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Tom tit: Loc dit liéu trong md hinh tich hop
nhan dang dbi trong bang song vo tuyén (RFID) véi
mang cam bién (SN) 1a mot van d& thoi su dang thu
hat nhidu sy quan tAm ctia cac nha nghién ctru trén thé
giéi. Mot trong nhirng hudng tiép can vé loc dir lidu
hiéu qua nang lugng la dua trén phan cum trong do
cac diém loc dit lidu chi duoc thuc hién boi cac nut
chu cum. Tuy nhién, da sb cac dé xuét déu xem xét
trong moi truong ma & d6 cac dau doc dugc gia sir 1a
khong di chuyén va vai tro chi cum 1a ¢b dinh tai mot
nut. Pidu nay 1am cho cac chu cum tiéu t6n qua nhidu
ning lugng, ma két ‘qua la thoi gian song cla chiung
giam nhanh. Bai viét nay s& dé xuit mot cai tién vé
phan cum dong ddi véi cac dau doc RFID trong dé
viéc phan cum dugc thuc hién lai mét cach dinh ky va
vai tro chd cum dugc thay ddi mot cach linh hoat gitta
cac nut sao cho nang lugng dugc tiéu thu dugce chia sé
hop 1y giita ching va do d6 1am ting thoi gian séng
ctia toan hé théng.

Tir khéa: Tich hop RFID véi SN, loc dir ligu, hiéu
qua nang luong, phan cum dong.

I. GIOITHIEU

Tich hop cong ngh¢ nhan dang dbi tugng theo tan
s6 vo tuyen (Radio Frequency Identification - RFID)
[1] voi mang cam bién (Sensor Networks - SN) [2]
dang 14 mot xu thé hién nay boi né c6 mot pham vi
ung dung rong rai va da dang ma ¢ do nhlmg vu diém
cua ca hai cong ngh¢ duoc khai thac va sir dung. Mo
hinh tich hop nay da tao ra mot co sé ha tang tuyét voi
dé xur ly va phan phéi dit li¢u trong moi truong dong,
duoc phan cap. Tuy nhién, md hinh tich hop ciing doi
mit vai nhiéu thach thie trong d6 viéc lam giam dir
liéu du thira la hét suc phtc tap vi n6 con di kem véi
cac yéu t6 nhu do tré truyén thong, ning lugng tiéu thy
va lang phi céc loai tai nguyén khéc.

_ V& co ban, mang cam bién 1a mot md hinh mang
gom nhiéu nit sink hay con dugc goi la tram co so
(base station) va nhiéu niit cam bién c6 kich thuéc bé,
trong lugng nho. Cac ndt cam bién c6 thé cam nhan
diéu kién moéi truong nhu: nhiét do, do am, ap suat,
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anh sang, am thanh hay cac rung déng ... ma phu hop
cho viéc thu thap thdng tin [3]. Cac nat cam bién con
c6 khé nang tinh todn va cho phép xur ly cac thong tin
thu thap dugc. Thong tin nay sau d6 dugc Chuyen dén
c4c tram co s6. Mang cam bién cung cép co ché giam
sat chi phi hiéu qua cho cac ung dung quan trong, bao
gom cac ng dung gidm sat bién gioi, hai do, diéu
khién hoat dong trong cac nha may cong nghi¢p, giam
sat méi trudng, quan su va ca cac (tng dung vé y té, du
lich.

Véi c()ng nghé RFID, nd cho phép phat hién va
nhan dién cac doi tuong trong mot moi truong. Mot hé
thong RFID bao gom cac thiét bi (reader) doc dit li¢u
tir cac thé (tag) nhu Hinh 1. Mot the bao gom mat chip
va mot ang ten dugc gan trén mot dbi twgng muc tiéu
can doc. Thong tin thu thap duoc bang cach céc thiét
bi doc queét qua cac the va sau do truyén thong tin doc
duoc dén server ¢ tram co s¢. Cac ng dung cua RFID
da duoc phét trién kha nhiéu trong thoi gian gan day
nhu trong quan ly chudi cung tmg, thu phi dwong cao
téc, quan ly giao thong, phét trién nha théng minh..
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Hinh 1. M6 hinh phi séng chéng lap cta cac dau doc
RFID déi véi cac thé

