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Toém tat:

Chu dé cha bai bao la khai thac, str dung bo nhd lién két hai huéng (BAM: Bidirectional Associative
Memory) mdt loai mang naron truy hdi d€ nhan dang anh mdt ngudi. Bai bdo xdy dung céu tric
BAM va thuat toan nhan dang anh mat ngudi dugc xay dung dua trén ludt hoc Hebb va mang BAM.
Hé thGng nhan dang co kich thudc nhd, gon nhe, tin hiéu ra dugc thir nghiém ghép vdi thiét bi dién
tlr va loa thdng bao dé canh bao nhan dang ding — sai va cd thé dung cho diéu khién ON/OFF thich
hgp véi nhitng hé thong vira va nhd nhu ngbi nha théng minh hodc tuang duong.

T khoa:

Mang ndron nhan tao, nhan mau, bd nhé lién két, luat hoc.

Abstract:

The focus of the article is the exploration and application of Bidirectional Associative Memory (BAM),
a form of recurrent neural network, for the purpose of recognizing human facial images. The article
presents a novel algorithmic framework rooted in Hebb's rule, tailored specifically for the recognition
of human faces. This pattern recognition system is characterized by its compact size and efficiency.
The output signal undergoes testing in conjunction with electronic devices and notification speakers,
serving as a reliable indicator for correct and incorrect pattern recognitions. It is adaptable for
ON/OFF control, making it well-suited for various applications, particularly in the realm of small and
medium-sized systems such as smart homes and their equivalents.

Keywords:
Artificial Neural Networks, Pattern Recognition, Associative Memory, Learning Rule.

1. MO DAU nhiéu hé théng vira va nho, co dir liéu
Ngay nay, mang noron hoc sau véi kich  khong lon thich hgp cho tng dung nhing
thugc Ion (hang nghin 16p, mdi 16p c6  mang noron c6 kich thudc nhoé phi hop
hang trim noron) nham giai quyét nhitng  véi cong nghiép va dan dung cua nudc ta
bai toan nhan mau anh, tiéng néi ciing  véi chi phi thAp. Mang noron lién két hai
nhu du bdo c6 dit lieu Isn. Tuy nhién,  chiéu, mot trong cac dang mang noron hdi
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quy thich hop cho céc tng dung loai nay
[1]. Nhém mang hdi quy c6 ba loai phd
bién: mang Hopfield, mang BAM [6] va
mang noron té bao (Cellular Neural
Networks: CeNN) [1], [2], [5]. Vé mat ly
thuyét, ho mang noron hdi quy c6 cau trdc
phan hdi, c6 thé gay mét 6n dinh nén tiéu
chuan én dinh 1a diéu kién can dau tién.
Nhu vay, khac véi mang noron truyén
thang, cac trong s cia mang noron truy
hoi vira phai dam bao 6n dinh, vira phai
dam bao dau ra hoi tu vé céc gia tri mong
muén dugc xac dinh. V& mat tng dung,
mang noron té bao [3], mét trong nhiing
mang thudéc nhom mang Hopfield da
thanh cbng trong xay dung may tinh
noron dang mang dya theo mang noron té
bao [4]. Cac mang hdi quy, nhat 1a mang
BAM duoc sir dung dién hinh 1am bo nho
lien két [2]. Khéc véi cac tng dung dién
hinh da néu, trong bai b4o nay, nhém tac
gia xay dung kién tric mang BAM véi 11
noron dé nhan dang mat ngudi kha di cho
phép m¢ ctra cho khach vao ngbi nha
thong minh khi xac dinh do 1a nguoi quen
biét.

