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TOM TAT

Bai bdo dwgc thye hién nham khdo sat khd nang dp dung mo hinh phan
phéi hon hop Dirichlet két hop véi thudt todn xdp xi ngau nhién cuc
dai héa ky vong (mixD-SAEM) aé phan logi cac dang ngay birc xa mat
troi dua trén phan phéi ciia chi sé sang. Hiéu qua ciia phwong phap
dwoc danh gia thong qua so sanh véi hai phwong phéap phdan cum phé
bién la k-means va phan cum thir bac. Thuc nghiém duogc thuc hién
trén hai nhom dir liéu gom b dir liéu birc xa mat troi ¢o tan sudt ldy
mau cao dwge sir dung trong nghién ciru trude day va cdc bé dir liéu
birc xa mat troi ghi nhan tai hai tram khi twong o Bé‘ng bdng song
Ciru Long véi chi 9 quan sdt méi ngay. Poi véi truong hop dir liéu
thua, cdc histogram phuc vu phdn logi dwoc xdy dyng tir cac ham mdt
dé xdc sudt woe lirong bang phiong phép ham hat nhan. Két qua danh
gid thong qua cdc chi so Silhouette va Davies—Bouldin cho théy
phirong phdp mixD-SAEM ¢6 kha ndng nhdn dang tot cac dang ngay
birc xg mat troi, ddc biét trén cac di liéu ma ddc trung phdn biét chu
Yéu ndam & hinh dang phén phéi.
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ABSTRACT

The article investigates the applicability of a Dirichlet mixture
distribution model combined with the Stochastic Approximation
Expectation Maximization algorithm (mixD-SAEM) for clustering
daily solar radiation patterns based on the distribution of the
clearness index. The performance of the proposed approach is
evaluated and compared with two widely used clustering methods,
namely k-means and hierarchical clustering. Experiments are
conducted on two datasets: a high-frequency solar radiation dataset
previously used in the literature and solar radiation datasets collected
from two meteorological stations in the Mekong Delta region of
Vietnam, where only nine observations are available per day. For the
sparse datasets, histograms used in the clustering process are
constructed from probability density functions estimated by kernel
density estimation. Clustering performance is assessed using the
Silhouette and Davies—Bouldin indices. The results indicate that the
mixD-SAEM approach is capable of effectively identifying distinct
daily solar radiation patterns, particularly when the discriminative
information is embedded in the distributional shape of the data.

Keywords: Dirichlet distribution, EM, k-means, solar radiation
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1. GIOI THIEU

Su bién d6i ctia birc xa mit troi gy ra su bién
dong cuia hé thong san xut dién sir dung céc té bao
quang dién. Trong ludi phan phéi dién mat troi véi
mat do cac té bao quang dién cao, sy bién dong
nhanh chéng giita cac dang phan bd birc xa khac
nhau c6 thé din dén su bién d6i kho luong cua dién
4p nit va cong sudt trong mang ludi. Piéu nay dan
dén sy can thiét phai nghién ctru, khao sat cac loai,
céc dang phan phdi birc xa mit troi ¢6 thé bién dong
thay d6i qua lai 1an nhau trong ngay hay trong chudi
cac ngay trong nam.

Dir liéu birc xa mat troi do dugc trong ngay duoc
chuyén qua khao sat dudi dang biéu do tan suét
(histogram) cuia cac chi s6 sang tuong ing va cac
dang ngay birc xa mét troi dugce phan loai theo cac
histogram nay. Qua qua trinh cdp nhat tham sé cua
phan phdi hdn hop Dirichlet bang thuét toan xap xi
ngau nhién cuc dai héa ky vong (SAEM — Stochastic
Approximation Expectation Maximization), cac
histogram dugc phan b vao cac cum phan loai khac
nhau. Pay 1 cach tiép can phan loai dugc gidi thidu
boi Soubdhan et al. (2009) - duoc néu tén viét gon
12 mixD-SAEM trong céc xem xét, d& cap co lién
quan & phia sau. Trong cong bd nay, cac tac gia cling
da tién hanh céc thuc nghiém trén dit liéu thuc; tuy
nhién, chua c6 cac danh gia vé hidu qua cua két qua
phan loai va ciing khong c6 céc so sanh két qua véi
cac phuong phép phan loai khac. Hon nita, dit li¢u
birc xa mat troi duoc st dung trong thyc nghiém cua
Soubdhan et al. (2009) 1a kha 1y tuong voi toc do lay
méu la 1 Hz (dit liéu dugc ghi mdi nira gidy mot 1an).
Nho d6, phuong phap dugce thuc nghi¢ém trén céac
histogram c6 chat luong cao, dugc hinh thanh tu $6
lugng 16m cac gia tri dit liéu do duge mdi ngay. Cau
hoi dugc dit ra dé xem xét ¢ day 14 liéu phuong phap
nay c6 thé dwoc ap dung tt trén dit liéu birc xa mat
troi do duge & cac tram do hién nay ¢ ving Dong
bang séng Ctru Long cia Viét Nam, vé6i dir liéu
dugc ghi do kha thwa, mdi gio ghi luu mot 1an?

Dit liéu dugc st dung dé thu nghiém trong bai
bao nay la cac gia tri buc xa dugc ghi luu ¢ hai tram
khi tuong dat tai Can Tho va Rach Gia, ghi do hang
gid mdi ngay trong khung thoi gian 9:00 — 17:00
(chi tiét vé viéc xir Iy dir liéu dugc trinh bay & muc
5.2.1 phia sau). Do diéu kién dit liéu quan sat & mdi
ngay qua it, véi chi 9 quan sat mdi ngiy nén cic
histogram str dung phan loai cho mdi ngay khong
dugc 1ap tir 9 quan sat nay ma duogc thiét 1ap tir cac
ham mat d6 xac sudt (PDF) dwoc u6c luong tir
phuong phép ham hat nhan. Chat lwong két qua thuc
nghiém phan loai duoc danh gia theo cac tiéu chudn
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Silhouette va Davies—Bouldin. Qua do, cac két qua
nhan dugc tr phwong phap mixD-SAEM dugc so
sanh véi cac phuong phap phan tich cum thuong
dugc st dung phd bién khéac. Trude dé, viée danh
gia va so sanh cac phuong phap trén cac dir liéu thuc
nghiém duoc cong bd bsi Soubdhan et al. (2009)
cling dugc tién hanh dé kiém ching cac phuong
phap trén dit liéu co chét luong ghi do tot.

Trong cac phuong phap phan tich cum phd bién
(bao gdm ca dang c6 giam sat va khong c6 giam sat)
thudng dugc st dung nhu phén tich cum dya vao
trong tam k-means, phan tich cum thir bac va khong
thtr béc, phan tich cum dua trén mo hinh, phan tich
cum mo va khong mo, phan tich cum ty dong, ... thi
hai phuong phap 1a phén tich cum k-means (c6 yéu
cau biét s6 luong cum) va phan tich cum thir bac (ky
hiéu clustergram, khong yéu cau phai biét s luong
cum) duoc phat trién tir rit sém va co tinh dai dién
kha tbt. Cac két qua thuc nghiém cua phuong phap
mixD-SAEM dugc danh gia va so sanh véi cac két
qua nhan duogc tir hai phuong phéap nay.

