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TOM TAT

Mang noron t t6 chirc (SOM - Self Organization Map) cho phép tao ra mot ban dd dic
trung cta dit lidu. Tuy nhién, dé quan sat duoc ban dd nay can phai sit dung cac k§ thuat truc
quan. Ma tran khoang cach U-matrix 1a mét trong cac k¥ thuat truc quan nhu vay. Tuy nhién,
U-matrix c6 kich thudc 16n gip 4 1an ban d6, didu nay lam ting d6 phirc tap tinh toan. Bai bao
dé xuét xay dung U-matrix cai tién c6 kich thudc twong duong véi kich thude ban 6 SOM ma
van dam bao kha nang truc quan twong dwong véi U-matrix. Chang toi tiép tuc dé xuit mot
thuat toan phan ving voi sd ving xac dinh trude cho ma trn true quan thu duge (U-matrix cai
tién). Két qua phan ving dbi v6i U-matrix cai tién duoc thir nghiém cho bai toan phan doan anh.

Tir khoa: Kohonen, mang noron nhan tao, phdn cum, truc quan, tw to chitc

IMPROVING THE VISUALIZATION TECHNIQUE
OF SOM NEURAL NETWORK FOR IMAGE SEGMENTATION

ABSTRACT

The Self-Organizing Map (SOM) neural network generates a feature map of the data. In
order to observe this map, it is necessary to use visualization techniques. The U-matrix distance
matrix is one such technique and is commonly used in visualization. However, the size of the
U-matrix is four times larger than the size of the map, which increases the computational
complexity. This paper proposes an improved U-matrix with the same size as the SOM map but
still ensures the same visual ability as U-matrix. We further propose a partitioning algorithm
with a predefined number of regions for the resulting visualization matrix (improved U-matrix).
Results of partitioning for improved U-matrix are tested for the image segmentation problem.

Keywords: Artificial Neural Network, clustering, Kohonen, Self-Organizing, visualization

1. PAT VAN PE

Mo hinh mang noron SOM duoc dé xuét
béi Teuvo Kohonen (Kohonen, 2001) cho
phép anh xa dir liéu tir mot khong gian nhiéu
chiéu vé mot khong gian it chidu hon, thuong
13 hai chiéu. SOM duoc tmg dung trong nhiéu
linh vyc khac nhau nhu: phan cum dir li¢u
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(Behbahani va Nasrabadi, 2009), khai pha dit
li€u anh (Skuratov va nnk, 2020), khai pha dit
liéu &m thanh (Giudicepietro va nnk, 2021) va
nhidu linh vuc khac (Cottrell va nnk,
2018).. .Véban cha‘it, mang noron SOM chi tao
ra mot ban dd dic trung cua dir liéu. Do vay,
khi &p dung SOM trong linh vyc khai pha dit
liéu cén thyuc hién thém céac k¥ thuat truc quan
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va phan cum dua trén ban do dic trung.

K§ thuat truc quan 1a phuong phap bicu
dién ban d6 dic trung cua dit liéu dudi dang
hinh anh c6 thé quan sat dwgc. Nhiéu k¥
thuat truc quan khac nhau da duoc dé xuét
(ISTIS - Vienna University of Technology,
2010). Vi du: Tryc quan dua trén khoang
cach gilta cac noron U-Matrix (Ultsch va
Siemon, 1990), truc quan dya trén mat do
két ndi gitta cac nit P-Matrix (Ultsch, 2003)
va Cluster Connections (Merkl va Rauber,
1997), truc quan bang d6 thi (Poelzlbauer va
nnk, 2005), truc quan dua trén cac 16p nhan
cua dir liéu (Mayer va nnk, 2007)... trong
d6, U-Matrix biéu dién khoang cach giita cac
vector ciia mdi noron dudi dang muc xam.
Day 1a ky thuat truc quan duge str dung pho
bién do Teuvo Kohonen dé xuat.

Tuy nhién, hau hét cac k¥ thuét tryc quan
khong chi ra ranh gidi rd rang gitra cac vung,
nén chua thé 4p dung trong mot sd linh vuc
khai pha dir li€éu nhu phan cum, phan 16p dit
liéu. Xét vé ban chit, mang noron SOM da
thuc hién gom cac dit liéu c6 dac trung tuong
déng dé biéu dién trén mdt noron hodc céac
noron gﬁn nhau, do d6 phan cum dir liéu thuc
chat 14 phan cum cac noron.