Cong ngh¢ RFID da duoc chdp nhan trong nhiéu
g dung cong nghi¢p, trong khi mang cam bicn c6
thé phét hién thong tin trong cac diéu Kién moi truorng
khic nghiét. Tuy nhién, ciing c6 nhiéu wng dung ma
thong tin thu thap tir moi truong 1a khdng du dé xir Iy;
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do do6 vi¢c xac dinh thém thong tin nhu vi tri cia doi
tugng la hét strc can thiét [3]. Viéc sir dung mang cam
blen cho cac ung dung vé moi truong, quan ly cac
diém danh lam thing canh... dang 13 mot xu thé cua
du lich thong minh. Trong truong hop nay md hinh
tich hop RFID va&i mang cam bién la giai phap toi uu,
trong d6 chiing vira bo sung, hd trg cho nhau [4].

Tuy nhién, md hinh tich hop ciing d6i mat véi
nhiéu thach thic khac nhau nhu: xac dinh hiéu suat
thoi gian thuc, hi¢u qua nang lugng, loc dir ligu du
thira, chéng va cham (anti-collision) va hi¢u qua xac
thuc [5]. Trong s6 cac thach thuc trén thi van dé loc dir
licu dé vira lam sach dir liéu va vira hiéu qua ning
luong 12 mot van dé quan trong nham sir dung hiéu
qua c&c nguon tai nguyén mang, giam tiéu thu nang
lugng [5]. Trong mot hé thong RFID, thiét bi doc
thuong xuyén kiem tra cac the nhieu lan dé tang toc do
doc. Piéu nay da tao ra nhiéu ban sao vé mot doi
tugng duy nhat, ma dan dén thira dir liéu tai cac dau
doc cung doc mot thé. Nhu duoc chi ra trong Hinh 1,
van dé trang lap dir liéu s& xuat hién 6 céc dau doc R,,
R; va Ry vi cung doc thé T3. Thuc té viéc du thua dit
licu do 2 nguyén nhan chinh: (1) mét thé dugc bao phu
boi nhiéu dau doc (nhu thé T3) va (2) dau doc doc the
nhiéu 1an nén tao ra nhiéu céc ban sao khong can thiét.
Viéc loai bo cac du thira ndy 1a can thiét vi n6 khong
dem lai bt ky mot thong tin hiru ich nao.

Vigc loai bo du thira gop phan sir dung hiéu qua
cac nguon tai nguyén hon. Qué trinh loc va loai bo cac
thong tin du thira, dwoc goi 1a 1a qua trinh lam sach dix
liéu (data cleaning). Cu thé, loai bo dir liéu du thira la
mot qué trinh thay thé, sira ddi hodc x6a nhiing phan
khong lién quan, khong chinh xac hoac khdng chinh
xac mot phan. Hau hét cac van dé loai bo dir liéu du
thira déu tap trung vao phuong phap phan cum. Viéc
phan cum s& han ché cac diém loc, do chi ¢6 nat chu
cum moi chiu trach nhiém loc; do do tiét kiém dugc
nang lugng trong qua trinh loc. Tuy nhién do nut chu
cum loc dir ligu nén n6 s phai tieu tén nang lugng 1n
hon; két qua Ia c6 thoi gian sdng it hon. Hon nita, viéc
phan cum chua dugc xem xét trong moi trudng ma cac
nit di chuyén ty do. Bai bdo nay s& dé xuat mét gidi
phap phan cum dong céc dau doc RFID nham nang
cao hiéu qua vé nang lugng doi vai viéc loc dir ligu va
do d6 tang thoi gian song cua toan hé thong.

Céc phan tiép theo ciia bai béo duoc to chirc nhu
sau: Phan 2 tém lugc va phan tich cac cong trinh
nghién ctru lién quan. Trén co so cac danh gia, Phan 3
trinh bay m6 hinh loc dir li¢u hi¢u qua ning lugng
dugc d& xuat. Cai dat mo phong va phan tich két qua
s& dugc mo ta & Phan 4. Cudi cung két luan ¢ Phan 5.

ll. CAC PE XUAT VE LAM SACH D LIEU

Loc dir liéu 1a mot van dé quan trong trong mang
cam bién khdng day tich hop voi RFID. Cac ung dung
dya trén md hinh tich hop nay thuong chi quan tam
dén mot ban dit liéu duy nhat, nhung viéc tring ldp dix
liéu trong khi doc da tao ra nhiéu cac ban sao khéng
mong mudn.

