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Tom tit:

Bai bdo trinh bay giai phap dinh vi v6 tuyén dua trén mang cam bién khéng day sir dung chudn IEEE
802.15.4. Cac n(t cam bién tich hgp anten thédng minh cé khd nang chuyén bup séng & bdn vi tri va
c6 bup séng hep tdi 21°. Bé xudt hé thong dinh vi sir dung anten thong minh c6 kha nang phu dugc
khong gian rong. Hé thong st dung phucng phap dau van tay va dat dugc sai s6 dinh vi nho la 0,75
m trong viung dinh vi 32 m%

Tir khéa:
Anten thong minh, mang cadm bién khong day, dau van tay (DVT).

Abstract:

This paper presents the solution for a radio frequency localization system based on a wireless sensor
network (WSN) using the IEEE 802.15.4 standard. The nodes are integrated in a smart antenna (SA)
which four positions could be scanned with narrow beam-width as small as 21°. Our system utilizes a
smart antenna that is able to cover wide space. Furthermore, this system uses fingerprinting
methods that obtains an average localization error down to 0,75 m in the coverage area of 32 m?.

Keywords:
Smart antenna, Wireless sensor network, Fingerprinting.

1. MG PAU

Mang cam bién khong day Ia mét trong
nhitng giai phéap truyén thdng khong day
c6 nhiéu wu diém nhu: gia thanh thap,
nang luong tiéu thu khong cao, dé trién
khai va kha thi cho cac ung dung trong
quan ddi, cong nghiép, gia dinh, y té,
ndng nghiép. Bac biét, trong giam sat moi
truong dé dwa ra nhitng canh béo sém,

ctu ho trong nhitng tinh huéng khan cép.
WSN thuc hién nhiéu chuc nang khac
nhau nhu: thu thap thong tin do, xtr ly dir
liéu, truyén thong khong day, xac dinh vi
tri... [1]. Cac nit cam bién thudong duoc
chén dudi dat dé giam sat dia chan; treo
tai cAc khu vuc gidm sat moi truong nhu:
rang, bién, séng hod, nha xuong, bénh
vién, khu cong nghiép, trang trai...; gan
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vao dong vat hoang da, vat nuéi... & giam
sat hanh vi, théi quen, su di chuyén [2];
gan vao nguoi hoic robot nham dinh
huéng dan dudng va giao tiép voi ngudi
khiém thi, ngudi khuyét tat, ngudi gia hay
tré em [3]; gan vao xe trong diéu khién
giao théng théng minh [4]. Nhu vay, cac
thong tin do dwoc cua nat cam bién (nhiét
do, ap suit, d6 am, anh sang, do 0
nhiém...) khong c6 y nghia khi khong biét
vi tri cua nat. Viéce xac dinh vi tri caa nat
cam bién la yéu t6 quan trong, lién quan
dén tinh hiéu qua cua hé théng. Thach
thac chu yéu cia hé dinh vi dua trén
mang cam bién khong day 1a do chinh
xéac, d6 6n dinh, thoi gian dép tng va do
phtc tap khi trién khai [5].

Cac phuong phap dinh vi thuong dua vao
khoang cach, hudéng séng tsi hoac sir
dung phuong phap dau van tay. Tin hiéu
dung dé udc lugng vi tri nhu cudng do tin
hiéu (RSS-Received Signal Strength), thoi
gian téi (ToA-Time of Arival), do léch
thoi gian toi (TDoA-Time Difference of
Arrival), hudng song téi (AoA-Angle of
Arrival) hodc két hop céc tin hiéu nay [6].
Trong do, ToA va TDoA khoéng phu hop
VGi cac nat cam bién, vi yéu cau phan
ctng phuc tap. RSS duogc sir dung phod
bién nhat bai tinh don gian va gia thanh
thip, tuy nhién do chinh xac khéng cao,
kho khan khi xay dung md hinh hoa
duong truyén trong modi truong dong.
Viéc két hop RSS va AoA gilp nang cao
d6 chinh xac cho hé dinh vi [7-9]. Theo
[10] dua trén RSS do duogc, do chinh xac
dat dugc 1,2 m trong ving 25 m?; [11]