2. PHUONG PHAP PHAN LOAI TU
PHAN PHOI HON HQP DIRICHLET

2.1. Phin phbi Dirichlet

Xét [ bién ngﬁu nhién doc lap ¥;,Y,, ..., Y, lan
lugt c6 phan phdi Gamma trong ng y(ay, 1),
y(az 1), .., y(a;,1). Khi chuén hoéa cac bién Y;
theo tong Y=Y,+Y,+--+Y, thi vector
(Y—l,y—z,...,ﬁ) s€ tuan theo phan phéi Dirichlet

v’y Y
, ap).

D(ay, ay, ...

Voi K blén Xk ~Dk(ak1,ak2, ey akl), k=
1,2, ..., K, c6 phan phoi Dirichlet dugc hinh thanh
nhu trén, mot phan phoi hon hop Dirichlet la mot
bién tong duoc xac dinh boi
Y= 1Pk Die (et Az, oov 5 Q) trong A6 pa, py, .., Die
1a cac trong so khong &m thoa man Y X_, p, = 1.

’Van dé dat ra khi mo hinh hoa theo dang phan
phoi hon hop Dirichlet 1a phai uwéc lugng tap tham
s0 ctia mo hinh:

Akl Py k= 1, ,K}

Trong nghién ctru nay, khi phan phéi hdn hop
Dirichlet  YX_, pp Dy (@1, Xpezs v, @) duoc st
dung dé m6 hinh hoa cho diy histogram cac chi s6
sang bic xa mat troi véi K nhom, trong do6 thanh
phan Dy (a1, ks, ...,a',d) xac dinh phan phéi cua
nhém tht & (k = 1,2,...,K), thi t4p tham s6 6 s&
duoc udc lugng dua vao mau dir li€u quan sat gom
nhistogram h; = {h; 1, hi5, ..., hy ), 1 = 1,2,
theo thuat toan 1ap SAEM, lé mot dang thuét toén

6 = {akl, ay
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lap duoc cai tién tir thuat toan EM (Expectation
Maximization) (Dempster et al., 1977), bang cach
thém cac budc mo phong xap xi ngau nhién dé khoi
tao cac gid tri tham s6 phu hop ban dau.

2.2. Thuat toan EM

Qua thuét toan EM tép tham s6 m&i s& nhan duqc
tur viéc cuc dai hoa ham log-likelihood dir li¢u day
du dugc xac dinh boi Q(6,8) = Eo(In(489));
trong d6, In(-) 12 ham logarit tu nhién, /1?1‘9 =
£ |, v6i Eg, Py 1an luot 1a ky vong va do do xéc
sudt phu thudc theo 8, H,, = a{hy, h,, ..., hy} 14 o-

dai $6 loc dir li¢u cta cac histogram quan sat dugc
hi - {hi,l'hl',Z' ""hl',l}' l = 1,2,

Xuét phat tir tap tham sé duoc chon ban dau (),
cac budc lap cua thudt toan EM tao ra dugc day
@ (‘”)q>1 cap nhat uéc lugng cho 8. Mdi budc lip

ctia thuat toan EM bao gdm 2 budrc sau:
Bude E (Expectation): Dit 6 = (@ va tinh
Q(8,6?) = Eq (In(45°)).
Buéc M (Maximization): Tim diéu kién cuc dai
6*D =arg maxy Q(6,0@).

bude E duoc 1p lai voi g = g + 1 cho dén khi
cac tham sO udc luong khong con bien dong thay
doi.

Theo Dembo and Zeitouni (1986), & mdi lan lap
cua thuat toan EM ludn c6 Q(+, 8@ V) — (-, @)
> 2(§@*D — §@)* vi 1 > 0. Pay 1a co s¢ chinh
dé nhan dugc két qua riang ddy cap nhat
{é(‘ﬂ}q:m héi tu hinh hoc vé mot tham sb 6*
(thudc trong mot bao dong chira mién bién dong gia
tri cua tap cac tham s6) ma khong phu thude vao sy
lira chon tham sb xuét phat ban dau 6@,

2.3. Thuit toan SAEM

Muc dich su dung thuat toan SAEM trong
nghién ctru nay 1a phan loai cac ngay birc xa mat troi
vao K nhom khéc nhau, qua qué trinh udc luong cap
nhat cho cic tham sé cta phan phdi hdn hop
Dirichlet. Mdi ddy dit liéu birc xa do dugc ¢ timg
ngay duoc chuyén sang dang dit liéu chi sé sang roi
1ap histogram twong (g v&i / khoang chia déu nhau,
cac dang ngay buc xa s€ dugc phan loai theo cac
histogram nay. Gia st c6 mot mau gdm n ngay dir
liéu birc xa mat troi, thuat toAn SAEM phan loai theo
cic histogram chi s6 sang tuong ung h; =
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{hiv hig o hig}, 0 =1,..,n, xép vao K nhom
theo céc budc lap dugc trinh bay dudi day.

Budée khéi tao ban diu g = 0: Gan ngdu nhién
moi histogram vao mot nhom, khdi tao ngéu nhién

()

céc xac suat hau nghiém t '+ va tap tham sb ban dau

theo cac phan phéi déu

9O = {a(ﬂ) (0)

) Qg ,pko), k=1,.. K}

Bude x4p xi ngdu nhién (SA): Sinh nhin ngiu
nhién e,; = (ef;) cho mdi ngay i theo phén phéi da
(q

thirc theo cac xac suat tién nghlem t ) , tur do tao

.....

vao cac nhom.

Néu c6 ty 1& phan hoach ctia nhom nao d6 qua
nho s€ tro lai budc g = 0 va budc SA.

Tai vong lap g = 1, 2,..., O; thuat toan thuc hién
cac budce lap E va M dudi day.

Buéce E: Tinh cic trong s6 va cac tham s
Dirichlet thanh phan

(q) [(1

=(1 _Vq)

Bude M: Cap nhat cic x4c suat hau nghiém xép
histogram i vao nhom &

Vq) Z?I:l tgc +7q iv 1 eql (D

N
L A b(FD
N q
Tiza by

iy, qlb(fl)
Zl 1 ql

+ Y -(2)

(@D _ P D@ a8, et o
5 _1p(q+1) ( (q+1) (q+1) ..... a,(fl“))(yd.

Thuét toan lap dén bude Q duoc in dinh hodc
cho dén khi cac tham s6 wdc lugng (cac trong s6 va
cac tham sb Dirichlet) khong con bién dong thay
ddi. Sy hoi tu cta thuét toan SAEM duoc dam bao
bai su hoi tu cua thuat toan EM.

2.4. Uéc lwgng ham hat nhan

Trong nghién ctru ciia Soubdhan et al. (2009), dir
liéu birc xa mat troi duoce ldy mau véi tan suat rat
cao (1 Hz), nhd d6 mdi ngay quan sat co thé thu
dugc hang chuc nghin gia tri chi s6 sang. Cac
histogram dugc xdy dung tryc tiép tir cic quan sat
nay c6 kha ning phan anh khé day du dic diém phéan
phdi cua timg dang ngay birc xa mit troi.