4
X Layer

Hinh 1. M6 hinh cau tric mang BAM

2. CAU TRUC VA LUAT HOC MANG BAM

1972 [7]. Nam 1982, Hopfield da hiéu
chinh mang d6 thanh mang Hopfield roi
rac [8] va hai nam sau (1984) cling chinh
Hopfield xdy dung thanh mang lién tuc,
ching minh va dua ra cac diéu kién on
dinh cho hai loai mang nay [9]. Nam
1988, Kosko d& xuat mang BAM [10] dya
trén hai l6p mang Hopfield: 16p tht nhit,
I6p X: 16p truyén thang; l6p tha hai, 16p
Y: 16p phan hdi (Hinh 1).

a) Phuong trinh trang thai cua I6p mang
thir nht (véi n=6 noron & Hinh 2):
xi=YiawyyisLjERj=1.m (1)
trong do:

yi = f(y;) 1a dau vao thiri cua I6p Y (xem
3); i=1.n;

x; la trang thai thvjl6p X, j = 1..m;
wi; 12 trong s lién két dau vao th i dén
trang théi thir j caa 16p mang thir nhat X.
b) Phuong trinh trang thai cua l6p mang
thir hai (chi tiét voi 5 noron & Hinh 2):

y; =Z?=1Wijxiji,jER, i=1.n; (2)
trong do:

xi =f(x;") ;yi 1a dau vao thir i cua I6p X;

y; latrang thaith j, j = 1..m;

wij 1a trong s6 lién két dau vao tha i dén
trang thai tha j cua l6p mang tha hai.

c) Phuong trinh dau ra yj(k+1)= fly; (k +
1)) cap nhat & buéc thi k+1, (Hinh 2):

) S Hinh oAy 1 1 Néu yi(k+1)>0
.1. M6 hinh cau truc mang BAM yj(k +1) = yj(k) Né,u yi(k+1)=0
Tu tuwong tao mang hdi quy dau tién duoc 0 Neu yj(k+1) <0
Kohonen, Anderson va Nakano dé ra nim 3)
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d) Phuong trinh dau Vao:
Xi(k+1)=f(x; (k + 1)) cap nhat ¢ buédc thu
k+1, (Hinh 2):

1 Néu x; (k+1)>0
X (k+1)=1x%(k) Néu x;.k(k+1):O
0 Néu x:(k+])<()
(4)
2.2. Luéat hoc cho mang BAM

Hoc trong mang noron gdm hoc ciu tric
va hoc tham sb. Gia sir cu tric da duoc
chon nhu & muc trudc. Hoc tham sé 1a
phuong phap xac dinh céc trong sb cua
mang dua trén bd cac cip dir lieu mau
vao/ra, goi la dit liéu hoc. Luat Hebb giai
thich viéc chinh trong cia mang noron ma
khong can tin hiéu chi dao tir ngoai nhu
d; ¢ luat hoc Perceptron Delta [8].
Hopfield ciing cai tién luat Hebb cho cac
mang ty lién két dung dé nhd mau. Luat
Hebb c6 thé cai tién thanh nhiéu dang
khéac nhau nhu luat hoc Hopfield theo (5)

wij =3b_ v xPi=1..n,j = 1..m (5)

& day, p 1a mau tha p; p=1..P. C6 thé viét
(5) 0 dang vecto - ma tran:

W =35, (YP)"XP (6)

& day, T 1a chuyén vi cia vecto.

Vi du 1. Vi du 1 minh hoa viéc tinh ma

tran trong s6 W cho 16p | va W' cho I6p 2

cia BAM véi 4 mau & Bang 1. Ky hiéu:

A=X, = [x]] =[x} x5 x3 xF x5 x¢]=
=0 0o 1 1 0 1]

B=x, = [x/]; C = X3 = [x{°]; D = X, = [x}°]
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Tuong tu v4i cac vecto nhan, gia tri
(Bang 1) va céc bién vao/ra tuong tu &
Hinh 2.
K=yy =[Pl = ¥} ¥3 2 »%=

=1 0 0 0 1]
L=y, =[] M=Y;=[x{,N=Y, =
[yjzs]

Khi d6, tir (6), ddi cac vecto co gia tri “0”
thanh “-1” dé khéng mat gia tri cua trong
s6 (khong thay ddi y nghia cta phép tinh
trong).

