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ABSTRACT

In recent years, RFID technologies have been developed enormously and
attracted special attention in the development of efficient and applicable
algorithms, e.g., the method of locating Spot On, the positioning
techniques of Landmarks, Virtual Landmarks. There are; however,
various issues relating with environments which have a large number of
obstacles as well as a huge density of Tags in a particular unit area.

This research paper presents a method to locate tags with high accuracy
in three-dimensional space when eight antennas are located at the
corners in the monitored areas. The position of each tag is obtained
based on the aggregate Received Signal Strength (RSS) value and the
elimination of errors occurred in the communication process between the
Tags and the reading range of the Readers.

The simulation results show that the system can operate with relatively
good accuracy in specific space which has a vast density of obstacles
such as libraries, warehouses, etc. In addition, the application of the
localization algorithm can ensure practicality, easy installation, economy,
the possibility of rapid expansion as well as the proper optimization of
management system for various types of environment.

TOM TAT

Nhitng nam gan ddy, cong nghé RFID da phdt trién vieot bdc va thu hit sw
quan tém ddc biét trong viéc xdy dung mot gidi thudt dinh vi phit hop dé img
dung thue té hiéu qua [4]. Trong do, cé thé ké dén phwong phdp xdc dinh vi
tri Spot On, ky thudt dinh vi Landmarc va Virtural Landmarc. Hi¢n bai todn
ndy con nhiéu vin dé can nghién ciru gidi quyét trong méi trieong xudt hién
nhiéu vt can ciing nhw mdt do phan bé s6 lwong Tags cuee 1om trong mét don
vi dién tich nhdt dinh.

Bai bdo gidi thiéu vé thiét ké mot phwong phdp dinh vi tags véi @ chinh xdc
cao trong khong gian 3D khi bé tri 8 anten & ‘cdc goc trong khu vic quan ly.
Vi tri cua Tags dwoc tinh toan dya vao viéc téng hop gid tri cua cwong do tin
hiéu tra vé (RSS) [8] dong thoi logi bo di cac sai so xdy ra trong quad trinh
giao tiép giita Tags va tam doc ciia Readers.

Két qua mé phong cho thdy hé théng hoat déng c6 d chinh xdc twong doi tot
trong khong gian c6 mdt dp vit dung nhiéu nhi thw vién, kho chira hang héa.
Ngoai ra, viéc ung dung giai thudt dam bao tinh thiét thwe, dé dang lap dat
thiét bi véi hiéu quad kinh té cao, c6 kha nang mo rong nhanh chéng, ciing
nhu tiy ting logi méi truong khac nhau dé tiry bién toi wu héa hé théng qudn
Iy mot cach phu hop.
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1 GIOI THIEU

Viéc nghién ciru cac giai thuat dinh vi ddi
tuong trong moi treong RFID da dugc nghién ciru
nhiu trén thé gidi. Tuy thudc vao cong nghé va
cac tmg dung cu thé ma cac giai thuat nay tap trung
vao d6 chinh xéc, tiét kiém nang luong, kich thuéc,
hay nhing rang budc vé mit phan cing. Tiéu biéu
¢6 ba hudng phat trién nhu sau:

Céc ki thuat xac dinh khoang cach thuong st
dung gia tri cuong do tin hiu tra vé cla tin hiéu
(Received signal strength - RSS) [8], thoi gian tra
vé (Time of Arrival - TOA) [2], chénh léch thoi
gian tra vé (Time Difference of Arrival - TDOA)
[5]. Cac phuong phap do khoang céach thuong chiu
anh hudng cua su che Khuat va su 1éch huédng.
Chung thuong doi hoi cac ky thudt chuyén biét dé
ddng bo hoa hodc dé tinh goc cua ddi twong can
duoc dinh vi.

Phuong phap phéan tich ngoai canh (Scenes

Analysis) [2] c6 d6 chinh x4c cao hon so véi cac
phuong phap ké trén, tuy nhién chi phi thiét 1ap hé
thong qué cao do sir dung s6 luong 16n cac thiét bi
va toc do xur ly cham vi can nhiéu diém méc
(nodes) dé xac dinh vj tri cta d6i tuong.
Mot phuong phap khac la phuong phéap lan cén,
day 1a mot phuong phap co ban va dé thyc hién.
Tuy nhién, d6 chinh xac lai tuy thudc vao kich
thudc cac 6 dinh vi [1].