Mot trong cac phuong phap dé phan cym
noron truc tiép trén ma tran Kohonen do 1a st
dung thuat toan “tich tu” (Glen, 2018).
Nguyén tac thuc hién cua thuit toan 1a coi
mdi noron nhu mdt cum. Qua trinh tich tu
thuc hién tim hai cum lang giéng c6 d6 phi
tuong ty vé dic trung nho nhat dé ghép thanh
mot cum. Qua trinh nay dugc 1ap cho tdi khi
dat duge sb cum do nguoi dung dinh nghia.

Bai bao nay trinh bay k¥ thuét xay dung
ma trin tryc quan U-Matrix cai tién va
phuong phap phan cum dir liéu cho mang
noron SOM dua trén U-Matrix cai tién.

Céc phan tiép theo cua bai bao gdom: phan
2 trinh bay thuét toan mang noron SOM, phan
3 phén tich k¥ thudt truc quan su dung U-
Matrix va dé xuat phuong phép cai tién, phan
4 trinh bay thuat toan phan cum dir liéu dua
trén ma tran khoang cach cai tién, phan 5
trinh bay két qua thuc nghiém phan doan anh
va phan két luan.
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2. MANG NORON SOM

Mang noron SOM gom 16p tin hiéu vao va
16p ra Kohonen. Léop Kohonen thuong dugc
t6 chirc dudi dang mot ma tran 2 chiéu cac
noron (kich thudc n x m). Mdi don vi i
(noron) trong 16p Kohonen duoc gin mot
vector trong $6 wi= [Win, Wiz, ..., Wig], VO1 q
1a kich thudc vector ddu vao; wi, 14 trong sd
clia noron i ing v6i ddu vao j. Qua trinh hun
luyén mang duoc lap nhiéu lan, tai lan lap tha
t thuc hién 3 budc:

Buoc 1- Tim BMU (Best Matching Unit):
chon ngiu nhién mot dau vao v tir tap dir liéu,
tim kiém trén ma tran Kohonen mét noron ¢
c6 ham khoang cach dist nhé nhat xac dinh
theo cong thic (1) (c6 thé s dung ham

Euclidian, Manhattan hay Vector Dot
Product). Noron ¢ duoc goi la BMU.
dist = [|v —w|| = min{[|v — wi[[} (1)

Trong d6: w. 1a vector trong s6 cia BMU,
w; la vector trong so cuiia noron i voi i # ¢ va
1 <i<nxm.

Buwoc 2- Tinh ban kinh lan cdn cia BMU
tai lan lap thur t (1<t < K) theo cong thirc (2):

N, (t) = N, exp

- ()

Trong d6: N(t) 1a ban kinh lé‘n can cua
BMU (dang ham ndi suy, giam dan theo s6
lan 1ap, Hinh 1); v6i Ny 1a ban kinh khoi tao;

hang s6 thoi gian )\ = , v6i K 1a tong

log NO)
s6 lan lap.

Bucoc 3- Cap nhat lai trong $6 ctia cdc
noron trong ban kinh ldn cdn cia BMU
(noron c) theo huong gan hon véi vector dau
vao v theo cong thurc (3):

w, (t+1)=w,(¢)+ N, (t)h, (t)[v—wi (t)] (3)

Trong do6: wi(t) 1a vector trong sO cua
noron i tai lan 1ap tha #; A.(2) 1a ham ndi suy
theo thoi gian hoc, thé hién sy tac dong cua
khoang cach doi vdi qua trinh hoc, dugc tinh
theo cong thirc (4):

4

VOl 7. va r; 1a vi tri cia noron ¢ va noron i
trong ma tran Kohonen.
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Hinh 1. Minh hea hai cach xac dinh lan c4n cia BMU theo hinh vudng (a)
va hinh luc giac (b) 6 cac thoi diem #,<t.<t;