Tuy nhién, déi véi cac bd dit liéu birc xa mét troi
hién c6 tai cac tram khi tuong & DPdng bang séng
Cuu Long, dir li€u chi dugc ghi nhan theo gid trong
khoang thoi gian tir 9:00 dén 17:00, twong tmg chi
¢6 9 quan sat mdi ngay. Véi s6 luong quan sat nhod
nhu vay, viéc xdy dung histogram truc tiép tir dir
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liéu c6 thé dan dén hién twong phén bd rdi rac,
khong 6n dinh va kho phan anh chinh xac dac diem
phén phoi cua cac dang ngay blic xa mat troi.

Pé khéc phuc han che ndy, phuong phap ude
luong ham mat do xac suat khong tham s6 bang ham
hat nhan (Kernel Density Estimation — KDE) da
dugc su dung. Bay la phuong phap xdy dung ham
mat d6 xac suat tir dir liéu mau ma khong can gia
thiét trudc dang phan phéi cia dir lidu.

Gia str ky, ky, ..., k,, 1a mau gébm n gié tri chi s6
sdng ciia mot ngdy quan sat. Him mat do xac sudt
tai diém k duoc wdc luong theo cong thuc

2 k—k;
foy ==y, w (55
Trong d6:

* 9(-) 1a ham hat nhan,
« k14 tham s bang thong (k> 0),
+ nlakich thuéc mau.

&)

Trong bai bao nay, ham hat nhan dugc st dung
1a ham Gauss. Tham sb bang thong A quyét dinh
murc d§ lam tron ciia ham mat d¢ udc lugng. Néu h
qua nho thi ham mat d6 nhan dugc dao dong manh
va phan anh nhiéu nhidu cua dir liéu; nguoc lai, néu
h qua 16n thi cac dac trung phan biét gilra cac dang
ngay birc xa c6 thé bi lam mo. Trong nghién ctru
nay, gia tri bang thong dugc lya chon tyr dong theo
quy tac Silverman nham can bang giita do tron va
kha nang phan anh cau tric cua di liéu.

Sau khi nhan dugc ham mat do xac suat f(x),
doan gi tri ctia chi sé sang [0;1] dwoc chia thanh /
khoang déu nhau. Gi4 trj histogram tuong tng cia
mdi khoang duge xac dinh tir tich phan clia ham mat
do trén khoang do6.

Cac histogram thu duoc tir qua trinh u6e luong
ham hat nhén nay dugc st dung lam dir liéu dau vao
cho m6 hinh hdn hop Dirichlet va thuat toan SAEM.
Céch tiép cén nay cho phép khai thac thong tin vé
hinh dang phéan phéi cia day chi sO sang ngay ca khi
sO lugng quan sat trong mdi ngay rat nho, tir 46 mo
rong kha nang ap dung phuong phap mixD-SAEM
doi véi géc bo dir liéu })1’10 xa mét troi duge ghi nhan
trong dicu kién thyc t€ & Viét Nam.

3. PHUONG PHAP PHAN TiCH CUM K-

MEANS, PHUONG PHAP THU BAC

3.1. Phuong phap phén tich cum k-means

Phan tich cum k-means 1la mét trong nhiing

phuong phap phén cum khong gidm sat dugc sur
dung pho bién nhat hién nay. Y tudng co ban cua
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phuong phép 13 phan chia tap dir liéu gdm n ddi
tuong quan sat thanh K nhom sao cho cac dbi tuong
trong cuing mot nhom co mirc do twong dong cao,
dong thoi sy khac biét gitta cac nhom 13 16n nhat.

Gia st tap dir liéu gom n dbi tuong quan sat
(X1, Xy .., X,,), trong d6 mdi d6i tuong dugce biéu
dién boi mot vector / chiéu. Véi s6 cum K da biét
trudce, phuong phap k-means tim cach cuc tiéu hoa
téng binh phuong khoang cach tir cac déi tuong dén
tdm cum tuong Gng:

W (K) —Z D =l

=1 X;€Ck

Trong d6, Cp 1a cum thu & va y; 1a vector tdm
cuacumdo, k =1,2,..,K

Thuat todn k-means dugc thuc hién theo cac
budce lap sau:

Budéc 1. Chon ngiu nhién K tim cum ban dau.

Budc 2. Gan mdi dbi trong vao cum c6 tim gan
nhat theo khoang cach Euclid.

Buwée 3. Cap nhéat lai tdm cua tung cum b?lng
trung binh cdng cac doi tuong thudc cum:

1
2, X

He = —
k Nk
XiECk

Trong d6, n; la $6 phén to thuéc cum Cy, k =
1,2, ..,K.

Buwée 4. Lap lai budc 2 va bude 3 cho dén khi
dat s6 lan lap tbi da hodc khi cac tim cum khong con
thay doi dang ké, tuc 1a khi gia tri ciia ham tong
khoang cach gitra cac quan sat t6i tam cum ma nd
thudc vé (goi 1a ham bién dang, la ham giam, bi chdn
du6i boi 0) khong con b1en ddng thay d6i nhiéu (gia
tri ham tiém cén gan vé gia tri nho nhat).

Trong nghién ctu nay, phuong phap k-means
dugc ap dung trén ma tran dir liéu cac chi sO sang
cua cac ngay blrc xa mat troi cn phan loai. Méi
ngay dugc biéu dién boi mot vector gdm cac gia tri
chi s6 sang theo thoi gian trong ngay. S6 cum K
dugc xac dinh trude dua trén thdng ké Gap trinh bay
& muc 4.1. Két qua phan cum nhan duogc tir k-means
dugc sir dung 1am co sé ddi sanh véi phuong phap
mixD-SAEM nham danh gia kha nang nhan dang cac
dang ngay buc xa mat troi khac nhau.

3.2. Phwong phap thir bac clustergram

Phan tich cum thtr bac 1a phuong phap phan cum
xy dung ciu trac phan cip giita cac doi tuong dir
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liéu thong qua qua trinh gdp hodc tach cum lién tiép.
Khac v6i k-means, phuong phap nay khong yéu cau
phai xac dinh trudc $6 lwong cum va thuong duoc
su dung dé khao sat ciu tric tiém an cua dir lidu.

C6 hai hudng tiép can chinh 1a phan cum két tu
va phan cum phéan chia. Trong nghién cuu nay,
phwong phép két tu da duge sir dung, bét dau véi n
cum don 1, mdi ddi tuong dir liéu tao thanh mot
cum riéng biét. O mdi bude lap, hai cum c6 khoang
cach gén nhau nhat dugc hop nhét thanh mot cum
moi. Qué trinh nay tiép tuc dugc thuc hién cho dén
khi toan bd dir liéu duoc gdp thanh mot cum
duy nhat.

Khoéng céach giita hai cum c6 thé dugc xac dinh
theo nhiéu tiéu chuan khac nhau nhu lién két don,
lién két day du, lién két trung binh. Trong nghién
ctru nay, khoang cach Euclid duoc st dung Kkét hop
tidu chuan lién két day du nhim giam phuong sai ndi
cum va tao ra cac cum co tinh déng nhét cao.