dwa trén RSS, sir dung phuong phap dau
van tay va dat d6 chinh xac trung binh
2 m trong vang dinh vi 63 m% cong b [7]
dé xuat tich hop anten théng minh cho nt
cam bién nhim giam sé nat, giam tic
nghén truyén théng trong mang, tir do
giam nang lugng cip cho mang, ting thoi
gian séng cho céc ndt cam bién; bai bao
[8] udc lwong vi tri nat cam bién dua trén
thong tin do RSS va uéc lugng AoA dat
do chinh xac cao 1,24 m trong viung dinh
vi rong 100 m%; [9] su dung anten thdng
minh sai sb trung binh 1,1 m trong viing
42 m?.

Trong bai b&o nay, chung téi nghién ctu
va trién khai hé thdng mang cam bién
gom ba nut ¢ dinh dugc tich hop anten
thong minh (SA-Smart Antenna) dé xuat.
Hé théng dinh vi nat di déng trong viing
rong, giam thiéu do phuc tap vé truyén
thong trong mang, nang cao d6 chinh xéac
cho hé dinh vi va giam gid thanh hé
thong. Bai toan sir dung phuwong phap dau
van tay dé udc luong vi tri d6i tuong dya
trén thuat toan K lang giéng gan nhat c6
trong sé.

2. THIET KE PHAN CUNG CUA HE
THONG PINH VI

Anten thong minh dé xuat

Trong bai béo [12] tac gia di dé xuét
anten thdng minh chuyén mach bap song.
Uu diém ndi bat cua anten théng minh
nay c6 do rong bup séng hep, hiéu suat
birc xa cao va cau tric phang dé lap dat
vao thiét bi trong hé thong. Anten dé xuét
da dugc ché tao, do kiém véi hinh anh va
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dd thi buc xa cua anten dwgc mé ta trén
hinh 1 va hinh 2. Cac bap séng duoc do
kiém tuong ddng vai két qua md phong
dwa trén phan mém CST (Computer
Simulation Technology). Anten dat dugc
do loi la 9,8 dBi; bang thong rong 400
MHz véi tan sé trung tam 2,45 GHz; do
rong buap song theo phuong ngang dat
21°+28°. B0 rong bup séng hep toi 21° la
mot vu diém ndi bat, gidp cho viéc dinh
vi chinh x4c hon theo mat phang ngang.
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¢) Hinh anh do SA

Hinh 1. Hinh anh anten thong minh
dworc ché tao va do kiém
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Cau hinh cia hé thong dinh vi

Hé théng dinh vi dua trén chuan IEEE
802.15.4, cau tric cua hé théng gém ba
ndt ¢c6 d@inh ¢ nhiém vy thu tin hiéu vo
tuyén tr nuit di dong. Tin hiéu RSSI thu
duoc bai nGt chi giri vé may tinh trung
tam, dé xu ly tinh toan vi tri nuz di déng.
Trong d6, nut di dong duoc tich hgp anten
da huéng, nat co dinh tich hop SA. Céc
nat dugc két ndi véi nhau theo ciu tric
mang hinh cdy don gian duoc thé hién

Niit ¢6 dinh 2 (Tram 2)

Niit di dgng

nhu hinh 3. Hoat dong cua mang dugc
trién khai nhu hinh 4 va duoc thé hién o
biéu dd trinh ty trong hinh 5Error!
Reference source not found. véi tdc do
250 kbit/giay. Cac nat cam bién, sir dung
bo diéu khién MSP430 va bo thu phét vo
tuyén MRF24J40MC. NGt chi ¢6 nhiém
vu trung gian thu tin hiéu cuong d6 séng
giri V& may tinh, tir d6 uéc luong vi tri
cua nut di dong.

