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Phan mang hinh anh.

Sinh hoc: Phan nhém dong, thuc vat.
Marketing: Xac dinh cic nhém khach hang tiém ning, phan
loai va du dodn hanh vi khich hang.

= B3o hiém, tai chinh: Phan nhém céc déi tuong, du doin xu
hudng, phat hién gian |an tai chinh.
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Hinh: Ung dung clia bai todn phan cum trong Marketing
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= Véi x 13 mdt vector thudc khéng gian d chiéu (x € R9)) thi:
d
[Ix[[ = /207y %7

m S 13 tip hgp gid tri cla mién dif liéu (S c RY véi d 13 sb
chiéu cda dit liéu).
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Dong luc

Gia dinh ring c6 mdt tap dif liéu r3i rac hitu han dugc sinh ra theo
mot phan bd nao dé. KDE 13 mét phuong phap khéng cé tham sb
(non-parametric) dugc st dung dé€ uéc luong ham phan bd xac
subt (probability density funcion) d3 dugc diing dé sinh ra tap dit
liéu nay.
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Kernel |3 gi?

Ham K(X) : S — R dugc goi la mot kernel khi va chi khi ton tai
mot ham k : [0,4+00) — R thod man:

« K(Z) = k(IFIP)

k(x) khong 4m

k(x) khong tang, tic la Va < b: k(a) > k(b)

k(x) kha vi v6i moi x € [0, +00)

0+°° k(x)dx < 400 (théng thudng d& chuan hod, tich phan
nay cé gia tri bang 1)
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Mot sb kernel thudng gip

Flat, triangle, Epanechnikov, quartic (biweight), tricube, triweight,
Gaussian, quadratic.
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Flat kernel

Flat kernel

if x <
K(x) = 1 !x_)\
0 ifx>A\

Hinh: Unit Flat Kernel K cho dif liéu 2 chiéu
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Gaussian Kernel

Gaussian kernel ,

kx) = 727,

Trong d6 tham s6 d6 lach chuin o dugc coi nhu 13 tham sb
bandwidth cta thuit todn Mean Shift (sé dugc gidi thich rd hon
sau).

Hinh: Unit Gaussian Kernel cho dif liéu 2 chiéu .
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KDE I3 gi?

Goi (x1, X2, . ..,Xp) 12 n diém dit lieu dugc iy m3u déc lap véi
nhau tir mdt phan bb nao dé cé6 ham mat d6 f. Chiing ta can udc
lusng hinh dang ham f ndy. Hdm f c6 thé dudc udc luong bdi
ham sb f, goi 1a KDE va tinh bdi céng thic :

Fu(x) = (1)

Trong dé K 13 ham Kernel con h 13 tham s& ban kinh (bandwidth),
anh hudng dén dé "tron" trong uéc luong ctia phan phbi.
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Lich st

Thudt todn Mean Shift Clustering ra dgi vao ndm 1975 va thudng
dugc ting dung vao cac bai todn: phan cum dif liéu, phan mang
hinh dnh, do theo di tuong hinh anh.
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Gid tri mean

Cho Q C S 1a mot tap hitu han di liéu xung quanh diém x va ham
Kernel K. Gia tri trung binh cé trong sb vé6i Kernel K tai diém x
dugc dinh nghia nhu sau:

> K(xi — x)xi

M) = ey 2)

X CQ

Khi d6, m(x) — x, dugc goi la mean shift vector v, s& chi m3i diém
vé hudng clia cum cé mat do cao. Thuat todn Mean Shift sé gan
x < m(x) va lap di 13p lai cho dén khi hdi tu.
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Mean shift

Tinh todn Mean Shift vector v(x})

Dich duyén diém x! téi vi tri m6i xIT = x! + v(x})

L3p lai 2 budc trén cho téi khi x,-t+1 g§n nhu hdi tu véi tdm
cﬁ\a mot trong nhitng cum cé mit dé day dic hoic dat dén
diéu kién dirng.