Phuong phap Spot On [7] str dung cac phép do
RSS d wdc tinh khoang cach gitra t6i thiéu ba
readers va mot thé ddi tuong, tur d6 s€ ng dung
phép do 3 canh tam giac (trilateration) [2] tinh ra
cac khoang cach nay. Ky thuat Kalman filtering sur
dung cac thé tham chiéu va dua trén mot ban dd
xéc suat 16i phép do cho khu vuc do tim cua cac
readers. V6i cac dang udc tinh khoang cach,
Bechtler va Yenigun cling da trinh bay mot phuong
phép dua vao mot bd reader phat va hai readers
nhan: hé théng SAW-ID, tinh toan khoang cach
nho sir dung ki thuat TDOA [3]. Tiép d6, cac phép
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dinh vi duoc thuc hién béng cach ung dung
phuong phap trilateration. Mot phuong phap khac
kha ndi tiéng 1a Landmarc [3]. Phuong phap phan
tich ngoai canh nay sir dung céc thé tham chiéu cé
vi tri d3 16 dugc ¢ dinh dé 1am cac mdc kiém soat,
céc readers s& c6 nhiéu mirc nguon khac nhau. Céac
Readers khac nhau vé pham vi doc s& sir dung phép
do RSS cho tit ca cac thé tham chiéu va thé déi
trong. Nhing thé tham chiéu gin nhét s& dwoc
chon va vi tri cua ching s& dwoc ldy gid tri trung
binh d& wdc lugng vi tri cta thé dbi twong[6].

Bai bao nay trinh bay mot phuong phap giai
thuat dinh vi méi: bé'lng cach bd tri 8 Anten dé thu
nhan tin hiéu RSS cua tags tra vé& roi tir do tinh
khoang cach giita tag v6i cac thiét bi, dong thoi két
hop vai viéc so sanh cac gia tri nhan duoc dé suy
ra vi tri chinh xac cua tag. Ky thuét nay dua trén
thong tin co ban giira giao tiép Anten va tag do do
dé dang xay dung va mé rong hé thdng, chi phi xay
dung hé théng hop li cing voi do chinh xac chip
nhan dugc.

2 PHAN TiCH, THIET KE GIAI THUAT
PINH VI

a. Gidi thiéu vé Received Signal Strength
Indicator (RSSI)

RSSI 1a gia tri do muirc nang luong cua song
Radio ma Anten nhan duoc tir Tag hoi dap trong
qua trinh giao tiép Reader — Tag [8].

Trong qua trlnh giao tiép gitta Reader va Tag,
Reader sé& cap ngudn nang lugng cho hé thong phat
song, tuy theo mirc d§ cap nguoén ma soéng phat ra
¢6 mutc nang lugng khac nhau, rdi thong qua Anten
cung cip ning luong cho cic tag. Sau khi nhén
dugc tin hidu nay cac thé tag s& sir dung ngudn
ning luong d6 dé phan hoi lai cho Reader. Tir do,
thong qua viéc do luong cudng d6 manh yéu cia
tin hiéu phan hdi dé so sanh v6i mic ning luong
ban déu, gia tri khoang cach gitra Anten va tag co
thé duoc tinh toan va xac dinh mot cach chinh xac.

ehip Suhsitrmu

RES)
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Hinh 1: So' d6 giao tiép giira Reader va Tag
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b. Thiét lgp hé thong

Pé thuc hién viéc dinh vi toa do trong mot
khong gian c¢6 kich thugc 1a: Chiéu dai a; Chiéu
rong b; Chiéu cao ¢ ta s& bd tri 8 Readers tai cac
goc. Gia dinh rang viéc giao tiép lién lac giita mot
Reader bét ky va mot tag trong khoang khong gian
gia dinh 1a c6 thé va tra vé mot gia tri cuong do tin
hiéu tiy theo khoang cach tuong dbi ciia Reader va
Tag. Dong thoi gia sir rang 16p dia chi MAC cua
RFID da dwoc nhung ca hai co ché phat hién va
chéng dung db (collision detection and singulation)
va cac readers nay c6 mdt thuat toan diéu khién
nguon.
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Hinh 2: So d6 b6 tri cac Readers trong khong
gian