Wonil va cong su trong [6] di d& xuat ky thuat
INPFM (In-Network Phased Filtering Mechanism)
trong d6 dir ligu chi duoc loc ¢ nut thir k vi ho cho
rang loc dir lidu tai tat ca cac nat s& gay cham tré trén
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toan h¢ thong. Céch tiép can nay dugc the hién dudi
dang cdu trdc cdy theo nguyén tic dinh tuyén da chang
(multi-hops), trong d6 cac nat cha s&€ dong vai tro nut
loc trong khi cac nat con phat hién sy trang lap di
ligu. Nhu duoc chi ra trong Hinh 2, nit A va M‘cUng
doc dir liéu & viing chong Iap ‘X" va sau d6 truyén dix
liéu dén tram co s qua nhiéu chang. Trong [6], viéc
loc dit liéu dugc dé xuit & khoang cach k chang (trong
Hinh 2 thi k = 3) va x duoc truyén theo 2 hanh trinh
dugc dinh tuyén khac nhau dé dén nat D. Nut D lac
nay dong vai tro nut loc dir liéu va sé& loai bo bt mot
ban sao trudc khi chiing duoc giri dén tram co so.

: DPwimg dinh lu}'én

: Vimng doc f—
+(): Niitcim bién R
x : Thé RFID

p. A

¢ Dwimg dinh tu)'én (goi tin roi & nat D

Hinh 2. Loc di liéu theo phwong phap INPFM [6]

Trong [7], Kim va cong su da dé xuat phuong phap
CLIF (Cluster-based In-network phase Filtering
scheme) dya trén phan cum va viéc loc dir liéu duoc
xay ra tai nat chu cum (Cluster Head). Cu thé, cac nit
gan nhau dugc gom thanh mot cum va mot nit duogc
chon dé dong vai trd chi cym. NGt chu cum s& chiu
trach nhiém loc dir liéu cho cum. Nhu dugc chi ra
trong Hinh 3, ¢6 2 cum A va B. Dit ligu thugc cum A
s€ dugc loc bgi nGt chu cum A, nhung dir liu nam
trong ving chdng l1an cia 2 cum A va B s& duoc loc
béi mét nat cha cum trung gian. NGt chi cum nay s&
phét hién su trung l4p dit lidu (tic 1a nhan dugc tir 2
ban sao trg 1€n).

Com A

¢ T 3
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+ Ving doc dir igu

Hinh 3. Loc d liéu theo phwong phap CLIF [7]

Bashir va cong su trong [8] da dé xuit so d EIFS
(Energy efficient In-network RFID data Filtering
Scheme), trong d6 trung lap dir liéu ciing duoc chia

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 18



thanh hai loai 12 noi cum va lién cum. Viéc loc ddi voéi
hai loai nay cling dugc thuc hién tach biét twong tu
nhu trong CLIF. Tuy nhién, sau khi nhin duoc dit liéu,
cha cum s& xac dinh loai tring l3p dua trén gia tri
truorng f dwoc luu trong cAu trac cua goi dit lisu. Néu
gid tri cua truong f 1a 1, ndt guri duge xac dinh 1a nat
noi cum va chia cum s€ thuc hién viéc loc dir liéu. Sau
khi viéc loc dir liéu da thyc hién xong, gia tri truong f
dugc thiét Iap bang 0. Nhu vay, chi cum s& khong loc
cac goi tin ¢6 f= 0 va do d6 lam giam déng ké chi phi
tinh toan. Sau budc loc dix liéu ndi cum, cac cha cum
gui dit liéu cia ching vé phia tram co s¢. Trong
truong hop loc dir ligu lién cym, EIFS dau tién s& tim
va phét hién dir liéu trung Iép lién cum. Néu cd di lieu
trung lap duoc phat hi¢n, cac chi cum trung glan sé
giri mot théng tin phan hdi dé thong bao cho cac chu
cum noi sinh ra céc géi dir ligu trung 13p tranh viéc
truyén géi khdng can thiét.

