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GIAI PHAP MG1 CHO DINH VI VO TUYEN TRONG NHA

SU' DUNG ANTEN THONG MINH

A NOVEL SOLUTION FOR INDOOR WIRELESS LOCALIZATION USING SMART ANTENNAS
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TOM TAT

Bai bao trinh bay vé mot dé xuat méi cho hé thdng dinh vi déi tugng trong
nha skt dung anten thdng minh. Hé thang dinh vi vd tuyén st dung mot tram
v tuyén tich hgp anten thong minh gom 7 bip séng. Phuang phdp udc lugng
ddi tugng trong hé thong dua trén dau van tay. Bai bdo dé xuat khao st cong
sudt phat clia tram sao cho hé thdng ¢ thé gidm bét nhiéu da dudng mang lai
do chinh xac cao cho hé théng dinh vi. Hé thdng dugc trién khai thuc nghiém
trong phong cd dién tich 6mx6,5mx3,5m va dat sai so nhé t6i 0,35m.

Tirkhéa: Binh vi trong nha, anten théng minh, ddu van tay.

ABSTRACT

This paper proposes a novel indoor localization system that employs a
smart antenna. The system integrates a single anchor with a smart antenna
array consisting of seven fixed directional beams. The object estimation
method is based on fingerprinting. The paper suggests investigating the
transmit power of the base station to reduce multipath interference, thereby
improving the accuracy of the localization system. The system was
experimentally deployed in a room 6mx6.5mx3.5m. Experimental results
demonstrate that the proposed system achieves a mean localization error as
low as 0.35 m.

Keywords: Indoor localization system, smart antenna, fingerprinting.
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1. GIGI THIEU CHUNG
Céng nghé dinh vi trong nha ngay cang dugc Ung
dung réng rai trong cac mdi trudng hep nhu nha kho, nha
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may, bénh vién, siéu thi, bdo tang, thu vién... dé€ hd trg
robot va thiét bi théng minh xac dinh vi tri, dan dudng va
thuc hién nhiém vu tu dong [2]. Tai bénh vién, dinh vi
giup theo doéi bénh nhan, dinh vi bac si, y ta, thiét bi y té
nham nang cao hiéu qua cham soc va xt ly khan cap [3].
Trong thuong mai, dinh vi hé trg quan ly hang héa, xac
dinh vi tri khach hang dé ca nhan héa quang céo. G cac
khéng gian coéng cdng, cong nghé nay giup ngudi gia,
ngudi khuyét tat, tré em dé dang tim dudng. TU nhing
nam 2000, dinh vi trong nha con dugc nghién ctiu dé tim
kiém vat dung ca nhan nhu chia khéa, kinh, tha cung [5].
Trudc nhu cau Ién, nhiéu tap doan nhu Apple, Google,
Microsoft, Fujitsu va cac vién nghién cdu nhu NICT (Nhat
Ban) da tich cuc dau tu phat trién linh vuc nay [5].

Theo IDTechEx, tir 2014 dén 2024, hé thong dinh vi
trong nha trén thiét bi di ddng va dinh vi thai gian thuc
dugc tiing dung rong rai, trong dé linh vuc y té chiém 61%,
con lai la cdng nghiép, ndng nghiép, logistics, quan su,
gido duc,... [6]. Giai doan 2017 - 2022 dugc du bao la thai
ky bung né clia cac dich vu dinh vi trong linh vuc loT, véi
su tham gia ca nhiéu tap doan I6n nhu Cisco, Google,
Apple, Microsoft, IBM, Qualcomm, Oracle, AT&T... Theo
Briteyellow, thi trudng phan mém dinh vi trong nha cé
thé tang truéng +42% vao ndam 2022. Medium cho biét s
ngudi dung thiét bi tich hop dinh vi da tang tur 123 ty lugt
(2013) 1én 242 ty lugt vao nam 2018 [7].

