9: So db khdi giao tiép phan cimg

Hoat dong cia mang PCNN duoc mo
phong trén moi truong Modelsim dé kiém tra
tinh ding dan cua hé théng va sau d6 anh xa
lén kit FPGA DE2. Tai nguyén phin cing st
dung trong thiét ké duoc tom lugc trong bang
5, thiét ké tén 2529 phan tir logic twong g
8% tai nguyén cua chip Cyclone II. So véi két
qua dat dugc trudc day, hiéu sut caa PCNN
da duoc cai tién. Bang 5 1a két qua so sanh

phén cung thu dugc khi thyc hién PCNN trén
chip FPGA FLEX 10K [9] va Cyclone II cua
Altera. D6i véi chip FLEX 10K, toc do xir 1y
cia PCNN c¢o6 thé dat duoc tdi da 4.7 tridu
diém anh/gidy. Toc d6 nay co thé lén téi 50
triéu diém anh/gidy néu sir dung chip Cyclone
II. Piéu nay ching t6 mang noron PCNN rat
linh dong khi thuc hién xubng phin cimg.
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Family Cyclone I1
Device FP2C35F672C6
Total logic elements 1876 /33216 (6%)
Total registers 1579
Total memory bits 145280 / 483840 (30%)
Total PLLs 0/4(0%)

Bang 4: Tai nguyén phan cimg di ding.

Family FLEX 10K Cyclone I1
Device EPF 10K70 FP2C35F672C6
Total logic elements 1228 / 3744 (32%) 1876 /33216 (6%)
Performance (pixels/s) 47M S50 M

Bang 5: So sanh két qua phan cimg dat duogc trén cac chip FPGA

So sanh cac vector dac trung thu duogc

tuong Umg voi cac anh Cameraman va Skater
trong moi truong Matlab va trén phan cing
duoc trinh bay ¢ hinh 10. Cac dinh cia vector

chinh 1a cac vi tri ma sé lugng cac noron dao
dong la nhiéu nhit. Nguoc lai, cac vi tri thap
nhét tuong Gmg voi s6 dao dong cua cac noron
1 it nhét.

Hinh 10: So sanh cac vector dac trung thu dugc tuong trng trén Matlab va FPGA trong 2
truong hop: a) anh Cameraman, b) anh Skater

Két qua thuc nghiém thu dugc ching to
rang vi tri dao dong cua cac noron va sy tuong
ddng vé do 16n giita cac vector dic trung thu
duoc trén phan mém Matlab va trén FPGA cia
timg anh 13 hoan toan gidng nhau. Viéc thuc
hién phan ctng mang noron PCNN trén phan
cling di cai tién téc doc xir 1y ciia noron nhanh
hon so véi cac thuat toan xir 1y trén phan mém.
Nhung quan trong hon, thuat toan PCNN c6
thé nhung trén mot phan cing c6 tai nguyén
han ché. D6 chinh 1a tién dé dé thuc hién mot
hé théng xur 1y anh thoi gian thyc trén phan
cing dung thuat toan PCNN.

V. KET LUAN

Két qua nghién ctru ching té sy thanh cong
cua viéc ap dung mang noron PCNN trong
linh vuc tién xir 1y anh, cu thé trong bai bao
nay la rat trich dac trung ctia anh muc xam.
Qua trinh hoat dong cuia mang PCNN dugc
kiém chimg trong méi truong Matlab va sau
d6 tién hanh thiét ké trén phan cimg FPGA.
Vector dic trung ctua anh thu dugc trong ca hai
phuong phap 1a gidng nhau. Vector dic trung
chinh 13 su chuyén d6i biéu dién thong tin cua
anh tir khong gian 2 chiéu sang khong gian 1
chiéu. Piéu nay giam bot dang ké sé luong
thong tin dung dé biéu dién anh, tiét kiém
dugc tai nguyén by nhéd va theo d6 cac qua
trinh xtr 1y s& dugc thyc hién dé dang va hiéu
qua hon.
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Thiét ké phan ctmg duoc trinh bay trong bai  qua két hop PCNN véi cac thuit toan xir Iy
béo 1a tién dé dé xay dung cac hé thong nhing khac nhu ICA (Independent Component
xtr Iy anh thoi gian thuc nhdm giai quyét cac  Analysis) hay PCA (Principal component
bai todn xur ly anh phuc tap hon nhu: nhédn analysis),...
dang mat nguoi, do tim chuyén dong,..., thong
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