¢. Co so cua gidi thudt dinh vi

) Thuét toan dinh vi dugc xay dung dua trén 2
van d¢€ chinh:

Dau tién dya vao hé thong 8 Anten dé thu thap
gia tri RSS cta Tag ma ta can dinh vi vi tri két hop
V641 viée so sanh véi mire do cép nguén ban dAu cta
Reader cho cac Anten dé tir d6 tinh toan suy ra
khoang cach twong ddi gitta Anten va Tag. Luu y
rang gia tri RSS tra vé s& ¢ thay d6i nhat dinh phu
thudc vao cach chinh mirc nguon phét cua reader-
cling ddng thoi ting pham vi doc cia Anten.

Phan thir hai ta s& sir dung gia tri khoang cach
cua mdt tag can dinh vi d6i v6i 8 Anten ma ta vira
tinh toan duoc dé tinh toan, so sanh déi chiéu dé
xac dinh vi tri cia Tag trong khong gian qua d6
cling ddng thoi loc cac tin hidu nhidu giup ting do
chinh x4c cua thuit toan.

d. Thudt toan dinh vi

Liét ké cac chu thich va thuat toan dinh vi 3D
cho moét tag dugc mo ta nhu trong Bang 1.
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Bang 1: Cac cha thich cho cac bién dwge sir
dung trong thuit toin

Ki hiéu Chu thich

R; Anten j

H Thé Tag can dinh vi
Gia tri cuong d¢ tin hi¢u cia Tag H
ma Anten j nhén dugc
Khoang cach tuong doi giita Tag H
va Anten j

Céc budc xay dung thuat toan dinh vi:
— Budce 1:

Xac dinh khoang cach twong ddi giita Anten j
va Tag H dua vao gia tri cuong d6 tin hiéu RSS.

Trén thuc té gia tri cuong do tin hiéu ma
Reader nhén dugc con phu thude vao yéu t6 ngoai
canh vi thé dé chinh xéc can thuc nghiém theo timg
mdi trudng khac nhau dé biét co két qua chinh xéac
nhit; trong méi trudong ma ta thuc nghiém 1
RSS~10cm—15cm. Cudi cing budc nay ta s& thu
duoc cac gia tri twong ddi di

(=
R1 a R2

Hinh 3: Vi tri va gia tri cwong d¢ tin hiéu Vi ciia
tag H v6i cac readers

— Budc 2:

Ta str dung phuong thirc toa d6 hda cac vi tri
dat Anten va Tag H:

R1(0,0,0) | R5(0,0,c)
R2(a,0,0) | R6(a,0,c)
R3(a,b,0) | R7(a,b,c)
R4(0,b,0) | R8(0,b,c)
Va toa d¢ tag H(x,y,z)
— Budc3:

T cac gia tri d1,d2,d3,d4,d5,d6,d7,d8 cung cac
toa d vi tri dat cac Anten va tag H ta suy ra hé
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phuong trinh khoang cach tir Tag H t6i cac diém
dat Anten [8] :

=3+ (- 03 +{z - D= &;F
x2 o (p =4z - )= dyf

Giai hé phuong trinh trén ta s€ c6 dugc cac gia
tri x,y,z cua H:

Gia tri x:
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Trong diéu kién 1y twong, két qua ta thu dwoc
s€ la nhu nhau, tirc 1a:

AT TR T T

FPERTEEENRTR

Z=g =5;=5; =3

Tuy nhién trong diéu kién thuong ludn ludn co

nhiing sai so trong tinh toan, dic biét 1a trong k¥
thuat RFID von rat hay chiu anh hudng tir moi
truong giam sat, vi thé thuc té cac gia tri X;,Y; va
Zis& ludn c6 sy chénh 1€ch gia tri véi nhau. Vi vay,
dé xac dinh vi tri chinh xac cua Tag H(x,y,z) ta co:

X = (X] + X2 +X3 +X4)/4
Y=(1ty2tystys)/4
Z:(Zl +22+Z3+Z4)/4

Pén day ta hoan toan dinh vi dwoc vi tri cta
tags H trong khong gian 3D. Tuy nhién, trong thuc
té ta ludn gép rat nhidu vn dé anh huong t6i viee
giao tiép glua tag va Anten tir 6 cling tryc tiép anh
huong t61 gia tri RSS tra vé ma Reader nhan duoc.
Dbi véi cac tac nhan giy anh huong tuong dbi ta
¢6 thé thuc hién buée 5 tiép theo sau day dé giai
quyét, tuy nhién dbi v&i cac tac nhan gdy anh
hudng manh, lam sai 1éch truc tiép dén giai thuét
dinh vi thi ta phai c6 mot phuong phap pht hop dé
loc nhiéu.

e. Van dé nhiéu va loc nhiéu (Bude 5)

Vi cac 16i co thé xudt hién trong qua trinh
Anten doc sai gia tri RSS, tham chi 1a khong doc
duoc gia tri RSS s€ gay anh huong téi do chinh xac
cua giai thuat do no tao ra sy sai 1éch rat 1on vé gia
tri tinh toan giira cac diém tags, so voi gia trj cua
cac diém tags that su.

Nhan xét thay rang cac diém tags sai 1énh nam
rai rac trong khong gian va khong hé tip trung nhu
cac gia tri tags ding vi thé ta c6 thé tim noi mat do
cao nhat cua cac diém bang cach nhu sau:

— Chon trong s6 cac diém nam trong pham vi
r cua cua diém dinh trudc, voi 64.7’ la dai lugng
dung dé xét dieu kién théa man cac diém nam
trong hay nam ngoai pham vi r :

':"i_.'-'={ :ﬁﬁu “:,,tj” =r

VT, = fu, Yo, € VT, 8, = 1}
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— Trong tit ca cic tap hop diém ¥T; chon ra Nonge = |va=x|
Fimaz 12 tap hop diém 16n nhét L Fmex  Vmax  Vmax
Rkl v DILDIETDI
I“riﬂ.'-nn::r = Il'lEIKEZ| ““'TEHJ B i=1 =1
1

. oz L Trong do Xe, e, Ze 18 cac toa d udc tinh cua thé
— Tinh ra s0 diém thoa man yéu cau, c6 muc Va Xi, Vi, 7 14 toa do cua diém vi.

do tap trung cao nhét

10

R

Hinh 4: Sai léch giira tag tinh toan voi tag thit do sai gia tri RSS. Gia tri gin ding c6 mau hong; cac
gia tri sai 1énh 16n c6 mau xanh la

3 THU NGHIEM VA DANH GIA KET QUA Room Information Search Information
a. Thiét ldp mé phon
, wmor g’ Length 100
Dé mo phong hé¢ thong, bai bio nay dung ®H Om OA
Matlab. Quy dinh ring mdi 1 don vi tuong mg voi Wyidth 100
ID
1 cm don vi chiéu dai ¢ ngoai thuc té. Height 100

Cac Anten s€ nam ¢ 8 goc trong khong gian ma

ta rnuon mo phong thue nghiém. Cac thong tin can _ _

nhap vé khong gian ma ta mu6én mé phong goém:

— Chiéu cao - 0 - 0
— Chiéu dai Yy 0 e 0
— Chiéu rong - 0 - 0

— Toadd x, y, z cla tag can dugc dinh vi hoac

ID cta 1 tag da dugc quy dinh vi tri tuy ché do lua _
chon
b. Giao dién mé phong: . 0 . 0 - 0

Giao dién chuong trinh mé phong dwoc thiét

ké nhu sau [10]: Cal

Hinh 5: Giao dién chwong trinh mé phéng
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Bén trai la khong gian md phong dién tich la
100 x 100 x 100. Ta s& thé hién Anten, diém can
dinh vi, toa d0 udc tinh thoa man cac diéu kién sau:

— Anten s€ dugc bb tri 8 goc cua khong gian
ma ta mudn mé phong va duge biéu dién bang hinh
luc giac 16n bao quanh.

— Toa d6 thuc cua diém dit tag 1a hinh sao c6
mau xanh.

— Toa @9 udc tinh dugc cling la hinh sao
nhung c6 mau do.