Két qua cua phéan tich cum thir bac dugc biéu
dién dudi dang biéu d6 cdy. Dua trén chiéu cao cta
cac nhanh cay va khoang céach hop nhat gilra cac
cum, nguoi phan tich co thé xac dinh s6 luong cum
thich hop bang cach lya chon mot mirc cit phu hop
trén biéu do.

D6i vai bo dir liéu birc xa mit troi, phuong phéap
phan cum thir bac dugc ap dung trén cung tdp dir
liéu dugc st dung cho k-means. Ngoai vai tro la mot
phuong phap d6i sanh véi mixD-SAEM, biéu db cay
nhan duge con dugce st dung két hop voi thong ké
Gap dé hd tro lya chon sé luong cum ti wu trude
khi thyc hién céc thuc nghiém phan cym ¢ muc 5.

4. SO CUM TOI UU VA CAC CHI SO
PANH GIA PHAN TiCH CUM

Phuong phap mixD-SAEM dugc dé xut dé phan
loai cac dang ngay birc xa mat troi duge su dung véi
gia thiét da biét sb luong cum K. Trong cdc thyc
nghiém, phuong phap thong ké Gap (Gap Statistic)
dugc st dung cung v6i viée quan sat biéu dd phan
cum tht bac dé xac dinh sé cum. Co s& va nguyén
tic co ban cta phuwong phap théng ké Gap cung hai
chi s6 danh gia hi¢u qua phan tich cum 1a chi sb
Silhouette va chi sé Davies-Bouldin s& duge trinh
bay lan luot tiép theo dudi day.

4.1. Xac dinh s6 cum tbi wu theo théng ké

Gap

C6 nhiéu tiéu chi va phuong phap thong ké
(phuong phap khuyu tay, thong ké Gap, phuong
phap silhouette,...) co thé dugc sir dung dé xac dinh
s6 lugng cum t6i wru nhung hién chua cé lya chon
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nao dugc xem 1a t6t nhat cho van dé nay. S6 luong
cum tdi wu duoc xac dinh c6 phﬁn chu quan (dya vao
kinh nghiém phan tich, tryc quan hoa dit li€u,...) va
phu thudc vao phuong phéap duge st dung dé do
ludng sy twong ddng va cac tham s dugc sir dung
dé phan cum.

Giai phap duogc st dung & ddy 1a dwa vao thong
ké Gap; sau do, viéc quan sat kiém tra biéu do cay
dugc tao ra dugc thuc hién bang phuong phap phan
cum thtr bac dé xem liéu c6 phu hop voi goi y mot
s6 lwgng cum quan sat tir d6 hay khong.

Tiép can theo thong ké Gap la mot phuong phap
dinh luong chat ché dé xac dinh s6 cum t6i uu, duoc
dé xuét boi Tibshirani et al. (2001). Phuong phap
nay so sanh muc d6 tap trung cua dir li€u thuc véi
murc d6 tap trung cia dir li€u tham chiéu duoc sinh
ngau nhién.

Gia st dr liéu dwgc phén thanh K cum
C1,Cy, ... ,Cx. Vi D, 1a tong khodng cach gitra tat
ca cac cap diém trong cum C,, va Ny 1a s phan tir
ciia cum C,. Tiéu chi danh gia téng binh phuong
khoang cach bén trong cum dugc dinh nghia la:

K

1
WK = z
r=1

2n,

Tiép can cua théng ké Gap 1a chuén hoa sy bién
thién ctia In(Wy) bang cach so sanh n6 véi gia tri
ky vong ciia né dudi mot phan phdi tham chiéu dong
nhit khong c6 cdu trac cum. Gia tri théng ké Gap
cho K cum duoc tinh bang cong thirc:

Gapg = Ep[ln(Wy)] — In(Wy)

Trong @6, E;; [In(Wy)] chi ky vong toan hoc trén
v tap dit liéu mau tham chiéu duogc sinh ra ngau
nhién.

Dé tinh toan sai s6 mo phong, goi sk 1a d¢ léch
chuén ctia v 1an mo phong mau tham chiéu:

SK=tK 1+%,

voi tg 1a o léch chuén miu cta cac dai luong
In(Wy).

S6 luong cum toi wu K sé& 14 gia tri K nho nhat
thoa man diéu kién chi sb Gap tai do khong bi vuot
qua dang ké boi chi s6 Gap cia s6 cum ké tiép K+1.
Quy tic toan hoc dugc Tibshirani et al. (2001) dé
xuét 1a chon K sao cho:

(4)

Gapg = Gapgi1 — Sk+1-
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S6 cum t6i wu 1a diém ma tai d6 gia tri Gap dat
cuc dai dia phuong hodc bat ddu co xu hudng bao
hoa, ddm bao ciu tric phan cum vura du chat ché,
vira tranh dugc hién tugng qua khop dir lidu.

4.2. Chi so Silhouette danh gia hi¢u qua phéan

tich cum

Chi sb Silhouette duoc dé xuit bdi Rousseeuw
(1987) va hién 1a mot trong nhimng tiéu chuan duoc
str dung khéa phd bién dé danh gia chat luong phan
cum. Chi s6 nay dong thdi xem xét mire d6 twong
dong ctia mot ddi twgng véi cac phan tir trong cling
cum va mirc d6 tach biét cua ddi tugng do6 voi cac
cum con lai.

Gia str dbi twgng thi i thude cum Cp, i =1, 2,.

n. Ky hiéu a(i) 1a khoang céach trung binh tir d01

tuong nay dén tt ca cac ddi twong con lai trong cling
cum:

1
a(i) = —— Z a(,j)
-1 £,
JECK,J#i
Trong do, d(i,j) 1a khoang cach giita hai ddi
tuong i vaj.
béi v6i mdi cum khac C,, r # k, tinh khoang

cach trung binh tir d6i tugng i (i € C;) dén cac phan
tr thudc cum do:
dir Z]ECTd(l ])

Gia tri b(i) = rrg}} d; duge goi la khoang cach
T

Crl

lan can gan nhat cua doi twong i d€n mot cum khéc.

Khi d6 chi sb Silhouette ctia dbi twong thir i duogc
xac dinh boi

s() =

Gia tri Silhouette trung binh cta toan bo di li¢u
duoc tinh boi

b(i)—a(i)

maxap0y 1Ss@O =1

— 1 .
§=— rais(@).

Y nghia cua chi sé Silhouette dugc sir dung dé
danh gia nhu sau:

e s(i) duong: dbi tuong dugc phan vao dung
cum,

e s(i) gan bang 1: dbi twgng dugc phan vao
dung cum va nam tach biét tot véi cac cum khac,

o s(i) gin bang 0: dbi twong ndm gin ranh giGi
gitra hai cum,

e s(i) am: d6i tuong c6 thé da dugc gan nham
cum.
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Trong danh gia phan cum thuc nghiém phia sau,
ngoai gia tri Silhouette trung binh, ty 1& cic phan tir
¢6 chi sé Silhouette duong ciing dugc st dung dé
danh gia hiéu qua phan cum. Ty 1¢ nay cang cao
chung t6 phan 16n cac ddi tuong duge gan vao dung
cum tuong tng. Khi so sanh cac phuong phap phéan
cum trén cung mot bo dir liéu, phuwong phap co gid
tri Silhouette trung binh 16n hon va ty 1¢ Silhouette
duong cao hon dugc xem 1a cho két qua phan cum
tot hon.