Theo Kohonen (2001), cac lan can cia
BMU dugc xac dinh theo hinh vuéng hoac
hinh lyc gi4dc nhu Hinh 1. Vi ham 4.(z) bi anh
huong bdi khoang cach tir BMU t6i noron
trong ban kinh lan can, nén viéc cdp nhat
trong s6 cho cac noron trong ban kinh 14n can
s& dong déu hon néu ving 14n cin duoc xac
dinh theo hinh luc giac (vi khoang cach tu
BMU t&i cic noron lan cin déu nhau).
Trudng hop ving 1an c4n duoc x4c dinh bang
hinh vudng thi noron lan can cua BMU theo
duong chéo duge diéu chinh it hon so véi cac
noron 1an cén theo chidu ngang hodc chiéu
doc (do khoang cach theo duong chéo 16n
hon). Do viy, hai noron lién ké theo chiéu
ngang (hodc doc) cé su khac biét it hon so vdi
noron lién k& theo dudng chéo. Day 1a nguyén
nhan 1am cho dit liéu trén ban d6 dic trung co
xu huéng bién thién nhiéu theo dudng chéo.
Mat khac, do thdi quen t6 chuc dir liéu nén
nguoi ta hay xac dinh vung lan can theo hinh
vuong. Trong truong hop nay, viéc xay dung
ma tran truc quan dua trén khoang cach gitra
c4c noron nén quan tim nhiéu hon tdi cac gia
trj khoang cach theo duong chéo. Phan tiép
theo, chung t6i dé xuit xay dung U-matrix cai
tién theo nguyén tic nay.

3. U-MATRIX VA DPE XUAT CAI TIEN

Ma tran truc quan U-Matrix do Teuvo
Kohonen dé xuét, biéu dién su phan bd cua
dir liéu theo mirc xam. Cac vung mau sang
trong ma tran biéu dién cac cum (khoang cach
giita vector trong s cua cac noron nhd), cac
ving mau t6i (khoang cach 16n) 1a mién phan
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cach gitta cac cym.

Tur ma tran Kohonen, ma tran U-Matrix V'
biéu dién khoang cach giita cdc noron theo
nguyén tic: Noron tai vi tri (i,/) trong ma trin
Kohonen c6 vector trong sb twong Gng 13 w;,
s& dugc biéu dién boi cac phan tir dxj), vy,
dxyajy va dugj 1a cac khoang cach Euclidian
duogc xac dinh nhu minh hoa & Hinh 2.

Nhu vy, ma tran ¥ ¢6 kich thudc 1a (2n-
1) x (2m-1) dugc xac dinh theo cong thic (5).

duy, —dx,, dug,, dx,, 1
dy(l,l) dxy(l,l) dJ/(z,l) dxy(m,l)
dug ,  dxg,  dug o dax,,

V= dJ/(l,z) de(l,z) dy(z,z) dx)’(m,z) &)
dug,, dx,, dug, ax.,, .
dy(l,n) de/(l,n) dY(z,n) dxy(m,n)

Trong d6, cac phan tir dx;j, dyaj, dxy)
va dug; dugc xac dinh nhu sau:

dx([,j) :H Wi,j 7Wi+1~j ||
iy = Wiy = Wil

LW, =Wl W =W |l
dey ) == N —

2 2 V2

dug ) dugc tinh bang gia tri trung binh cua
tam khoang cach bién xung quanh.

Ma tran U-Matrix dat duoc béng cach
chuyén doi gia tri cac phan tir cia ma tran V
thanh gia tri theo mirc xam (tir 0 dén 255).

Ly do mdi phan tr (i, j) trong ma tran
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Kohonen dugc biéu dién bang 4 phan tir dx,,
Ay, dxyaj) va dug, trong ma tran V13 & lam
ndi (ting kich thudc) mién phan cach giita
cac cum. Tuy nhién, diéu nay lam kich thudc
ctia U-Matrix 16n gp 4 1an kich thudc ctiia ma
tran Kohonen.

o - o

Q )
qgdy Jdxy

O O Q

Hinh 2. Minh hga cach xiay dung ma trin
khoang cach V'

Thuc chét, viéc biéu dién mdi phﬁn tr
trong ma tran Kohonen thanh 4 phan tir trong
ma tran ¥ 12 khong can thiét. Do cac gia tri
khoang cach duoc biéu dién dudi dang murc
xam nén chi can ting d6 16n gia tri mirc xAm
13 ¢6 thé quan sat duoc. Ma trdn U-Matrix néu
chi sir dung du ciing c6 thé truc quan duoc.