—  Céc toa d6 diém tinh toan s& 1a hinh *. Sau
khi loc nhiéu tin hiéu, nhing toa do diém gén ding
s€ ¢O0 mau héng, con nhitng toa do bi loai s€ co
mau xanh 14a.

— Nguoi dung can nhép céc thong tin sau :

Thong tin Room’s Information, Search

Information, Location gia 1ap can dinh vi
Chon 1 trong 3 ché 46 sau:

M: Ché d6 Normal Noise tinh toan trong diéu
kién thuong. Nguoi dung s& nhap toa do x, y, z cua
diém can dinh vi vao. Hé thong s& md phong gia
dinh gia tri RSS roi tinh toan dé thong bao két qua
cua toa do uwdc tinh.

00

Hinh 6: M6 phéng, tinh toan khi chay mode M

H: Ché do Heavy Noise s¢ thtr d§ chinh xac
cla giai thudt trong truong hop hé thong duoc dit
vao moi truong c6 do nhiéu cao. Nguoi dung sé
nhép toa d6 x,y,z cua diém can dinh vi vao. Hé
thong s& ty dong gia dinh mic do giy nhidu &
trang thai cao, sau d6 tinh toan dé dua ra két qua
cua toa do wdc tinh.
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070

Hinh 7: M6 phéng, tinh todan khi chay mode H

A: Ché do Auto, ngubi dung s€ nhap gia tri tén
ID ¢6 san, sau d6 nhan nut Call dé tinh toan két

qua:

Hinh 8: Mo phéng, tinh toian khi chay mode A

Dya vao két qua md phong ta théy rang do
chinh xac cua giai thuat la tuong dbi tot (49 léch
cac diém mau xanh va mau hong). Véi sai s6 nim
trong khoang tir 20 — 70 cm 6 mdi truong khong
gian 3D la hoan toan chép nhan dugc. Tham chi
trong nhiing truong hop mod phong, mot vai Anten
doc sai gia tri hay mit tin hiéu, do chinh xac cua
giai thuat ciing khong bi anh huong nhiéu.

c. Mo ta hé th(fng thir nghiém thuc té

Mb hinh tg dung 8 anten bai bao tién hanh thir
nghiém ding hd trg quan 1y sach va tim kiém vi tri
sach trong thu vién va duogc b6 tri nhu Hinh 9. Bé
thuyc hién viéc chia chu ky cap nhat thu vién, ta
chia thu vién thanh nhitng khu vuc nhé hon, mdi
khu vuc gém 2 k¢ don: k¢ trai va ké phai. Gilra
khoang khong gian 2 ké b tri 4 hé théng anten
dé thuc hién doc va dinh vi vi tri sach trong khu
vuce do.
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Hinh 9: M hinh bd tri anten trong 1 khu vure phan chia nhé thw vi¢n

Mbi hé thong anten gdm cé khéi Reciever (Rx)
va Anten RFID, khéi Rx chiu trach nhiém nhén tin
hi€u va dinh thoi hoat dong cua anten RFID. May
chu diéu khién diéu khién cac hé théng nay bing
tin hiéu wireless thong qua khdi Tranmister (7).

Hoat dong cua hé théng duoc chia lam 2 giai
doan chinh:

— Giai doan 1: H¢ théng diéu khién cac anten
RFID huéng vé ké bén phai ¢ ting khu vuc, tién
hanh doc thong tin sach va dinh vi vi tri sach & cac

1

ké do.

Két thuc giai doan 1 hé théng tién hanh
dicu khién cac anten RFID quay hudng vé cac ké
bén trai.

— Giai doan 2: H¢ théng diéu khién cac anten
RFID hudng vé ké con lai cia tirng khu vuc, sau
d6 tién hanh cap nhat thong tin sach ciing nhu vi tri
sach & cac ké con lai.

Két thac giai doan 2 hé théng trd vé vi tri ban
dau, cho dén chu ky cap nhat thu vién ké tiép.

[+

Hinh 10: Giai doan 1 cic anten huéng vé ké phai

5

3

i

Hinh 11: Giai doan 2 cic anten huéng vé ké trai
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d. Thit nghiém thuc e

Giai phdp dinh vi mdi nay da duoc ung dung
trong h¢ thong quan 1y va tim kiém sach trong thu
vién, duoc bo tri trong moéi truong phong Lab cua
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Khoa Ky Thudt May Tinh, Truong Pai hoc Cong
ngh¢ Thong tin. Cac thé RFID dugc st dung la loai
thu dong (UHF Passive), tan sd hoat dong :
860~960MHz, chuédn : EPC CLASS 1 GEN2/ISO
18000-6C.