Dinh vitrong nha dua trén song vo tuyén la cong nghé
dugc uu tién phat trién nhd su phé bién cla cac thiét bi
thu - phat RF tich hgp trong cac thiét bi dién td, dac biét
trong nha théng minh, thanh phé théng minh va céac
khéng gian cédng céng. Song vé tuyén cé uu diém la kha
nang xuyén vat can tot va hién dién rong nha ha tang
truyén thong khéng day ngay cang phat trién [1].

Theo khao sat ctia Christian Esposito [8] cac cong nghé
dinh vi dua trén RF chiém 66% thi phan (Wifi 24%,
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Bluetooth 17%, Zigbee 8%, RFID 7%, UHF 4%, két hop
6%), vugt troi so vsi hong ngoai (9%), UWB (6%), GPS
(4%), cong nghé anh va ti trudng (1%). Cac hé théng dinh
vi trong nha thudng tan dung ha tang sén c6 nhu Wifi,
Bluetooth, RFID, Zigbee, UWB [9-11]. D& tang dd chinh
xac, chung thudng dugc két hop véi cac cdm bién nhu
con quay héi chuyén, cdm bién tu, gia téc, budc chan,
hudng va la ban [12].

Cac hé thong dinh vi trong nha thudng st dung céac
tham sé nhu cudng d6 tin hiéu nhan dugc (RSS), thai gian
dén (ToA), d6 léch thgi gian dén (TDoA) va géc dén (AoA).
Trong do, ToA va TDoA cho db chinh xac cao, it bi anh
hudng bdi tin hiéu da duong, nhung doi hoi thiét bi
chuyén dung nhu d6ng bé thu-phat, bang thong rong va
dé phan gidi thai gian cao, dan dén chi phi trién khai Ion
[17-21]. Ngugc lai, RSS va AoA ¢6 uu diém la don gian, dé
trién khai vdi thiét bi phd théng. Cac thiét bi vé tuyén hién
nay thudng tich hgp san chic nang do RSS/RSSI, con AoA
yéu cau anten dinh huéng hodc anten théng minh dé
phan biét goc dén. Két hgp RSS va AoA gilp nang cao do
chinh xac dinh vi: (1) Anten théng minh véi vung pha nhé
tang dé phan gidi goc (AoA); (2) Phuong phdp
fingerprinting dua trén RSS la gidi phap hiéu qua trong
moi trudng phuc tap.

Hinh 1. Truyén nhan tin hiéu vo tuyén trong méi trudng trong nha

Trong méi trudng trong nha, tin hiéu vé tuyén thuong
chiu anh hudng manh bdi hién tugng da dudng, gém céc
thanh phan phan xa, khic xa va nhiéu xa nhu minh hoa &
hinh 1. Tin hiéu truyén thang thudng manh nhat, trong khi
céc tin hiéu da dudng yéu hon va dé bi lan véi nhiéu nén.
Khi gidm cong suat phat xuéng muic gidi han, cac thanh
phan da dudng c6 thé bi triét tiéu, giup thu dugc tin hiéu
cha yéu tir dudng truyén thang. Trén co s d6, bai bao dé
xuat mot hudng ti€p can mdéi: khao sat anh hudng cua
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cOng suat phat téi do chinh xac dinh vi. Thong qua kich ban
th nghiém va phan tich thuc nghiém, bai bao cho thay do
chinh xac ctia hé théng dinh vi c6 maéi tuong quan truc tiép
vGi muc cong suat phat clia bo phat vo tuyén.
2. PHUONG PHAP DINH VI DUA TREN PHAN TiCH MAU
Viéc mé hinh héa chinh xac qua trinh truyén séng
trong moi trudng trong nha la thach thic do su ton tai
cla nhiéu loai nhiéu vO tuyén. Phuong phap
fingerprinting dugc danh gid cao nho kha nang dinh vi
chinh xac ma khong yéu cau phan cing chuyén dung.
Phuong phéap nay tan dung cac thiét bi phé bién nhu
access point, router, NICs, hodc dién thoai thong minh va
dua trén cac tham s6 nhu cudng d6 tin hiéu RSS, dia chi
MAC, va SSID. Fingerprinting cé thé dugc két hop vai cac
tham s6 dinh vi khac nhu ToA, TDoA hodc AoA nham
nang cao hiéu suat va do chinh xac ctia hé théng.
Trién khai hé théng dua trén fingerprinting dugc chia lam
2 giai doan [19] nhu hinh 2: giai doan thu thap va huan
luyén (training, off-line) va giai doan tinh todn udc lugng
vi tri d6i tugng (online) [19, 20].