Bashir va cong su trong [9] tiép tuc m& rong EIFS
thanh giai thuat c6 tén goi la IRDF (In-network RFID
Duplicate data Filtering), trong d6 viéc loc noi cum
duoc tién hanh véi phuong phap EIFS, nhung viéc loc
ngoai cum duoc tién hanh tai nhirng cum 1an can, thay
Vi tai nGt chi cum trung gian nhu trong EIFS. Mot
khac biét khac cua IRDF la loai bo co ché phan hoi
thong tin vi n6 cho ring viéc 1am nay lam gia ting do
tré cua qua trinh truyén di liéu.

Tom lai, cac phuong phép néu trén da loai bé dugc
da sb dir liéu du thira truac khi duoc truyén dén tram
co sd. Tuy nhién Van ton tai 4 van dé sau: (1) nat cha
cum phai chiu hao t6n ning luong dang ke vi loc dir
liéu; (2) néu nat chu cum khong nam trén tuyen duong
dugc dinh tuyén dén tram co s¢, cac nat co dir ligu
trang lap phai chuyén huéng dén nut nay; diéu nay
lam tang d¢ dai hanh trinh va dan dén cham tré trong
viéc loc dir liéu; (3) khi dit liéu dén nat chu cum 16n,
no c6 kha ning roi vao tinh trang qua tai; (4) cic dau
doc va thé duoc gia thiét 1a ¢6 dinh, truong hop ching
di chuyén chwa duoc xem xét dén. Dé xuét sau day
ctia chung toi s& giai quyét 4 vin dé nay.

l1l. MO HINH LOC DI LIEU HIEU QUA NANG
LUQNG

A. Gidi thiéu md hinh

Trong mé hinh dugc d& xuét cua ching tdi, viéc
trung Idp dit li¢u ciing duoc chia thanh 2 loai: ndi cum
va lién cum. Viéc loc d6i vai hai loai nay ciing dugc
thuc hién tach biét nhu trong IRDF. Tuy nhién, ching
t6i xem xét trudng hop cac dau doc va céac thé di
chuyén. Do d6, viéc phan cum céc dau doc dugc thuc
hién mot cach dong, ma chi tiét vé thuat toan phan
cum nay s& trinh bay trong Muc I11.B. Khi tién hanh
phan cum, nat chu cum duoc xac dinh mét cach dong,
nghia n6 s& dugc thay doi luan phién theo 2 tiéu chi:
(1) néng lugng hi¢n tai va (2) xem xét trén hanh trinh
dén tram co so. Viéc thay di nGt chu cum nhu vay s&
gilp cho cac bd doc chia sé nang luong bi tiéu hao.
Hon nita, viéc uwu tién chon nt chi cum nam trén
hanh trinh dén tram co s& s& gilp rat ngan hanh trinh
truyén tai dir liéu. Chi tiét coa giai thuat xac dinh nat
chii cum linh dong nay sé dugc trinh bay trong Muc
111.C. Mé hinh loc dit liéu cai tién cua ching ti co tén
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goi la DCDF (Dynamic Clustering-based in-network
Data Filtering) va duoc trinh bay trong Muc I11.D.

B. Phuong phdp phin cum cdc dau doc di chuyén

Giai thuat phan cum duoc chung toi dé xuat cé tén
goi la CMR (Clustering Moving Readers) dya trén y
tuong nhu sau. Bude 1, cac dau doc duoc phan cum
bang phuong phap K-mean [10]; mét danh sach cac
dau doc di chuyén duogc luu lai sau tung khoang thoi
gian (tuong tu nhu vin dé doc dir lieu cua dau doc).
Budc 2, khoang cach tir mdi dau doc di chuyén dén
cac tam cum duoc tinh toan; mot dau doc s& duoc
phan vao mot cum mai néu 'khoang céch tir n6 dén tam
cum moi 1a bé nhat. Cy thé, 2 budc ctia phuong phap
CMR la nhu sau:

Bude 1: Xac dinh danh sach cac dau doc di chuyén

Vé&i mdi dau doc, toa do cua nd dugc duy tri boi
mot vector Ri(x;,y;), i = 1..N trong d6 N la so lugng cac
dau doc. Véi mot mang cam bicn duoc trién khai, vi
trf cua cac dau doc 1a duge xéac dinh mot cach dé dang.
Dua trén céc toa do nay, cac dau doc dugc phan cum
dua trén giai thuat K-mean. Mai khi co thay doi vi tri
(xi,y;) sau ting khoang thoi gian cb dinh, dau doc R;
dugc dua vao mot danh sach can phan cum lai (nhu
dugc mo ta tir dong 4 dén 10 trong giai thuat CMR).