4.3. Chi sé Davies-Bouldin danh gia hiéu

qua phan tich cum

Chi s6 Davies-Bouldin (Davies & Bouldin,
1979) 1a mét tiéu chuin danh gia ndi tai cua Kkét qua
phan cum dya trén sy Kkét hop giira d6 phan tan noi
cum va khoang céch tach biét giita cac cum. Khong
gidng chi sé Silhouette dugc tinh trén ting ddi
tugng, chi s6 Davies—Bouldin dugc xay dung truc
tiép tir cac ddc trung cia timg cum.

Gia st dir liéu dugc phan thanh K cum. Véi cum
C; c6 tdm cum la phan t y;, do phan tdn ndi cum
duoc xac dinh boi

St = 2 ExecdX — .

Khodang céch giita hai tim cum C; va ; dugc xac
|- Tir @6 xay dung h¢ sé
twrong ddng gitra hai cum R = '

+S; Ko yo -
— Poi voi moi
ij
cum C;, xac dinh R; = maxR;;. Chi s0 Davies-
VE

Bouldin cua toan bo két qua phan cym duoc tinh boi

DB =% K R

Gié tri DB ludn khong am. Chi sb nay cang nho
thi két qua phan cum cang tt do cac cum c6 mirc do
phan tan ndi cum thip ddong thoi khoang cach giita
cac cum 16n. Nguoc lai, gia tri DB 16n cho thiy cac
cum bi chéng 14n hodc chua duoc tach biét rd rang.

Trong bai bao, chi s6 Davies—Bouldin duoc st
dung ddng thoi voi chi sé Silhouette dé danh gia
hiéu qua cua cac phuong phap phan cum. Khi so
sanh trén cung mdt bd dit liéu, phuong phap c6 gia
tri Silhouette 16n hon va gia tri Davies—Bouldin nho
hon dugc xem la cho két qua phan cum t6t hon. Viéc
sir dung ddng thoi hai tiéu chuan nay gitip danh gia
day da hon ca mirc 49 dong nhit bén trong cum 1an
kha nang tach biét giira cac cum.
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5. AP DUNG THUC NGHIEM
5.1. Dir liéu thwe nghiém, chi 56 sang

Trong phéan thyc nghiém nay, phuong phéap phan
tich cum dugc dé xudt mixD-SAEM cung hai
phuong phap ddi sanh k-means, clustergram dugc
thyc nghiém trén hai dang dir li¢u birc mat troi véi
s6 quan sat do dugc trong ngay nhiéu it khac nhau.
Tht nhét 1a bo di lidu duge st dung & Soubdhan et
al. (2009). Pay 1a bo dir liéu ¢6 sd quan sat blrc xa
mat troi trong ngay 16n voi cac histogram cua cac
chi s6 sang tuong tng c6 chat lugng phéan biét tot.
Dang dir liéu thtr hai 1a cac dir liéu do dugc & cac
tram do dit & Pong bang séng Ctru Long, ¢ s6 quan
sat moi ngdy nho, phuong phap mixD-SAEM khi nay
duoc ap dung trén cac histogram lap tir cac PDF
nhén dugc tir phuong phap wdc lvgng ham hat nhan.

Do bién do bién dong cua dir liéu birc xa mat troi
rat 16n nén thuong duge thay thé trong cac nghién
ctru thong ké bang dai lwong chuén hoéa v hudng
(khong don vi) twong g 1a chi s6 sang. Chi s sang
K, tai thoi diém t 1a ty 18 gitra lwong birc xa mit trdi
do dugc trén bé mit nim ngang G, (W/m?) va
lwong birc xa ngoai khi quyén H, (W /m?) dwoc tinh
theo cac phuong trinh thién van (Sen, 2008) ¢ thoi
diém do:

Gt

ke =5

e 5)

Day 1a loai chi s6 dung dé do murc d6 sang trong
ctia bau troi. Cac chi sb sang co cing cac thude tinh
thong ké voi day dir lidu buc xa mat troi va 1ay gia
tri trong gi6i han tir 0 dén 1, chi s6 nay cang gan 1
thi bau troi cang trong sang.

5.2. Dir liéu ¢6 sd quan sit trong ngay lén
5.2.1. Gidi thiéu dit liéu

Dt li¢u blrc xa mit troi duge st dung trong
Soubdhan et al. (2009) dugc do tai Guadeloupe, mot
hon dao & Tay An thudc Phap, nim & vi 6 16°15 B
va kinh d6 60°30 B. Mau ghi do 6 tan sé 1 Hz dugc
thyc hién tir thang 9 nam 2005 dén thang 12 nam
2006 bé‘mg may do buc xa mat troi cua
KIPP&ZONEN, model SP-Lite. Cam bién nay c6
thoi gian phan hdi nho hon 1 gidy, ghi luu dir liéu
mdi nira gidy 1 l1an. Thuc nghiém ap dung cac
phuong phap phan loai & day dugc chon thuc hién
trén 225 ngay quan sat cua bd dir liéu nay, tir ngay
21/03/2006 dén ngay 31/10/2026. Pay la khoang
thoi gian véi da sé cac ngay dit liéu duoc ghi luu
day du hodc it bi khuyét thiéu nhét.

Xt Iy d6i v6i mdi ngay dir liéu: Trude hét, day
birc xa ngoai khi quyén (H,, W /m?) dugc tinh theo
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cac phuong trinh thién van, cung VO‘i day birc xa mat
troi do duoc (G, W /m?), diy chi sb sang (k.) nhén
duoc theo ty 1€ & (5), sau do lap biéu dd tan sudt
histogram cua (k,) theo | = 50 khoang chia déu
nhau trén doan gia tri gii han chi s6 sang tir 0 dén
1. Hinh 1 gidi thigu cac dai birc xa ngoai khi quyén,
btrc xa mat troi do dugc tai may do, dai chi sb sang
va histogram tuong ung ciia mot ngay dir liéu. Thuc
nghiém céc phan tich cum dugc tién hanh trén day
n = 225 Histogram dugc 1ap theo cach thirc dugc
thé hién ¢ Hinh 1. Phuong phap phan cum mixD-
SAEM va hai phuong phap dbi sanh dugc ap dung
trén bd dit li€u nay va dugc trinh bay & muc tiép theo
dudi day.

a) Div liéu hu=c xa mat trei do dwore va birc xa ngoal khi quyen

—— Gy Ble xa mat troi do duoc
-- Ht Blrc xa ngoai khi quyén W

9h

1200 +
800
400

E
=

D
h 11h ‘\3h

b) Chi sé sang k'—Gtth
03H__Chi sé sang k ‘\) |\ﬂr¢
0

Th Qh 11h ‘\Eh

¢) Histogram cua day chl sb sang k; trong ngay
2 T
(W Cot thn sudt]
LRS

ol ISR 1T || L — --lllIlI _______
0 0.25 0,75

15h 17h

1,
07—

17h

Tén suét

Chi sb sang k.
Hinh 1. X4c dinh histogram ciia day chi s6 sang
tir cac day dir liéu birc xa mat troi trong ngay

5.2.2. Két qua thic nghiém

Phuong phép théng ké Gap xéc dinh s6 cum t6i
uu cho b dit liéu 1a K = 7 (Hinh 2). Pong thoi, vide
quan sat biéu dd cay dugc tao ra béng phuong phap
phéan cum thur bac ¢ Hinh 3 cung ¢6 thém cho viée
chon sb cum nay.