W=3 _(YP)'XP =

=KTA' +LTB' +MTC' +N''D' (7
<2 —4 0 2 0 4
12 4 0 -2 0 —4

w=lo 2 2 0 2 =2
[0 2 -2 0 2 2
—4 -2 2 4 -2 2]

(8)
2 2 0 0 —4
[—4 4 2 -2 -2
co. o 0o 2 -2 2
va Wi=1o 2 0o 0 4
[0 0 2 2 =2
4 —4 —2 2 2|

9)

T vi dy, c6 thé quy nap dé tinh
n*m=6*5=30 gi4 tri cho hai bo trong s6
W' khéng phai cho 4 mau cua l6p mang
thir nhat (9) va W cho Iép mang thir hai
(8) nhu Bang 1 ma cho 32 mau nhu ¢ Phu
luc (xem thém Hinh 2) (khong kho dé
thyc hién trén bat ky phan mém tdy ).
Véi 32 mau, cong thae (7) khi d6 gom
téng cua 32 s6 hang. Nhu véy, pha hoc la
budc tinh céc gia tri dé gan cho tung
trong sé & cau tric Hinh 1.
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Hinh 2. Thiét ké cau trdc mang BAM theo bai toan & muc 3.1 vé&i sé noron: n*m=6*5
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Hinh 3. Cac diém trén khudn mat ngwoi
Bang 1. B6n mau (Samples) dai dién: 2, 7, 16, 23 lam vi du cho pha hoc
PAU VAO (Pic trung) PAU RA (Nhan)
TT | Tén dac | Ma hoa dac trung X* = Tén | Méahoa nhan Y* =
trung [x,2,x3x4x5%6] | (K,L,M,N).W [nhan | [y,y,y.y,vc] | (4,B,C,D). W
, A [001101] |[6626-2 | K |[L0 001]|[6-600 8]
A’ [1-111-11] 6] K | [1-1-1-11]
, B 01110 0] |[24420-| L |[0.11.01] |[22 4-4 4]
B’ [1111-1-1] 4] L | [111-11]
6l € [0.0.01.01] |[68060 | M | [L0011] |[6-6-22 6]
c’ [1-1-11-11] 8] M| [1-1-111]
b | D [0.0 1111] |[66262 | N | [L0011] | [6-62 2 6]
D’ [1-1 1111] 6] Nl [1-1-111]

3. NHAN DANG ANH MAT NGU'O'l VO
BAM

3.1. Phat biéu bai toan
Cho tap 40 mau vao/ra thir nghiém duogc

tach thanh hai phan: phan di liéu hoc 32
mau (chiém 80%); phan dir liéu thir 6
(chiém 20%) trong d6, mdi phan chira hai
tap: tap mau vao (la dic trung anh mat
ngudi); tap mau ra (1a tén ngudi dugc ma
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hoa thanh nhén) véi cac gia tri nhi phan.
(Bang 1 1a bén mau minh hoa vé dir liéu
hoc). Nhiém vu: i) thiét ké mang BAM
kich thudc n*m=6%*5, ii) thu thap va xu ly
dir liéu; xay dung thuat toan hoc dé tim bo
trong s6 va iii) nhan dang anh mat ngudi.

3.2. Thiét ké cau trac mang BAM

Trén co so dir liéu Bang 1 va bai toan,
chung t6i di thiét ké mang noron BAM
(Hinh 2) kich thuéc n*m=6*5 c6 cau trdc
hai l6p theo (1), (2); cac ham tuong tac
dang budc nhay theo (3), (4), thich tng
hoan toan véi bang dir liéu hoc.

3.3. Xtr ly dir liéu va gan nhan cho BAM

Bo dir liéu 40 mau do ching toi thu thap,
c6 anh tiy y: gdm anh c6 mét hoac nhiéu
ngudi; kich thuéc anh co thé khac nhau.
Vi dit liéu tuy tién (gan véi thuc té); viéc
dau tién, tir kho dit liéu anh, ching ta tién
hanh tién xir Iy gdom: khau tach anh co
nhiéu ngudi dé chon mot mit ngudi, sau
d6 dwa vao khung anh chuan... sau do
trich chon dic trung khuén mit. O day,

ching t6i chon vecto dau vao dic
trung [x1X,X3X4X5%¢] M3 hbéa 6 BIT,
vecto ra[y;1y2ysyays] duoc ma héa 5
BIT tao thanh mot cip mau vao/ra theo
dau bai.