Buée 2: Phan bé dau doc di chuyen vao cym mdi

Vé6i mdi dau doc R; nam trong danh sach can phan
cum lai, khoang cach Euclidien tir n6 dén cac tam cum
dugc tinh toéan lai. Bat D(I,j) la kh0ang cach tur R; dén
tdm cum j. R; duoc phén vao cum j neu D(i,j) 1a bé
nhét (nhu dugc mod ta tr dong 13 dén 25 trong giai
thuat CMR). Luu y rang tdm cum j thay d6i mét cach
déng va giai thuat xac dinh tdm cum dong duoc mo ta
trong Muc I11.C.

Sau day la mé ta chi tiét cua giai thuat CMR:

Giai thut CMR (Clustering Moving Readers)
Input:
- danh sach cac d4u doc dd phan cum C ={Cj| j=1..K}, C;
= {R;| i=1..m} va 0<m<N, v&i N 1 s6 luong ddu doc;
- tam cum cgj, j = 1.K. (a“wac xdc dinh ¢ gidi thudt CCR)
Output:
- danh sach cac cum sau khi phan cym lai Cj, j = 1..K;
Process:
1 i«1;
2 r<«Q0;
3 list_change «— @; // danh séch cac du doc di chuyén
4 while (i <N) do
/1 khi R c6 sur thay dbi vi tri x; hodc y;
if (change(x;) or change(y;)) then
// bb sung R; vao danh sach dau doc di chuyén
6 list_change < R;;
7 r++; //s6 luong diu doc trong danh séch
8 end if
9 i++;

(&)

10 end while

11 t«1;

12 j<« 1,

13 while (t<r) do
14 min < 0O;
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15 temp «— oo ;

16 while (j <K) do

17 if (euclidien(Ry, cc;) < temp) then

18 temp « euclidien(R;, cc;); )
// Tuu vi tri tdm cum c6 khoang cach bé nhat

19 min <« j;

20 end if

21 j+

22 end while )
// phan bo R; vao cum c6 khoang cach bé nhat

23 Chnin < Ry

24 t++;

25 end while

Do phuc tap cua giai thuat la O(rxK) véi r la s6
lugng cac dau doc di chuyén va K sé cum trong hé
thong.

C. Phurong phdp xdc dinh lai tdm cum

Viéc xac dinh tdm cum la quan trong vi nd phai
chiu trach nhi¢m loc dit ligu. Phuong phap xac dinh lai
thm cum ma chung t6i dé xuat, co tén goi la CCR
(Cluster Center Recomputing), dua trén 2 tiéu chi: (1)
nang luong hién tai cua ndt trong cum; (2) nam trén
hanh trinh dinh tuyén dén tram co s6. Qué trinh xéac
dinh lai tdm cum duoc chia thanh 2 budc:

Budc 1: Xdc dinh danh sdach cde dau doc tiém
nang

Néng luong hién tai cua cac dau doc trong maot
cum dugce so sanh dé xac dinh mot danh sach cac dau
doc tiém nang lam chu cum (ter dong 12 den dong 18
trong giai thuat CCR). Danh sach ndy gém cac dau
doc c6 muc ning lugng cao nhit va co do léch khong
vuot qua mét gia tri AE dugc xac dinh trudc. AE dugc
gol la khoang chénh Igch ning luong tiém ning gura
céc nut; n6 can du nho dé khong gay chénh léch qué
I6n gitra cAc mirc nang lwgng trong danh séch.

Buée 2: Xac dinh lai tdm cum

Céc déu doc tiém nang trong danh sach duoc xem
xet vé kha nang dinh tuyen dén tram co so, trong d6
dau doc duogc chon 13 dau doc di qua it nut trung gian
nhat dé dén tram co s (nhu dugc mo ta tir dong 22
dén dong 29 trong giai thuat CCR).