Tim sb chim b3 wu theo thing ki GAP

i CAP

g

Gl i

Hinh 2. Xie djnh s6 cym thi wu véi b dir
ligu c6 s guan sat trong ngdy lon
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a0 Biéu dé phan tich cum thir bac

- @ @ ~ @
T T T

Khoang cach céac bac

~
T

Cac ngay btrc xa mat troi
Hinh 3. Biéu d6 phan cum thir bic véi b dir liéu
¢6 s0 quan sat trong ngay lon
Bing 1. Panh gia két qua phin cum ngay birc xa
miét troi trén dir liéu c6 so quan sat trong

ngay lén
Chi s0 Silhouette Chi s
Phuong phap Ty 1é Trung  Davies-
duong (%) binh Bouldin
k-means 14,22 -0,1869 5,2453
clustergram 14,22 -0,1869 5,2453
mixD-SAEM 4o 89 00153 3,5572
(7 cum)
mixD-SAEM g, 89 02625  2,6206
(4 cum)

Két qua phan cum nhan dugc theo k-means va
clustergram 1a hoan toan gidng nhau vé s6 lugng, ty
1¢ va hinh dang cua cac PDF & cac cum (Hinh 4).
Két qua giébng nhau nay con thé hién & cac chi s6
danh gia Shihouette va Davies-Bouldin ¢ Bang 1.
Ty 1& phan cum tt twong Gmg theo chi s6 Shiouette
dwong 1 khong cao, chi 14,22%. Trung binh chi s6
Shiouette bi &m chig t6 ¢6 nhiéu phan tir dit liéu bi
phén cum sai hoéc bi chéng lan.

Véi cing s6 cum K = 7, phuong phap mixD-
SAEM cho két qua tot hon vé chi sé Silhouette. So
sanh vé chi s6 Davies-Bouldin ciing nhan duoc két
qua t6t hon (thap hon) so v&i chi s tuong tng cia
hai phuwong phap k-means va clustergram.

Dong cudi cling ctia Bang 1 liét ké cac chi sb
danh gia phan cum theo phuong phap mixD-SAEM
voi K = 4 cum. Day la s6 cum duge su dung trong
thuc nghiém cta Soubdhan et al. (2009). S6 cum
thuc nghiém nay dugc céc tac gid xac dinh tir nhiing
khao sat va tham khao nhiéu phén loai trugc do6 trén
cac dir liéu twong ty. Nhu da néu 6 muc 4.1, ) luong
cum tbi wu duoc xéac dinh c6 phén phu thudc vao
phuong phap duge sir dung dé do ludong su twong
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ddng, c6 thé do cach tiép can khong gan ldm voi
phuong phap mixD-SAEM khai thac manh thudc
tinh phan phdi cua déi twong phan loai nén phuwong
phap théng ké Gap goi ¥ s6 cum K = 7 chua 14 tdi
wu d6i v6i mixD-SAEM.

Cum 1 (5 ngay, ~2%) Cum 2 (23 ngay, ~10%)

PDF (k)
PDF [ik;)

0.6

0 0,2 04
k

Cum 3 (13 ngay, ~6%)

0,8 1

Cum 4 (3 ngay, ~1%)

2 =
=20 Z 20
g0 A £ 10
N\ / 5 -
o . —— a r;’)ﬂ'-—L:;\:P -
0 0.2 04 06 08 1 1] 0,2 04 06 0,8 1
& &
Cum 5 (13 ngay, ~6%) Cum 6 (28 ngay, ~12%)

30 30
£ 2
=20 g
= =
[=) a
o o

0,8 1

10 , g}
0 S =
02 04 06 08 1
ke

Cum 7 (140 ngay, ~62%)

k,
Hinh 4. Két qua phin cum theo cic phwong
phap k-means, clustergram trén bg dir li€u voi so
quan sat trong ngay lén

Uéc lwong céc trong sé py Bién dong max{|Apl}
1 X :

0,01

—
Pz
Ps
—
S6 18N 1ap bt dAu 6n dinh hoi 1y

0,001

max{|Ap,[}

0,0001

18-05

1e-06

o=
o o 200
S6 lan l&p cla thuat todan SAEM

1e-07

800 0 400

200
S6 lan &p coa thuat toan SAEM

400 600 600 800

Hinh 5. Qua4 trinh bién thién dén bién thién wéc
lwgng cic trong so trong phian phoi hon hgp
Dirichlet qua thuit toan SAEM

Hinh 5 thé hién sy hoi tu caa thuit toan SAEM
trong phan cum mixD-SAEM véi s6 cum K = 4.
Tinh hoi tu thé hién & su 6n dinh cia cac cap nhét
thay ddi cac trong s6 py (k = 1,2,3,4) & cac lan lap
cua thuat toan. Sy cap nhat cac trong s6 bat dau 6n
dinh tur gé“m lan 1ap thir 300 cua thuat toan. O cac lan
lap bat dau tir day bién dong thay ddi cac gia tri trong
s6 khong nhiéu, thé hién qua quan sét gié tri sai léch
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thay déi 16n nhét cua cac trong s6 max{|Ap|} hau
nhu 6n dinh thap hon mtrc 10™* (do thi bén phai
tai Hinh 5).

Hinh 6 biéu dién cac dang PDF (dugc xac dinh
tir dit liéu chi s6 sang theo cung s lugng s6 gia déu
nhau / = 50 twong Gng véi cac histogram) 6 4 cum
nhan dugc tr phuong phap mixD-SAEM. Cac dang
PDF dugc phan cum twong ddi tot, mac du ciing con
mot phan khong nhidu chong 1an cia cac cum voi
nhau. Mat khac, thé hién qua cac chi s6 danh gia
Shihouette va Davies-Bouldin ¢ Bang 1, cu thé
phwong phap mixD-SAEM véi 4 cum c6 ty 1¢ chi sd
Shihouette dwong cao nht (80,89%) véi mirc trung
binh ciing & mtc cao nhét (0,2625), ddng thoi chi s6
Davies-Bouldin c6 gia tri dat dugc & muc théip nhét
(2,6206), nén c6 thé két luan (theo nguyén tic da néu
& cubi myc 4.3) ring chat lwong phan cum theo
mixD-SAEM vé&i K = 4 cum t6t hon nhiéu so céac
phuong phap k-means, clustergram (va ca véi
truong hop ap dung cung phuong phap nay theo K
= 7 cum). Piéu nay thé hién rang phuong phap
mixD-SAEM c6 thé duogc 4p dung tdt hon véi dang
dir liéu phén loai c6 déc tinh va chét luong phan biét
khac biét vé dang phan ph01 Qua day ciling chi ra
rang can ¢6 cach xac dinh s6 cum phu hop trong viée
phat trién va ap dung phuong phap mixD-SAEM.