- Truyén tin khong day

Niit ¢é dinh 3 (Tram 3)

Niit ¢6 dinh 1 (Tram 1)

Hinh 3. C4u hinh hé dinh vi ba tram str dung WSN

h=1.8m

—
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Hinh 4. a) Hé théng dinh vi dworc trién khai va b) Nut cam bién tich hop SA
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Hinh 5. a) Lwéi diém chuén 9x9 va b) Biéu dé
trinh tw thwe hién cia WSN

3. THUAT TOAN DBINH VI VA KET QUA
DAT BUQC

C6 nhiéu phuong phap dinh vi dya trén
s6ng vO tuyén nhu d trinh bay trong muc
1:

(1) V6i phuong phap giao khoang céch
can xac dinh md hinh truyén séng, thé

hién méi quan hé giita cdng suat truyén -
nhan va khoang cach truyén tin hiéu song
vO tuyén trong méi truong truyén thing
khong vat can da duoc tac gia trinh bay
trong bai [13]. Két qua cua bai bao da
duoc cong b cho thay sai sb caa hé thong
dinh vi sir dung anten théng minh giam so
VGi viéc sir dung anten da hudng truyén
thng. Tac gia da trién khai thuc nghiém
va xéac dinh sai s6 trung binh khi sir dung
anten da hudng 1a 2,54 m. Khi thay thé
anten da huéng bang anten thong minh dé
suat, sai s6 trung binh chi con 1,67 m dua
trén thuat toan binh phuong nho nhat (LS-
Least Squares) [14] va 1,64 m duya trén
thuat toan lap tham lam (BGI-Bilateral
Greed Iteration) [15].

(2) V6i phuong phap giao goc tac gia da
thuc nghiém va dat dugc sai s6 12 1,1 m
[13].

(3) V&i phuong phap dau van tay, lubn c6
uu diém vé do chinh xac cao hon so véi
hai phuong phéap trén. Tuy nhién, trong
phuong phép nay yéu cau thém giai doan
do, tao co s& dir liéu tir trudc rat cong phu
va mat thoi gian.

Trong gidi han cua bai bao nay, chung toi
trinh bay phuong phap st dung dau van
tay dé xac dinh vi tri cia nat cam bién di
dong. Co6 nhiéu thuat toan duogc sir dung
dé uwéc luong vi tri duoc &p dung cho
phuong phap nay: (i) tiéu biéu cho huéng
tiép can tién dinh 1a thuat toan K lang
giéng gan nhat (KNN - K Nearest
Neighbors) [16], (ii) hudng tiép can thdng
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ké phai ké dén &p dung phuong phap phan
I6p caa Naive Bayes [17] hoac (iii) huéng
sue dung k¥ thuat mang noron nhan
tao/hoc sau, hoc may [18]. Trong bai béo,
tac gia st dung thuat toan K lang giéng
gan nhét c6 trong s6 (WKNN-Weighted K
Nearest Neighbor). Pay la phuong phap
duogc st dung rong réi voi kha nang cho
dd chinh xac cao hon phuong phap KNN
[18][19] va c6 wu diém la tinh toan khong
qua phuc tap.

Phuong phéap dau van tay duoc chia lam
hai giai doan: giai doan ngoai tuyén (off-
line) cé chuc nang thu thap, dao tao hay
huan luyén co s& dit liéu va giai doan truc
tuyén (online) thuc hién nhiém vu tinh
toan udc luong vi tri ddi tuong.

a) Giai dogn ngoai tuyén: Co so dit lidu
trong giai doan ngoai tuyén dugc thu thap
tir két qua do cuong do6 tin hiéu séng vo
tuyén (RSSI-Received Signal Strength
Indicator) cia 81 diém chuan nhu minh
hoa trong hinh 6a. Trong giai doan truc
tuyén, tién hanh thar nghiém véi 10 diém
thir (c4c chdm tron mau d6 trén hinh 6a),
chiung duoc bd tri trén mot duong chéo
trong khong gian dinh vi, dé dam bao tinh
cong bang va khach quan cho viéc thi
nghiém. Mat ludi c6 do rong 0,5 m hay
gitta cac diém chuan cach nhau 0,5 m
duoc sap xép theo cot tir 1 dén 9 va hang
tr A dén 1. Tai mdi diém chuan tién hanh
ldy 50 mau RSSI tng véi mot blp song
ciia mdi nat co dinh. Nhu vay, mdi nit cé
dinh s& thu thap duoc 50 mau x 4 bap =
200 mau (Rj). Cac dir liéu thu thap do

duoc truyén vé NGt chu, giri 18n may tinh
chu dé tao co so dit liéu.