Dé xac dinh cac dic trung dau vao, ta tinh
cac dic diém trén khubn mat ngudi dugc
xac dinh nho phan mém Python dya trén
so dd Hinh 4 gém 68 dic diém trén khudn
mat ngudi, liy ra sau dic trung gom:
kich thudc mili (X;); mii ngan x;=0, mii
dai x;=1 duoc tinh dya vao cac diém tir 28
dén 36. Kich thuéc miéng (x,): Puogc
tinh tir diém 49 dén 68. Kich thudc khuon
mit (x3): tir diém 1 d&én 17. Khoang cach
hai mét (x,): tir diém 37 dén 48.

Khoang cach 16ng may téi mii (xs): tur
diém 18 dén diém 36. Khoang cach mat
t6i miéng (x¢): tr diém 37 dén 68. Su
dung phan mém Python, ta c6 dugc cac
chi s6 do cac dic trung dau vao. So sanh
va quy doi qua cot tieu chuan (Bang 3),
néu Ién hon hodc bang gia tri tiéu chuan
thi quy udce la 1, nguoc lai quy udc la 0.

Bang 2. Ma hoéa dac trweng khudén mat

Piac Kich Khoang Khoang Kich thuéc | Kich thuée | Khoang
trung thuéc cach hai cach léng miii mit cach mat -
miéng mat may - miii ) miéng
Giatri | To |Nho | Xa | Gan | Xa | Gan | To | Nho | To | Nhé | Xa | Gan
Méhoa | 1 0 1 0 1 0 1 0 1 0 1 0
Bang 3. Tinh toan dic trieng dau vao
A >=1
Tén A B D <07 A B C D
X1 1581 1533 1432 1575 1600 0 0 0 0
Xy 645 691 444 671 680 0 1 0 0
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Tén A B C D :ﬁ AlB|cCc|D
x; | 2548 2489 2087 2535 | 2480 | 1 | 1 | 0 | 1
X4 650 495 495 566 490 11| 1| 1
xs | 1304 1140 1028 1335 | 1330 | 0 | 0 | O | 1
Xg 743 564 600 688 600 10| 1|1

Hoan toan c6 thé tang, giam sb dic trung
trén.

Vé6i nhan dau ra, ching tdi ma hoa cho
timg dbi tuwong, mdi ddi twong 1a mot
vecto [y1Y2Y3YaYs]. SO luong vecto toi
da co thé 2"=2°=32 (biang sb lugng dau
ra da chon).

3.4. Thuat toan nhan dang anh dung
BAM

Nhan dang anh gém hai giai doan: tién xu
Iy anh va nhan mau.

Input: - Anh ngwoi (nhdn dwoc qua

Camera)
- Mang BAM (Hinh 2 da thiét ké)

Output: Nhgn dang anh va théng béo.
Thudt toan
B1. Tach anh tir nhiéu nguoi. Chuan
khung anh.
B2. Trich chon dic trung; s6 hda theo
Bang 2, 3.
B3. Tinh c4c ma tran trong s6 W, W'
theo (8); (9)
B4. YP= AW theo (1);
B5. YP= (Y ")=K? theo (4)
B6. Néu YP=K (A va K clng cap mau):
Nhén ding

Néu YP#K (A va K khac cgp mau):

Nhdn sai
B7. Thdng bao
B8. Chuyén tin hiéu ra thiét bj

O thuat toan trén, tai cac buéc B1 va B2,
ching t6i st dung phan mém xir ly anh
cua thu vién Python. Cac budéc B3-B8,
ching t6i lap trinh va xay dung. Bé minh
hoa cac buéc B3-B8 (phan trong tam cua
bai bao), ching toi tinh cho 4 mau theo
Bang 1 (trich trong 32 mau).