Cum 1 (5 ngay, ~2%) Cum 2 (11 ngay, ~5%)

PDF [(k)
PDF f(k)
o

Cum 4 (28 ngay, ~11%)

08 1

0.6
ke

0 0,2 04

Hinh 6. Két qua phin cum theo cic phwong
phap mixD-SAEM trén b§ dir liéu véi so quan
sat trong ngay lén

5.3. Dir liéu 6 sb quan sit trong ngay nhé
5.3.1. Gioi thiéu dir liéu
) Dang dir li€u thir hai sir dung thyc nghiém dugc
lay tir Visual Crossing (2026) 1a cac gié tri birc xa mat
troi do duogc tai hai tram khi tugng thugc Pong bang
song Ctu Long - Yiét Nam. Mot tram dat tai Cang
hang khong Quéc t€ Can Tho (10.0851° B,
105.7120° B) thude thanh pho Can Tho, va mdt tram
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dat tai phuong Rach Gia (10.0033° B, 105.0459° b)
thugc tinh An Giang. Pham vi dit liéu duogc 1y tir
ngay 01/01/2020 dén ngay 31/12/2025, mdi ngay
liy dir liéu hang gio trong khung thoi gian 9:00 —
17:00, trong img mot mau dir liéu gdém 19.728 quan
sat v&i 9 quan sat mdi ngdy & mdi bo dir lidu.

1400

1200

1000 |
~
£

800

600 -

—o—H,: Birc xa ngoai khi quyén

4008~

- u -G, 1 Burc xa thyc té do duoc

200
12 13

Gior

14

' [k, =0,6269 1
Lo 0,7640]
0.8 06691 06954 06828 ..,
= 0604951 0.5657 05720 05765 J |
o~ 060

041
02r

13 14 15 16 17
Gio

I9 1‘0 1‘1 1‘2
Hinh 7. Birc xa ngoai khi quyén, birc xa do dwoc
(do thi trén) va day cac chi so sang tinh dwoc &
mot ngay tai tram do Can Tho (do thi dwdi)

O mdi bd dit liéu do duge & 2 tram, tir dit liéu
bure xa mat troi ghi luu hang gio Gy, trong khung thoi
gian 9:00 — 17:00 v6i 9 quan sat moi ngay (day cac
diém quan sat & duong dut khiuc mau do thude phin
dd thi trén trong minh hoa & Hinh 7), cung vdi cac
gia trj buc xa ngoai khi quyén Hp, dugc tinh tir cac
phuong trinh thién van (day cac diém gia tri 6 duong
lién mau xanh phan d6 thi trén cua Hlnh 7) tinh

(day 9

diém gia tri & d6 thi dudi trong Hinh 7). Sau do viée
ude luong PDF cho tung day chi so sang cua moi
ngay dugc tién hanh theo phuong phap ham hat
nhan roi 1ap cac histogram twong tng tir cac PDF
nay voi I = 20 khoang chia déu nhau trén doan [0;1].
Ttr do6, két qué nhan duoc hai b dir li¢u histogram
tuong tmg v6i hai tram khi twong Can Tho va Rach
Gia véi kich thude n = 2.192 histogram mdi bo.

dugc day cac chi s6 sang hang gio K,

Két qua ap dung phan cum cho timg bo dir liéu
& hai tram Can Tho va Rach Gia lan luot dugc trinh
bay tiép theo dudi day; trong d6, cac phuong phap
k-means, clustergram dugc ap dung trén ma tran dit
liéu cac chi s6 sang kich thudc 2.192x9, con
phuong phap mixD-SAEM duogc ap dung trén day n
= 2.192 histogram 1ap duogc nhu trén.
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5.3.2. Ké:t qua phdn cum trén bo dir liéu ¢ tram
Can Tho

Phuong phap thong ké Gap dugc sir dung trén bo
dit liéu ¢ tram Can Tho. Két qua xac dinh duoc sb
cum t6i uu 1a K = 4 (Hinh 8).

Tim sé: chim téi wu theo théng k.é GAP

T

1.5

Gia tri théng ké GAP

o
o

4.5 5 55 ]

0 L L L

L L
1 1.5 2 2.5 3 3.5 4

S6 chiim
Hinh 8. Xic dinh s6 cum t6i wu véi b dir lidu &
tram Can Tho

Bing 2. Panh gia két qua phin cum ngay birc xa
mat troi trén dir li€u c6 s0 quan sat trong
ngay nhé do duge é tram Can Tho
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800 budc lap voi sy 6n dinh hoi tu dwoc thé hién &
Hinh 10.

Cum 1 (277 ngay, ~13%) Cum 2 (771 ngay, ~35%)

PDF [ (k)
PDF [ (k)

Cum 4 (519 ngay, ~24%)

PDF f (k)
PDE [ (k)

0o 02 04 08 08 1
ki

Hinh 9. Két qua phin cum theo cac phwong
phap mixD-SAEM trén b dir liéu tram Can
Tho

Wée lwgng cac trong sé py Bién déng max{|Apy|}
09-

—p
08f —p:2
P
07} | —ps
S6 14 1ap bat dAu én dinh hai 1y

0,001

max{|Apy[}

0,0001

Chi s6 Silhouette Chi s6
Phwong A .
ha Ty 1€ Trung Davies-
PP quwong (%)  binh ___ Bouldin
k-means 91,06 0,3554 1,4175
clustergram 89,01 0,4040 0,8699
mixD-SAEM 77,87 0,2975 0,6777

Cac phuong phap phan cum k-means, mixD-
SAEM (v6i K =4 cum) va phuong phap clustergram
dugc ap dung trén bo dit liéu nay. Két qua danh gia
hiéu qua theo cac chi s6 Shihouette va Davies-
Bouldin dugc trinh bay ¢ Bang 2. Theo d6, phuong
phap k-means c6 ty 1¢& phan cum tot (chi sd
Silhouette dwong) 1a cao nhat, con phuong phap
clustergram thi lai c6 trung binh chi sd Silhouette
cao nhat, chimg to phuong phap nay mic du c6 thé
¢6 phan phan cum khong tét nhung chéc chan kém
theo s& 6 ty 18 ving phan cum rét tot. Con dbi voi
chi s6 Davies-Bouldin thi phuong phap mixD-
SAEM dugc danh gia 1a tot nhat (chi sé Davies-
Bouldin thép nhét); bén canh dé, cac thong tin vé chi
s6 Silhouette danh gia phwong phap nay ciing khong
qué thap so véi cac gid tri tuong g ciia hai phuong
phap ddi sanh, dic biét 1a voi gia tri trung binh
Silhouette.