Hinh 12: H¢ théng quan Iy sach thu vién

Véi viéc sa dung Reader FX9500 hd tro 8
anten RFID va c6 kha nang doc ca hai loai thé thu
dong va tich cuc, gid thanh hé thdng chi khoang
2000USD so v6i 8000USD néu ding 8 Reader
RFID ddc 1ap [11]. Bai bao thu nghiém h¢ théng

K&t Qud

v6i trén 200 dau sach dugc gan tag RFID va cho
két qua tim kiém sach ciing nhu cac thong tin kém
theo 1a rat kha quan va chinh xac (két qua tim kiém
tra vé nhu Hinh 13)

TEN SACH: BASIC NET introduction-Cudn thi: |

TEMN TAC GIA: NEW HORILZONS
CATEGORY: CNTT

EPC 30342534C416C6C000000687

PUBLISHER: NEW HORIZONS

Sach can tm ndm d ké 1 hang 2 6 thdr' 1

Hinh 13: Két qua tim kiém sach ciia hé thong

e. Ddnh gid két qua

Két’ qua thyc té khi van hanh hé thong demo
cho thay hé thong quan ly sach dap umg kha tot
trong dicu kién co6 khoang 500 — 700 cuon sach

trén téng s6 4 ké sach don (ké gitta c6 2 ké don dat
canh nhau) trong khong gian c6 dién tich 2m x 3m.
Pong thoi chuong trinh quan 1y va tim kiém sach
trong thur vién bao gdm hoan chinh cac chirc ning
co ban nhu: viéc xac dinh thong ké nhing cudn
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sach da bi dat sai vi tri, hay cac thong tin vé cubn
sach can tim, ... ciing cho két qua t6t hon so véi cac
hé théng dinh vi hién nay. Két qua trong Bang 2 ¢
dugc sau khi tong hop dénh gid phuong phap dinh

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 33 (2014): 83-91

vi dé xuét dua trén ca 2 qua trinh mé phong ciing
nhu hé thong trong thuc té va so sanh vdi cac giai
thuat khac hién co trén thé gidi [5].

Bang 2: So sanh két qua ciia phwong phap dé xuét véi mét s phwong phap théng dung khac

Land-marc SPOT ON SAW tags Our New Method
Distance estimation RSS RSS T04 RSS
Dimension 2D 2D 2D 3D
Reader’s deployment Ceiling (or Floor) Ceiling(or Floor) Ceiling(or Floor) Ceiling and Floor
Price Normal Low High Low
Accuracy 1-2m ~3m 0.2m 0.2-1m

Viéc sir dung hé thong néu trén khong chi giup
gia tang hiéu qua xu ly chinh xac trong viéc xac
dinh vi tri sach cAn tim ma con giup giam dang ké
chi phi xdy dung hé thdng so véi viéc st dung
nhitng by Anten — Readers riéng 1é.

4 KET LUAN

V6i viée chi sit dung mot hé thong gom 1
Reader RFID c6 kha nang hd trg toi da 8 Anten két
hop v6i phuong phap gidi thuat dinh vi nay dam
bao tinh thiét thuc ciing nhu d& dang trong xay
dung va bd tri hé thdng, co kha ning md rong va
phat trién nhanh chong. K§ thuat nay khong chi
cung cip mot giai phap dinh vi twong di chinh xéac
trong moi trudng 3D phic tap, dong thdi con tiét
kiém chi phi khi xay dung hé thong, mang lai hi¢u
qua kinh té cao, phu hop vdi viée xdy dung cac
ung dung quan ly trong thu vién, kho chira.

H¢ thong thir nghiém quan 1y va dinh vi sach
trong thu vién da cho thiy kha nang quan 1y dugc
vi tri tai nguyén sach trén ké va tir d6 c6 thé mo
rong hd trg nhan vién quan thu nhiéu viéc khac
nhu phan loai, sip xép, kiém ké tai liéu.
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