Trong 16p Kohonen, néu coi khoang cach
giita cac noron la cac vach ngin dé phan chia
noron vao cac cum, thi viéc xay dung mot ma
tran biéu dién vach ngan giita cdc noron nay
1a phu hop. Ching t6i dé xuit xay dung ma
tran U-Matrix cai tién ¥ ¢ kich thuéc 1a (n-
1)x(m-1), biéu dién khoang cach theo dudng
chéo giita 4 noron lang giéng lién ké (tai cac
vi tri twong Ung cia ma trin Kohonen nhu
Hinh 3), trong d6, phan tr v’(i,j) 1a khoang
cach trung binh cua hai cip vector trong sb
nam trén duong 2 chéo qua v’(i,j). Ttc la:
Vi =(dist(W; Wi g jv1) Ydist(Wis 1 j,wij+1))/2,
trong d6 ham dist 1a khoang cach dugc tinh
theo Euclidian. Vi du:

v 0.0=(dist(wo,o,w1,1) +dist(w1,0,wo,1))/2

Céc phan tir cia U-Matrix cai tién dugc
tinh bang cach chuyén doi gia tri cic phan tir
twong tng ctia V'’ thanh gia tri mirc xam. Nhu
vay, kich thuéc cua U-Matrix cai tién b?mg
kich thudc cna ¥~ (Iuu y rang U-Matrix goc
¢6 kich thude gip 4 1an kich thude ma tran
Kohonen). Thyuc té, d& lam ndi mién phan
cach gifta cac cum c6 thé nhan mdi phan tir
ctia ¥V’ v&i mot hé sd khuéeh dai.

Ma tran U-Matrix cai tién c6 duong ranh
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gidi gilta cac cym manh hon so voi ma trin
U-Matrix gbc (do mdi phin tir trén ma tran
Kohonen tuong tng v6i 4 phan tir trén U-
Matrix gbc). V& chat luong truc quan, ca hai
giai phap 1a twong dwong do cach tinh phin
tir du tuong ty cach tinh v’;;. V& d6 phirc tap
tinh toan, viéc tinh toan trén U-Matrix cai tién
s& giam 4 lan so véi U-Matrix gbc do U-
Matrix cai tién co kich thudc bang 16p
Kohonen, trong khi U-Matrix gbc c6 kich
thudc 16p gip 4 lan kich thudc cua 16p
Kohonen.

Wo o Wo 1 Wo 2
® ® @

3
L

.W 10

.Wo, 3

2
Vo1

.W’ s

.W;,_?

o'
] ¥
Voo L V22

.Wj,o .W_?,j ‘*’3,2 ‘*’3,5

Hinh 3. Minh hoa ma tran V” kich thwéc
3x3 hinh thanh tir ma tran Kohonen
kich thuéc 4x4

4. PHAN CUM NORON DUA TREN U-
MATRIX CAI TIEN

.W 23

Chung t6i dé xuit xay dung ma trin nhi
phan 7 ¢6 kich thudc bang ma tran 7, trong
d6, mdi phan tir v, s& ¢6 gia trj 13 0 hodc 1,
cac vung gié tri 0 (v”,;=0) biéu din cac cum,
céc vang c6 gia I (v”;,=1) biéu dién bién cum
(mién phan cach cac cum).

Viéc xac dinh gia tri cua v”;; thuc hién
theo nguyén tic: Néu coi mdi phan tirv’;; €
J’ (biéu dién khoang cach) 14 cac vach ngin
giira cac noron trong ma tran Kohonen, thi
cac noron nao co6 vach ngan gitra chiung nho
hon ngudng H duogc coi la cung mdt cym.
Tac 13, néu v’i;<H thi v”;;=0, nguoc lai
v”i;/=1. Qua trinh dé xac dinh k cum thuc
hién nhu sau:

Budc 1: Xéac dinh phan tir nhd nhit trén
ma trdn V°, goi la min(V")

Budc 2: Khéi tao H=min(V’); thiét 1ap
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hang sé diéu chinh p va hing sé 1am manh
bién cum ¢ (p, ¢ la cac gia tri duoc ting thém
cho H, véi g < p)

Budc 3: Xy dung ma tran V', bang cach
duyét ma tran 7, vi mdi phﬁn trvelr’,
néu v’i<Hthiv”;;=0, nguoc lai v”;;=1.

Budc 4: Xac dinh s cum dat duge trong
ma tran V' st dung thuat toan tim kiém theo
chiéu rong BFS (Breadth First Search). Néu
s cum dat dugc bang k thi H=H+¢q (lam
manh ranh giéi gita cac cym), nguoc lai
H=H+p (tiép tuc diéu chinh H dé dat duoc k
cum). Lap lai tr Budc 3 néu s6 cum dat duge
van nhé hon hoic bang k.

Buédc 5: Anh xa ma tran nhi phan V' vé
ma trin Kohonen dé xac dinh mdi noron
thuoc vé cum nao. Cac cum noron trén ma
tran Kohonen tuong ung 1a cac cum trén ma
trdn V' (vung c¢6 v ;=0).