Giai thuat xac dinh lai tam cym CCR dugc mo ta
chi tiét nhu sau:

Giai thudt CCR (Cluster Center Recomputing)
Input: .
- danh sach céc dau doc trong mot cum Ry(X;, yi), i = 1..n;
- nang lugng cac dau doc E;, i = 1..n;
- d6 1éch nang luong AE.
Output:
- tam cum CC.
Process:
1 i«
2 list_energy « &;
3 max_energy < <,
4 while (i<n)do
5 if (E; > max_energy) then )
// xac dinh mirc nang lugng cao nhat trong cum
6 max_energy < E;;
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7 end if
8 i++;
9 end while
10 i« 1;
11 t<«0;
12 while (i< n) do .

// kiém tra mirc nang lugng cua cac dau doc

13 if (Ei > max_energy - 4E) then
/I DS cac dau doc c6 kha nang 1am cha cum
14 list_energy « R;;

// sb luong d4u doc ¢ kha nang lam chu cum

15 t++;
16 end if
17 i++;
18 end while
19 min < oo;
20 i<« 1,
21 temp « O;
22 while (i <t) dor

// so sanh so nut trung gian cua cac nut c6 kha nang

lam chu cum, trong do count(R ) s6 nut trung gian
dé dén dugc tram co s6 cua déu doc R;

23 if (count(R;) < min) then
24 temp « R;;

25 min <« count(R;);
26 end if

27 i++;

28 end while

29 cc « temp; // xac dinh tdm cum

Do phirc tap cua giai thuat CCR 1a O(n) véi n 12 sb
cac dau doc trong mot cum.

D. M® hinh loc diz liu hiéu qud nang hrong

Dau tién chung toi st dung phuong phap phan cum
K-mean (tir dong 2 dén 6 trong glal thuat DCDF) dé
phan bo cac dau doc tuong ung vao tirng c&c cum. Sau
tung khoang thoi gian co dinh chung toi str dung giai
thuat CCR dong 8 dé xac dinh lai cac tam cum va st
dung glal thuat CMR dong 9 dé phan cac dau doc di
chuyén vao cac cum moi.

Giai thuat DCDF duoc m6 ta chi tiét nhu sau:

Giai thuidt DCDF (Dynamic Clustering-based in-network
Data Filtering)
Input:
- danh sach cac du doc Ri(x;, y;), i = 1..N
- $6 cum K; khoang thoi gian xac dinh tdm cum t; thoi
gian két thuc md phong teng;
- ning luong cic ddu doc Ej, i = 1..N;
- d6 léch nang luong AE.
Output:
- nang luong trung binh ctia cac nit chi cum HE
Process:
1 HE<«O;
2 Khdi tao K cum {cc;; j = 1..K};
// néu c6 sy thay ddi gia tri tm
3 while (change(cc;)
/I C; tap cac dau doc trong cum j, j*#j va j*=1..K
4 Ci < {Ri| euclidien(R;, cc;) < euclidien(R;, ccix)};
// x4c dinh lai tim cum theo K-mean va
average(R;) gia tri trung binh ciia cac dau doc
5 trong cum j, tim cum 14 nut gan v6i gia tri trung
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binh nhat.
cc; < average(R; | R; € Cy);
end while
while (t < teng)
call(CCR);// goi giai thuat CCR
call(CMR);// goi giai thuat CMR
0 end while
// xac dinh nang lugng trung binh cta cac tam cum
11 HE « average(cc;);

E. Vidu minh hoa

Vi viéc xac dinh chi cum moét cach déng, phuong
phiap DCDF dam bdo thich tng duoc véi nhung di
chuyén ngau nhién cua cac dau doc, gilp viéc chon
cha cum hop Iy va can bing ning luong tiéu thu cua
cac dau doc trong mang. Hon nita, phuong phap
DCDF ciing gitp viéc truyén dir liéu nhanh hon vi
tuyén duong duoc chon di qua it nit trung gian nhét.
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Hinh 4. M6t vi du vé phan cum lai khi céc dau doc di
chuyén (v&i s6 cum K=4)

Dé 1am rd hon van d& nay hay xem xét mot vi du
nhu trong Hinh 4, trong d6 cac dau doc dwoc phan
cum theo thuat todn K-mean. C6 4 cum duogc hinh
thanh véi cac tam lan luot 12 C,, C,, C;va Cy (nhimng
duong tron dut nét). Sau tung khoang thoi gian co
dinh, mot s6 tdm cum dugc xac dinh lai (theo giai
thuat CCR), nhu trong Hinh 4 1a C, va Cs (dugc thé
hién bang cac duong tron lién nét). Khi cac dau doc di
chuyén ching dugc dua vao mot danh sach can phan
cum lai (theo giai thuat CMR) sau tung khoang thoi
gian xac dinh. Cac dau doc Van c6 thé thugc cum ban
dau (Chang han r,) nhung ciing c¢6 thé chuyén sang
cum méi (chang han ry).