b) Giai dogn truc tuyén: Véi tin hiéu
RSS do duogc tir dbi tuwong di dong tng
vai cac bup song (rj ), su dung thuat toan
dinh vi nhu minh hoa trong hinh 6b dé tur
d6 ude luong ra vi tri cua dbi twong.
Tham s6 lién quan dén vi tri dbi twong
thuong dugc xac dinh boi cac vecto do
Iéch hay con goi la khoang cach. Khoang
cach ¢ day duoc xac dinh la hiéu cua tin
RSS do trong giai doan tryc tuyén va RSS
dugc thu thap tir cac diém chuan trong bo
co so dir lieu. Khoang cach Euclidean la
loai hay duoc st dung ching dugc Xac
dinh nhu cong thuc (1), trong do L =81 la
cac diém chuan; N = 4 1a tong s6 bap séng
tng voi mot tram. Trong K lang giéng
gan nhat l1a nhimg diém chuan gan doi
tugng (khoang cach nho), c6 nhitng diém
xa d6i tugng (khoang cach lén). Viéc
thém trong sb cho cac diém gan dbi tuong
s& mang lai vi tri udc lugng c¢6 d6 chinh
xac cao hon, dugc goi la phuong phap
KNN c6 trong s hay WKNN. Trong sb
dugce xac dinh dua trén khoang cach tim
dugc tir (1) va duoc tinh theo cdng thac
(2). Nhu vay, véi D; cang nho thi trong sé
g vai diém lang giéng d6 cang 16n. Sau
khi khao sat thuc té voi K = 1 dén K = 10;
nhan thdy K = 4 dat sai s6 nho nhit nén
bai toan da chon véi K = 4,

Ung véi mbi tram, lya chon duoc 4 lang
giéng gan nhat, tong bai toan tim duoc 12
lang giéng gan nhat tng vai 3 tram caa hé
théng. Tur d6 xac dinh trong sé cua ting
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lang giéng gan nhit va udc lugng vi tri
dbi twong di dong theo toa do hai chiéu
xoy, dugc tinh theo (3). Trong d6 w; la

Vi i 1a tht te cac diém chudn; 7 la thi ty bup song

)i
D,

=i b )

i=1 :
Trong d6 K la s6 lang giéng gan nhat

(%.7)=w,.(x,.y,)

Ving khao sit dinh vi
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trong sé tng véi ting lang giéng gan nhat
va (xi, yi) 1a toa d6 cua céc lang giéng gan

nhat do.

Po RSS cua cac diem chuan
Tao co sa dit liéu R;

(1)

[ /

2) :
Vi tri muc tiéu (x.y)
Do gia tr] RSS tai vi tri ciia muc tiéu r;
3) Khoang cach Euclidean D; dwoc tinh tir

cong thire (1)

Tim K NNs dua trén D;
Xac dinh trong so w; theo cong thirc (2)

...........

_io_i_| | Udc lugng vi tri
; ‘

V1 tri mue tiéu duge xac dinh tir
cong thire (3): (£, )

Thuat toan
dinh vi

0,5m

4m

RSSE 1 True tuyén

a) Hé dinh vi theo phirong phdp déu vén tay

b) Thudt toan dinh vi

Hinh 6. Hé dinh vi theo phwong phap DVT (a)

va lwu do thuat toan K lang

Két qua uée luong dat duoc sai s6 trung
binh 12 0,75 m; sai s6 nho nhat 1a 0,11 m
va sai s6 16n nhat 12 1,9 m. Cung kich ban
nhu trén, néu st dung phuong phép giao
goc ¢6 sai 6 trung binh 12 1,1 m, néu sir
dung phuong phap giao khoang cach co
sai sb trung binh 1a 1,64 m. Nhu vay,
phuong phap dau van tay cho két qua sai
s6 dinh vi trung binh nho nhat.