Két qua phan cum (Hinh 9) nhan duoc tir phuong
phap mixD-SAEM nh¢ vao thuat toan SAEM sau

0
0 200 400 600
S6 lan 14p cla thuat toan SAEM

800

1e-05

1e-08

0 200

03
0.2 i

400 600 800

Sé I4n 1ap chia thuat toan SAEM

Hinh 10. Qua trinh bién thién dén bién thién

wéc lwgng cac trong so qua thuit toin SAEM
voi dir liéu é tram Can The

5.3.3. Két qud phan cum trén bg dir liéu o tram

Rach Gia

Bing 3. Panh gia két qua phin cum ngay birc xa
mit troi trén dir liéu c6 so quan sat trong
ngay nhé do dwgc 6 tram Rach Gia

Chi so Silhouette Chi sb
Phuwong PP .
hép Ty 1€ Trung Davies-
P duwong (%) binh  Bouldin
k-means 95,48 0,5070 1,1584
clustergram 90,65 0,5357 1,0126
mixD-SAEM 76,64 0,2986 1,0115
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Biéu d6 phan tich cum thir bac

Khoang céch cac bac

Hinh 11. Biéu d6 phan cum thu’ béc v6i bg dir
liéu ¢ tram Rach Gia

Cum 1 (885 ngay, ~31%) Cum 2 (382 ngay, ~17%)

PDF f(k)

Cum 3 (1125 ngay, ~51%)

PDF f (k)

086 X 1

Hinh 12. Két qua phan cum theo cic phwong
phap k-means trén b dir liéu tram Rach Gia

Cum 1 (1365 ngay, ~62%) Cum 2 (711 ngay, ~33%)

PDF [(k,)

Hinh 13. Két qua phin cum theo céc phuwong
phap clustergram trén bg dir liéu tram Rach Gia
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Phuong phép théng ké Gap dugc ap dung trén
b6 dit liéu nay nhan duoc chi dinh sé cum t6i wu la
K = 3. Két hop v6i quan sat biéu db cay phan cum
thtr bac & Hinh 11, cac phuong phap k-mean va
mixD-SAEM dugc ap dung thuc nghiém véi s6 cum
nay. Cac két qua phan cum cua cac phuong phap
dugc thé hién ¢ Hinh 12 (k-means), Hinh 13
(clustergram) va Hinh 14 (mixD-SAEM). Céc chi sb
Silhouette va Davies-Bouldin danh gid hi¢u qua
phéan cum dugc trinh bay & Bang 3. Viéc so sanh cho
thdy cac chi s6 6 Bang 2 va Bang 3 1a tuong tu nhau,
diéu nay cho thay su 6n dinh trong thuc nghiém céc
phuong phap va su tin cdy trong cac nhén dinh duc
két duoc ¢ phan két luan dudi day.

Cum 2 (129 ngay, ~6%)

Cum 1 (845 ngay, ~39%)

PDF f(k)

PDF f(k,)

[ =
0 02

Hinh 14. Két qua phin cum theo céc phuwong
phap mixD-SAEM trén b dir liéu tram
Rach Gia

6. KET LUAN

Két qua nghién ctru nay di khao sat kha nang ap
dung mo hinh phan phdi hdn hop Dirichlet két hop
v6i thuat toan xap xi ngau nhién cyc dai hoa ky vong
mixD-SAEM trong bai toan phén loai cdc dang ngdy
bic xa mit troi. Piém khac biét cua cach t1ep can
nay la khai thac truc tiép ddc diém phan ph01 xac
suét cua dit liéu thong qua cac histogram chi s6 sang,
thay vi dua chu yéu vao khoang cach hinh hoc gitia
cic dbi twong nhu cac phuong phap phan cum
truyén thong. Dé danh gia hiéu qua ciia phuong
phap, cac két qua nhan duoc tir mixD-SAEM da dugc
so sanh v6i hai phuong phap phan cum phé bién 1a
k-means va phan cum thur bac.

Céac thyc nghiém dugc tién hanh trén hai nhém
dir liéu c6 dic tinh khac nhau. Nhom thir nhit 1a bo
dir liéu birc xa mat troi dugc s dung trong nghién
clru cia Soubdhan et al. (2009); trong do, s6 luong
quan sat thu dugc trong mdi ngay rat 16n nén cac
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histogram chi s sang phan anh kha ddy du dic diém
phan phdi cta dit liéu. Nhém thir hai 1a cac bo dir
liéu blrc xa mat troi ghi nhan tai hai tram khi tugng
& Pong bang séng Ciru Long, noi chi ¢o 9 quan st
mdi ngay. Di voi truong hop nay, cac histogram
dugc xay dyng tir cac ham mét do xac sudt ude
lugng bang phuong phap ham hat nhan nham khéc
phuc han ché vé s6 luong dit liéu quan sat.

Két qua thyc nghiém trén b dit li€u cod $6 lwong
quan sat 16n cho thay phuong phap mixD-SAEM dat
hi€u qua phan cum vuot trdi so v&i k-means va phan
cum thtr bac. Céac chi sb danh gia Silhouette va
Davies—Bouldin déu cho théy cac cum nhén duoc tir
mixD-SAEM c6 mirc 40 déng nhét ndi cum cao hon
va kha nang tach biét giira cac cum tdt hon. Dic biét,
v6i s6 cum K = 4 nhu d& xuét trong nghién ctru gdc
ciia Soubdhan et al. (2009), phuong phap mixD-
SAEM cho két qua phan loai rd rang va on dinh hon
dang ké so v6i cac phuong phap ddi sanh.

i véi cac bd dit liéu do dugce tai Can Tho va
Rach Gia, mic du s luong quan sat trong mdi ngay
rat han ché nhung két qua thuc nghiém cho thiy
phuong phap mixD-SAEM van c6 khi ning nhan
dang dugc cac dang ngay buc xa mat troi khac nhau
thong qua cac histogram dugc xay dung tir cac ham
mat d6 xac suat wdc lugng. Cac chi sb danh gia cho
thdy hiéu qua cua mixD-SAEM nhin chung twong
duong v6i cac phuong phap phan cum truyén thong.
Trong mot sb truong hop, phuong phap nay dat gia
tri Davies—Bouldin t6t nhat, phan 4anh kha nang tao
ra cac cum c6 tinh phan tach cao. Diéu nay cho thay
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viéc mé hinh héa dir liéu dudi dang phan phdi xac
sudt vin mang lai nhitng loi thé nhat dinh ngay ca
khi sb luong quan sat ban dau khong 16n.

Mot két qua dang chu y khac 1a sé lwong cum tdi
vu duge xac dinh boi théng ké Gap khong phai luc
nao ciing twong ung voi cht lugng phan cum tot
nhat d6i v6i mé hinh hén hop Dirichlet. Két qua
quan sat nay cho thdy viéc lya chon s6 cum ddi véi
phuong phép mixD-SAEM can dugc nghién ctu
riéng, c6 thé dya trén cac tiéu chuan thong tin hodc
cac thudc do danh gia phu hop hon véi dit li¢u dang
phan phdi.

Céc két qua thu dugc cho thay phuong phap
mixD-SAEM 1a mét cong cu hiéu qua trong phén loai
cac dang ngay burc xa mat troi, dac biét ddi véi céac
bai todn ma dic trung quan trong nam & hinh dang
phan phdi cua dit liéu. Nghién ctru ciing cho thiy
tiém nang 4p dung phuong phap nay trong cac bai
toan phan tich va du bao nang luong mét troi tai Viét
Nam. Trong cac nghién ctru tiép theo, viéc phat trién
céc tiéu chi lua chon sé cum phu hop hon cho mo
hinh hdn hop Dirichlet, két hop v6i cac mé hinh
chuyén trang thai nhu chudi Markov hodc mé hinh
Markov an dé mé ta dong luc chuyén doi giira cac
dang ngay buc xa, la nhitng hudng nghién ctru cd
nhiéu trién vong.
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