IV. MO PHONG VA PHAN TiCH KET QUA

Chung t6i tién hanh cai dit mo phong trén may tinh
2.4 GHz Intel Core 2 CPU, 2G RAM. Cac tham sb
md phong dugc mé ta trong Bang |, voi 101 dau doc
trong ¢6 1 dau doc dong vai tro 1a tram co sd. Cac dau
doc di chuyén ngiu nhién trong ving ban kinh 1a
100x100m?; mirc ning lwong ban dau cua cac dau doc
la 2KJ (Kilo Jun); s6 lugng cac cum theo K-mean
thay d6i tir 5, 7, 9 cum. Pinh ky Is ching t6i tién
hanh xac dinh lai tdm cum theo giai thuat CCR va
phéan cum lai cac déau doc theo giai thuat CMR.

Bang I. Céc tham s6 mé phéng
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Tham s Gia tri
Viing mé phong 100x100m*
S6 lwong dau doc 101
S6 liong cum 579
Nang luwong ban dau ctia dau doc 2KJ
Dg léch ning leong AE 0.1KJ
Thoi gian xdc dinh phdn cum lai 1s
Thoi gian mo6 phong 10s

Céc muc tiéu mé phong bao gdm:

- Xem xét anh huong cua viéc thay ddi s cum K
dén nang lugng trung binh cta cac dau doc;

- So sanh hiéu qua nang lugng cua gidi thuat
DCDF so véi IRDF.

A. Anh heong cia s6 cum dén nang lrong trung binh
ciia cdc dau doc

Chung t6i tién hanh thay d6i s6 cum K tir 5 dén 7
va 9 dé xem xét anh hudng cta sb cum dén muc tiéu
hao ning lugng trung binh ctia cac dau doc trong cum.
Két qua thu dugc nhu Hinh 5, & d6 ching ta nhin
thdy ring nang lugng trung binh cua cac dau doc
giam khi s6 cum ting. Piéu nay c6 dugc la do khi
tang s6 cum thi sé diém loc dit liéu va sé diém truyén
dir liéu ting 1én dan dén viéc mat mat nhiéu dir liéu
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1.7 \“‘
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"]
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1'2 —m—DCDF (K=7)
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1 2 3 4 5 (3] 7 8 9 10
Théi gian mé phéng (s)

Hinh 5. Mtrc tiéu hao nang lwgng trung binh cda cac
dau doc khi thay doéi s6 cum

Dé xem xét anh huong cta sd cum dén mirc ning
luong cua cac nit chi cum, ching t6i tién hanh so
sanh nang lugng trung binh clia cac nit chi cym khi
s6 cum thay d6i; Két qua thu dugc nhu Bang I1.

Béng Il. Mtrc tiéu hao ndng lwong trung binh cua cac
nut chd cum khi s6 cum thay déi (don vi KJ)

Thai gian (s) 2 4 6 8 10

DCDF (K=5) | 1.916 | 1.800 | 1.700 | 1.600 | 1.498
DCDF (K=7) | 1.860 | 1.720 | 1.580 | 1.434 | 1.303
DCDF (K=9) | 1.820 | 1.640 | 1.456 | 1.276 | 1.105

RS rang, viée ting s6 cum khong chi anh huong
dén murc tiéu hao nang lugng cua cac dau doc trong
cum ma con gy anh huéng dén cac nat chi cum. Do
trong chinh sach cta chung t6i luén st dung ntt chu
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cum thay d6i nhim bao toan nang lugng nén nut chu
cum luon 1 nit ¢6 muc nang lugng cao hon so voi
mirc ning luong trung binh cia cic dau doc trong
cum nhu chi ra & Hinh 6.