Tuy nhién, cé6 thé c6 mot sd noron trén ma
tran Kohonen lai c6 vi tri tuong Gimg v4i ving
trén ma tran ¥ ¢6 cac phan tir v”;,=1, tic la
noron ndy nam trén dudng ranh gidi giita cac
cum. Nhu vay, cac dir liéu dugc dic trung boi
nhitng noron nay khong thugc cum nao trong
k cum. Diéu nay 1a hop 1y vi thuc té c6 nhiing
phﬁn tor ngoai lai, khong thudéc cum nao.
Nguyén nhéan xuét hién cac phan tir ngoai lai
¢6 thé do mang noron chua duoc huin luyén
dﬁy da hodc tap dir liéu tdn tai cac ph?m tr
ngoai lai thyc suy.

Chuy réng, khi str dung thuat toan tich tu
(Stephanie, 2018) dé xac dinh k cum, mdi mot

by Ma trdgn Kohonen
sau huan Tuvén

a) Anh g&:

noron trong ma tran Kohonen chic chin s&
thudc v& mdt cum nao d6. Do vay, tat ca dit
liéu déu duoc dic trung bdi k cum, bao gém
ca cac phﬁn ti ngoai lai. Nén viéc xac dinh
cic phan tir ngoai lai trong tap dir li¢u la
khong thé.
5. THUC NGHIEM

Dbi v6i bai toan phan doan anh, mdi diém
anh dugc coi 1a mot vector diu vao voi ba
thanh phé‘m Red, Green, Blue. Nhu vy, mang
gdm c6 ba dau vao tuong tmg véi ba gia tri
mau cia diém anh.

Kich thudc ma tran Kohonen: 30x30

S6 lan huan luyén bang kich thudc anh
d4u vao (sé diém anh) Sau khi huin luyén,
cac diém anh duogc phan bd trén ma tran
Kohonen nhu Hinh 4b (chii y: do mdi noron
¢6 vector trong sb gdbm ba thanh phin twong
{rmg v6i ba thanh phan Red, Green, Blue nén
méi ¢6 thé biéu dién ma trin Kohonen duéi
dang hinh anh. Véi cac dir liéu khac khong
thé quan sat dugc nhu truong hop nay). Xay
dyng U-Matrix cai tién (Hinh 4c) va ma tran
nhi phan V' véi tham s6 H duoc diéu chinh
tir 0.030 dén 0.038, gia tri mdi 1an didu chinh
p=0.001, g=0.0001. Hinh 4c 1a hinh anh tryc
quan bang U-matrix cho phép quan sat phan
bd dir liéu. Sir dung SOM di huén luyén,
chung t6i thu nghiém phan doan mau anh
gbc dat két qua nhu Hinh 4d. Bing truc quan
cho thiy két qua phan doan mau anh gbc &
Hinh 4d 1a chip nhan duoc.

¢) U-Matrix cdi tién d) .4}3 dung phdn

dogan

Hinh 4. Két qua thir nghi¢ém phin cum mau anh

S601(2021): 80— 85
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6. KET LUAN

KY¥ thuét tryc quan dya trén ma tran muc
xam U-Matrix cai tién duoc thuc hién theo
nguyén tic twong tu nhu ma tran U-Matrix
gbc. Tuy nhién, chiing t6i da lugc bo bét cac
thanh phan khoang cach theo chiéu doc va
chiéu ngang (day la cac thanh phan c6 sy bién
thién it), chi giit lai cdc thanh phan khoang
cach theo duong chéo gilta 4 noron lang
giéng lién ké. Qua cac phan tich va thuc
nghiém da thuc hién, chét lugng truc quan
cia ma tran U-Matrix cai tién va U-Matrix
gbc 1a tuong duong. Dya trén ma trn khoang
cach cai tién da dé xuit, chung toi tiép tuc dé
xuit cach xac dinh ranh gi6i giita cic cum
trén ma tran khoang cach khi cho trudc sb
cum can hinh thanh. Két qua thuc nghiém ap
dung giai phap dé& xuit cho bai toan phan
doan anh la chép nhan duoc.
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THONG TIN TAC GIA
TS. Lé Anh Tu

- Giang vién khoa Cong nghé thong tin,
Trudng phong Pao tao - Truong Pai hoc
Ha Long.

- Linh vuc nghién ciru: Mang no ron nhén
tao, hoc méy, khai pha dir liéu, mang may
tinh va truyén thong.

ap chi khoa hoc
DAI HOC HA LONG
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