Vi du 2. Vi dy 2 thé hién kha ning nhan
dang cua BAM ca hai chiéu.

a) Cho mau vao, nhan nhan (mau ra)

Y nghia cua viéc nay 1a néu co6 mot nguoi
qua camera dé nhan anh, qua xu ly anh,
nhan mau, mang noron cho ma ngudi do
(tec 1& nhan). Ky hiéu {Ay, By, Co, Dy}
lan Iuot & c&c mAu anh vao dung dé thir
nghiém c6 gia tri dang v6i cac mau da
dugc hoc {4, B, C,D} da dugc nhé trong
WT,W. Khi d6, BAM nhan dang va sé&
cho cac két qua tuong tng sau:
-Khimiuvao: 4,=[0 01 1 0 1]

Pau ra dugc tinh theo cbng thuc:
Y= AWT=[6 -6 0 0 8]. Ap
dung ham tuong tic dau ra, ham chin
theo (3) va Hinh 2 ta co:

=Y =[10001] = K, dlng mau di hoc.
b) Cho mau ra (nhan), nhan dic trung vao
O huong nguwoc lai, ky hiéu
{Ko, Ly, My, No} 1a cAC mau tring véi cac
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nhan {K, L, M, N} thi:

Khi mau vao: Ko=[1 0 0 0 1],
dau ra duoc tinh theo cong thic: X* =
LoW=[-6 —626 —26]. Ap dung
ham tuong tac dau ra (4) va Hinh 2: ta
duoc:

=>X=[001101]=A: ding mau da
hoc.

Tuong ty, ¢6 thé thir voi cac mau con lai
véi két qua dung 100%. Nhu vay, dic
trung cua Mot anh ngudi dua vao BAM,
dau ra dang tén twong tng véi dic diém
cta nguoi do va nguoc lai.

Bai toan nhan dang hoan toan c6 thé s
dung cac phuong phap truyén thdng. Uu
diém cua phuong phap sit dung BAM ¢
chd: mau hoc dugc ghi nhé trong bd ma
tran W, W', thay vi phai ding bo nhé theo
cac phuong phap khac. Ngoai ra, cac b
nhé W, W' con ¢6 kha ning chiu 15i s&
trinh bay nhu muc dudi day.

3.5. Kha nang chiu 16i cia mang BAM
3.5.1. M4u vao/ra ding nhw da hoc

Pé danh gia do chinh x4c nhan dang cua
mang BAM, chdng ta s& dung ma tran
nham Ian (Confusion Matrix). D¢ tinh do
chinh xac, chi can tinh tong phan tir trén
duong chéo caa ma tran Confusion chia
cho tong phan tir. Téng sé phan tir khdng
nam trén duong chéo 1a 16i du doan cua
giai thuat. Trén co s& ma tran nham lan ta
xay dyng Bang 4 theo vi du 2.

3.5.2. Kha nang chiu 16i cha mang
BAM

Dbi vai cac mau chua dugc hoc, c6 nghia

la mé cua cac vecto dac trung vao va ma
ctia vecto nhan (dau ra) c6 thé khac nhau
tir 1 d¢én 5 BIT cho nhén, 6 BIT cho dic
trung vao. Su sai khac mot s6 BIT ¢ thé
Xay ra & cac vi tri cot khac nhau cua cac
vecto. Chung t6i di tién hanh thur céc
truong hop sai s6 khac nhau va rat ra két
luan sau:

= Mot s6 trudng hop sai, BAM van nhan
dang ding miu. Ly do cd thé giai thich:
BAM c6 kha nang chiu 16i do ham twong
tac dau ra 1a ham bi chan trén va dudi:
ham (3) va ham (4), trong pham vi nhat
dinh BAM ¢6 kha ning chiu 16i. Dic
diém nay, BAM giéng ndo ngudi: nghia
13, con ngudi bién dang mot chat van co
thé nhan dang. Pay la kha ning “suy
dién” cua BAM.