—a— DCDF (Head cluster)

Nang lueng (K])

—m— DCDF (Reader)

14
1 2 3 4 5 6 7 B 8 ]

Théi gian md phong (s)
Hinh 6. So sanh nédng lwgng trung binh nat chd cum
va cac nut trong cum khi K=5

B. So sanh hi¢u qua nang lwong giiza DCDF va
IRDF
Chung tdi tiép tuc so sanh ning luong trung binh
cua cac I’ll’]t,chﬁ cum khi K=5 gitra giai thuat DCDF
va IRDF; Két qua thu dugc nhu Hinh 7.

Nang luong (K)

—a— DCDF (Head cluster)

—m— |IRDF (Head cluster)

0.7
1 2 3 4 5 B i/ -1 9 10

Théri gian mé phéng (s)

Hinh 7. So sanh nédng lwong trung binh cta cac nut
chd cum khi K=5 gitta DCDF va IRDF

T Hinh 7 chdng ta nhan thiy rang giai thuat IRDF
tiéu hao ning lwong dién ra nhanh hon, diéu nay 1a do
giai thuat IRDF khong luan phién str dung cac nat chu
cum, lam cho ndt cha cum tiéu tén ning lugng nhiéu
hon. Chang han, tai thoi diém 2s IRDF giam ning
lugng trung binh khoang 7.8% so vgi DCDF, trong
khi tai 10s viéc giam nang lwgng nay la 50%. Vi
truong hop tang sé cum 1én 7 va 9, cac két qua Hinh 5
va Hinh 7 c6 thé gilp suy ra rang IRDF s& lam giam
nhanh chéng nang luong trung binh va thoi gian séng
cua toan hé théng sé bi anh huong nghiém trong.

C. Nhdn xét

Do giai thuat DCDF su dung phuong phap loc dit
liéu nhu IRDF nén lugng dir liéu truyén dén tram co
s khong c6 nhiéu thay ddi. Tuy nhién, dya trén két
gua mé phong, DCDF la hiéu qua trong viéc bao toan
nang lugng, khi tién hanh thay d6i dong cac ndt chu
cum. Hon nita, v6i chinh sach phan cum duoc dé xuat
ddi véi cac dau doc di chuyén, DCDF bao dam duogc
hiéu qua nang lugng nhu dugc chi ra trong Bang 111
Viéc trién khai giai thuat DCDF 1a kha thi vi cac diéu
kién xem xét phu hop vai diéu kién thuc té 1a cac dau
doc va thé cd thé di chuyén.
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Bang Ill. Phéan b6 céc dau doc trong méi cum theo
thoi gian, khi cac dau doc va thé di chuyén
(trerong hop K=5)

Thoi gian (s) 2 4 6 8 10

Cum 1 16 11 19 17 23

Cum 2 19 34 15 a7 34

Cum 3 25 |21 |32 |6 12

Cum 4 14 10 9 19 19

Cum 5 26 24 25 11 12
V. KET LUAN

Trong bai bdo nay ching toi da dé xuit mot
phuong phap phan cum RFID dong nham loc dit ligu
hiéu qua nang lugng c6 tén la DCDF. Giai thuat
DCDF bao gom 2 giai thuat chinh: (1) CMR nham
phan bd cac dau doc di chuyén vao cac cum méi va (2)
CCR nham tinh toan lai nat déng vai tro 1a cha cum
sau tung khoang thoi gian xac dinh. Két qua md
phong trong Muc 4 di chi ra rang phuong phap ma
ching t6i dé xuat cho hiéu qua ning lugng tét hon
IRDF. Pdng thoi DCDF ciing pht hop véi yéu cau
thyc té cua cac md hinh tich hop RFID véi mang cam
bién ma & do cac dau doc va cac thé co thé tu do di
chuyén.
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AN IMPROVEMENT OF DYNAMIC RFID
CLUSTERING FOR ENERGY-EFFICIENT
DATAFILTERING

Abstract: Data filtering in the model of integrated
RFID and sensor networks is a current issue that is
drawing much interest from researchers around the
world. One of the approaches of energy-efficient data
filtering is based on clustering in which data filter
points are only performed by cluster nodes. However,
most of the proposals are studied in an environment
where readers are assumed to be non-moving and the
clustering role is fixed at clusters. This causes clusters
to consume too much energy, which results in a
dramatic reduction in their living time. This article
will propose an improvement in dynamic clustering
for RFID readers in which clustering is replayed
periodically and clustering roles are flexibly changed
between readers so that the consumed energy is
appropriately shared among them and thus increases
the lifetime of the system.
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