Hé théng duoc danh gia thong qua viéc so
sanh sai sb hé thdng dinh vi dé xuat voi
céc cong bd khac co lién quan dugc thé
hién trong bang 1. Trong qua trinh so
sénh, s& dua trén phuong phap dinh vi, s6

giéng gan nhat c6 trong s6 (b)

lugng tram va khong gian dinh vi dé co
duoc sy danh gid khach quan. Di voi
phuong phap dinh vi diu van tay con phai
dua trén co so dit liéu ma dac trung 1a do
day cua ludi diém chuan khao sat. Do do,
chi s6 danh gia duoc xac dinh théng qua
ty sd gitra sai sb trung binh va ving dién
tich khao sat (SSTB/A), néu chi sb cang
nho hé thong cang dat chat luong tét.

So véi cac cong bd [20] téc gia nhan thiy
rang két qua hé thong dinh vi dé xuat hiéu
qua hon khi xét trén cung phuong phap.
Nghién ciu [21] va [22] ¢6 wu diém ciu
hinh don gian vi hé théng chi sir dung duy
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nhat mot tram. Tuy nhién, ving dinh vi s&
khdng thé mé rong hon nén chi s dung
trong cac phong hep. So véi hé théng dinh
vi dé xuat va hai nghién ctu trén c¢6 ludi
diém chuan nhu nhau déu 1a 0,5 m. Cong
bd [22] st dung SA buic xa ngang vé hai

phia, do d6 trong hé théng phai gian thém
man chian tir phia sau, tranh gay hién
tuong da duong nhu vay cau trdc phuc tap
hon. Cong bb [21] st dung anten SA
Hive5 bap song rong, géc phan cuc tron
hep nén sai s6 con dat & muc cao.

Bang 1. So sanh véi cac cong bd cé lién quan trén thé gi¢i

Nghién cieu| Tham | Phwong phap | Thuat Phan cieng SSTB| A | SST
sb todn [gg tram|  Anten (m) | (m% | B/IA

[20]; 2011 | RSS DVT MinMax 6 ba hudng 1,22 |32,26| 0,037
[21]: 2013 | RSS | DVT; Lu¢i05m| ANN | 1 |SA(5phinta)| 0.99 | 28 | 0,035
[22]; 2017 | AOA | DVT; Lu6i 0,5m| KNN | 1  |SA (10 phanti)| 0,85 | 14 | 0,061
Pé xust | RSSI | DVT; Lu6i 0,5m| WKNN| 3 |SA (4phanti)| 0,75 | 32 | 0,023

SSTB: sai so trung binh; DVT: ddu van tay; A: dién tich viing dinh vi;
ANN: mang noron nhan tao; WKNN: K lang giéng gan nhdt c6 trong so

4. KET LUAN

Trong bai bao nay chiing t61 da trinh bay
anten théng minh c6 bup séng hinh dai
quat tai tan sé 2,45 GHz. Dya trén anten
thdng minh d& xuit, da tién hanh thi
nghiém hé dinh vi ba tram dua trén chuan
IEEE 802.15.4. Bai b&o da sir dung
phuong phap dau van tay va thuat toan
dinh vi K lang giéng gan nhat c6 trong sd.
Sai s6 dinh vj trung binh dat 0,75 m trén
dién tich vang dinh vi 32 m? Véi ciu

hinh ba tram dé& xuét, hé théng dinh vi c6
thé d& dang mo rong duoc ving khong
gian dinh vi bang cach dich chuyén céac
tram. That vay, can cit vao hé sd ting ich
9,8 dBi cua SA, can cur vao RSSI khao sat
trong moi truong trong nha, nén nhidu
nho -80 dB, phwong trinh truyén séng va
du tro khi dbi twong st dung anten mach
in c6 hé sé tang ich thap thi vang dinh vi
tdi da cua hé théng 1én t6i 173 m? Gng véi
cong suat phat 18 dBm cua nat cam bién.
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