= Néu mau vao/ra sai nhiéu, hién nhién,
BAM s& nhan biét miu sai d6 gan vai mot
d6i twong khéc va xay ra nham Ian.

D¢ khac phuc kha ning nham Ian, can c6
mot khoang céach (hay su khac biét) nhat
dinh giita ca&c mau. Bé thuc hién diéu do,
ching ta can nhiéu dic trung (ang Voi
nhiéu phan tir noron) hoic giam s6 mau.
Diéu nay doi hoi phai tang s6 noron (thay
doi cau tric) va tang sd luong tinh toan,
ngoai pham vi bai bao.

4. NG DUNG BAM CHO NGOI NHA
THONG MINH

Tir cac két qua trén, chiing t6i ¢ y tudng
ding kha niang nhan biét dung/sai cua
BAM lam nhiém vu m¢ cua tu dong khi
khéch quen (4nh di duoc hoc) dén ngdi
nha théng minh. Trong khudén kho bai
bdo, ching tdi thiét ké phan cimg dé
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chuyén tin hiéu nhan dang sang thiét bi
bé&o hiéu dén xanh (dang nguoi quen), dén
do (nguoi la) mang tinh tugng trung.

Dé hién thi két qua nhan dang cho tin hiéu
dén thong bao, chung toi da thiét ké thiét
bi ngoai vi két néi véi phan mém Python

nhu sau:
ol
1 g

I~
| |

|

Hinh 4. Thiét bj tao tin hiéu dén théng bao

Lap so do dau ndi, thong sé ky thuat cua
cong ngoai Vi ESP32 ESP-WROOM-
32DEVBOARD (Hinh 4). Mot vai théng sb
thiét bi co ban nhu:

= Dién ap logic 14 2,7 dén 3,3 V.

= 1 Enable Button (Chan reset) va 1 User
Button (GPIO 0). Clock: 240 MHz.

= Led b4o nguon va User Led (GPIO 2).

= 3 UART: Serial Debug mac dinh:
UART 0.

PHU LUC: BANG DY LIEU HOC

(ISSN: 1859 - 4557)

Khi da c6 tin hiéu, hoan toan c6 kha nang
thiét ké véi cac mach logic, diéu khién
dong co dong mé chét cura ra/vao dugc
trang bi cho céc 6 khéa trong cac ngdi nha
thdng minh.

5. THAO LUAN VA KET LUAN

Bai bao co cac dong gop: i) xay dung cau
trdc BAM; ii) M ta luat hoc bang vi du
minh hoa va tién téi xay dung thuat toan
nhan dang, trong d6 phan xur anh sir dung
thu vién Python, phan hoc va nhan dang
ching tdi lap trinh tinh dua ra két qua;
iii) Két qua xuat tin hiéu-ra thiét bi dién tir
(tu thiét ké) & mé phong.

Véi cac két qua ban dau, ching toi hy
vong day s& 1a s ctr cho cac cau tric co
s6 noron tly y va mé ra trién vong c6 thé
sa dung mang noron BAM diéu khién
ON/OFF cho cac hé thong vira va nho
nhu ngdi nha thong minh. Diéu nay ching
to, cac cobng cu noron tién tién trong linh
vuc tri tué nhan tao c6 thé &p dung khong
nhitng cho cac hé thdng Ion phic tap ma
¢ thé cho cac dbi tugng nho, don gian
trong viéc phdi ghép phan cung va phan
mém.