Clustering: X&p cac diém dir liéu vio cic cum thich haop.
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Vé ban chit

Qué trinh Mean Shift |a qué trinh tim ra cac cuc tri dia phudng
cta ham KDE. Ham KDE dugc dinh nghia nhu sau:

X

el Q) =+ SO K( ), ()

Trong d6, h 13 tham sb bandwidth chi ban kinh ctia Kernel va ham
K(x) dugc dinh nghia nhu sau:

K(x) = ck(||x[[*) (4)

Vi ¢ la hang so chuan héa va k 1a ham kernel.
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X — Xj

h
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Vé ban chit

Thay (4) vao (3), ham du doan mat do (3) sé trd thanh:

fK(x,Q):%ik( ) (5)

i=1
Ham du dodn méat dé gradient c6 dugc b??mg cich Iéy gradient cla

ham (5):
2
) - (6)

X — Xj

h

X — Xj

h

nh? <
i=1

Vh(x Q) = X% (x—x,-)k’(
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Vé ban chit

Dat

g(x) = —K'(x)

Thay (7) vao (6), ta dugc:

Vic(x, Q) = &

i=1

h? (xi —X)g(
=1

:%[zﬂ:g<

X — Xj

h

)

X — Xj

h

g7 11%)x

(175 11%)
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Suy ra,
> g (X5 1P)xi b2
=l =x+— Vik(x,S).  (8)
2 (7521012) 2c§1g(ll%llz)
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Minh hoa

Dudng cong mau xam la ham mat do thuc (cé gia tri trung binh 13
0 va phuong sai 1). V&i h = 0.05, h = 2, h = 0.337.

JA

Ll il

0.3

Density function
0.2

0.1

0.0

Hinh: KDE véi cac bandwidth khdc nhau clia mot phép thi ngiu nhién
100 diém tir phan phdi chuln.
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Hinh: Anh gbc
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L Bandwidth
Lps tt ctia bandwidth

Danh gis d6 tt cta bandwidth

Cach phd bién nhit 13 st dung ham mit mét L, (MISE - mean
integrated squared error).

MISE(h) = E [ / (F(x) — F(x))2dx| . 9)

Trong dé f 13 ham KDE ma ta du dodn con f 1a ham mat dd xac
suit that su. Bing chiing minh toan hoc, gid tri h lam cho ham
MISE dat gia tri nhd nhat la:

[ K(x)?dx

[ x2K (x)dx] [ [ f"(x)2dx] n/5’ (10)

h=
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Danh gis d6 tt cta bandwidth

Luu y: cdng thic & trén khéng thé dp dung dudc trong thuc t& do
chua biét dusc f nén ciing khéng thé tinh duoc .
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Lps tt ctia bandwidth

Danh gis d6 tt cta bandwidth

Luu y: cdng thic & trén khéng thé dp dung dudc trong thuc t& do
chua biét dusc f nén ciing khéng thé tinh duoc .

N&u gia dinh ring dif liu dudc sinh bing phan phdi chuin, ta c6
thé chiing minh dugc ham mat mat L, dat gid tri cuc tiéu tai:

- (42) 1)
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Lps tt ctia bandwidth

Danh gis d6 tt cta bandwidth

0.2
0.18 solve-the-eqn.
0.16
0.14
0.12
E)
Z on
T
=
0.08
0.06
0.04
0.02
0
-25 -20 15 -10 -5 0 5 10 15 20 25
&
Hinh: Mét so su lua chon bandwith .
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LSLI hdi tu va tinh dirng cla thuit todn

Su hdi tu

Thuat toadn Mean Shift d3 st dung Gradient Ascent dé dua mdi
diém dén cuc dai dia phuong mét cich déc 13p => su héi tu cla
thudt todn Mean Shift 1a hé qua cla viéc st dung Gradient Ascent
dbi véi cac diém x riéng 18.
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LSLI hdi tu va tinh dirng cla thuit todn

Tinh ding cla thuat toédn

m D&i véi dit lidu rdi rac, sb budc hdi tu phu thudc vao kernel
dugc str dung.

w Khi G 13 flat kernel, sy hi tu dat dugc trong mét sb buéc
hiru han.

m Khi st dung mét kernel khac (Gaussian Kernel), thi su héi tu
sau hifu han budc 13 khéng chic chin. Giai phap: dit gisi han
dudi cho v.
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Uu diém

= Khéng dua trén mét sb gia dinh nhu thujt todn K-means.
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LU diém

Uu diém

= Khéng dua trén mét sb gia dinh nhu thujt todn K-means.

» Chi phuy thudc mét siéu tham s bandwidth.

m Co \thé7 Xt |i cac diém dit liéu ngoai lai (outliers) t&t hon kh4
nhiéu so v4i thuat toan K-means.
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Nhuoc diém

m Do phic tap cao.
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LU'u, nhugc diém cta thuat todn Mean Shift
L Nhuoc diém

Nhuoc diém

m Do phic tap cao.
w CAn phai tim ra m&t gia tri bandwidth phii hop.
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