Piu vao Piu ra
TT | Pac trung Ma hoéa dac trung Nhéan Ma hoéa nhan
Pi [x1x2x3x4x5x6] Si [yly2y3y4y5]
1 P1 [L01001] S1 [11010]
2 P2 [001101] S2 [10001]
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Piu vio Piu ra
TT | Pac trung Ma hoa dac trung Nhén M4 héa nhén
Pi [X1x2x3x4x5x6] Si [yly2y3y4y5]
3 P3 [110101] S3 [00111]
4 P4 [000111] S4 [00010]
5 P5 [111111] S5 [11001]
6 P6 [110001] S6 [10010]
7 P7 [011100] S7 [01101]
8 P8 [101010] S8 [01011]
9 P9 [000100] S9 [L0000]
10 P10 [111101] S10 [10101]
11 P11 [010010] S11 [11000]
12 P12 [010111] S12 [10100]
13 P13 [L11011] S13 [10110]
14 P14 [111110] S14 [11011]
15 P15 [001000] S15 [01000]
16 P16 [000101] S16 [L0011]
17 P17 [100000] S17 [11110]
18 P18 [LO01011] S18 [00011]
19 P19 [101000] S19 [00000]
20 P20 [L11000] S20 [01110]
21 P21 [L000O01] S21 [00101]
22 P22 [L01100] S22 [00001]
23 P23 [001111] S23 [10111]
24 P24 [010110] S24 [11111]
25 P25 [001110] S25 [11100]
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Piu vao Piu ra

TT | Pac trung Ma hoa dac trung Nhén M4 héa nhén

Pi [X1x2x3x4x5x6] Si [yly2y3y4y5]
26 P26 [001100] S26 [01111]
27 p27 [110010] S27 [00110]
28 P28 [011111] S28 [01001]
29 P29 [100101] S29 [00100]
30 P30 [100110] S30 [01010]
31 P31 [L11001] S31 [11101]
32 P32 [000110] S32 [01100]

(1]

(2]

(3]

(4]

5]

(6]

[7]

(8]

9]

(10]

TAI LIEU THAM KHAO

Jichen Shi, Zhigang Zeng, "Design of In-Situ Learning Bidirectional Associative Memory Neural
Network Circuit With Memristor Synapse," IEEE Transactions on Emerging Topics in Computational
Intelligence, vol. 5, no. 5, pp. 743 - 754, 2021.

Nguyén Quang Hoan, Vii Thi Thém, Bui Binh Quan, "Kha néng nhd mau ctia mang ndron hdi quy,"
Tap chi Khoa hoc va Cong nghé Pai hoc Su’ pham Hung Yén, vol. 13, no. 3, pp. 44-49, 2017.
Boumediéne Allaoqua, Abdellah Laoufi, Brahim Gasbaoui, "Multi-Drive Paper System Control Based
on Multi-Input Multi-Output PID Controller," Leonardo Journal of Sciences, vol. 2010, no. 16, pp.
59-70, 2010.

Zhongyang Liu, Shaoheng Luo, Xiaowei Xu, Cheng Zhuo, "Cellular Neural Network (CENN) FPGA
Implementation Using Multi-level Optimization," in China Semiconductor Technology International,
Shanghai, China, 2018.

T. Roska, L.O. Chua, "The CNN Universal Machine: an Analogic Array Computer," IEEE Transactions
on Circuits and Systems II: Analog and Digital Signal Processing, vol. 40, no. 3, pp. 163-173, 1993.

B. Kosko, "Bidirectional Associative Memories: Unsupervised Hebbian Learning to Bidirectional
Backpropagation," IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 51, no. 1,
pp. 103 - 115, 2021.

T. Kohonen, Self-Organizing Maps, Berlin, Germany: Springer , 1995.

J. Hopfield, "Neural Networks and Physical Systems with Emergent Collective Computational
Abilities," in National Academy of Sciences, United States of America, 1982.

J. Hopfield, "Neurons with Graded Response have Collective Computational Properties like Those of
Two-state Neuron," in The National Academy of Sciences, USA, 1984.

Kosko, "Feedback Stability and Unsupervised Learning," in IEEE 1988 International Conference on
Neural Networks, San Diego, CA, USA, 1988.

S6 33 97



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC
(ISSN: 1859 - 4557)

Gidi thiéu tac gia:

Tac gid Bui Tién Chién tét nghiép dai hoc nganh ty dong hoda xi nghiép cong nghiép
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