Off-line On-line
— Vi tri wéc
Vung’ hao lwgng
sat

Vi tri diém
chuan cua

! Tin hiéu do
lwéi M diém

Thuét toan

CSDL Fj(xj:¥));  =1+M
dinh vi

j*t
RSS;

Hinh 2. Hé dinh vi theo phuong phép fingerprinting

(1) - Giai doan huan luyén, thu thap dir liéu
(training, off-line):

- Tao ludi diém chuan dé thu thap co s¢ dir liéu (CSDL)
ng v6i mot hé toa dé ban dau. Lugi diém chuén
(Reference Point-RP) cang day cho d6 chinh xac cang cao,
tuy nhién danh déi la thoi gian cong suc thu thap dir liéu
nhiéu, khéi lugng tinh toan I6n va mat thai gian.

Bang 1. Cac tham s6 dinh vi off-line clia phuong phap ddu van tay

Vi tri cia M diém chuan

F1(X1IY1)
FZ(XZIyZ)

Thong tin RSS ciia N tram

RSS, = {rSSm JSS2F1,. ., I’SSN,H}

RSS, ={rSS1,Fz L1522 ,...,I'SSN,FZ}
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Fj (xj,yj) RSSJ- ={|’SS1,F],|’SSZ,F],...,TSSN,Fj}

RSSy :{r551, Ry 11SS2, 5y s -« TSSN, F, }

FM(XMIyM)

- Thu thap tham s6 vi tri RSS hay RSSI. Cang nhiéu mau
cho méi diém chudn thi d6 chinh xac cang cao, nhu vay

la thoi gian va tinh toan nhiéu. Gia tri ISSNF, la gia tri
cudng d6 RSS trung binh tur cac mau da do.

- C6 thé loc hodc hiéu chinh cac tham s6 do, tao CSDL
chuén héa. Tap di liéu trén méi diém chudn gém théng
tin toa dé va gia tri RSS Uing vai cac tram da biét truéc do
d6 chang con goi la ban d6 song vo tuyén [21].

(2) - Giai doan tinh toan, uéc lugng vi tri déi tuong
(on-line):

Dua trén tham sé vi tri d6i tugng do dugc RSS/RSSI
theo thaoi gian thuc do dugc
RSS; ={rss1 1SS .. ISS; ,...rssN}, sir dung cac phuong
phép, thuat toan dé udc lugng vi tri déi tuong. Viéc phan
tich, udc lugng tim ra vi tri d6i tugng c6 nhiéu phuong
phap, thuat toan khac nhau [22], ¢4 thé phan chia thanh
ba hudng ti€p can nhu: tién dinh (Deterministic), xac suat
thong ké (Probabilistic), nhan dang mau (Pattern
Recognition Techniques). Trong bai bao nay tac gia dé
xuat hudng tién dinh dé trién khai thi nghiém.

Ban chat cia qua trinh nay la udc lugng vi tri théng
qua viéc lua chon diém chuédn (Reference Point-RP) da
biét trudc va gan doi tugng, nghia la gia tri RSS do dugc
gan vaGi gia tri RSS clia diém chuan trong CSDL. D& udc
lugng tang dé chinh xac, chi lua chon K diém gan dai
tuong goi la diém gan nhat (Nearest Neighbor_NN) hoac
goi la K hang x6m gan nhat [23-25].

Tham sé lién quan dén vi tri d6i tugng thudng dugc
xac dinh béi cac vec-to d6 léch hay thudng goi la khodng
cach, do léch & day la hiéu clia RSS do trong giai doan truc
tuyén va RSS san c6 clia cac diém chuan. Xac dinh khoang
cach d6 c6 nhiéu phuong phap xac dinh khac nhau, tuy
nhién khodng céch Euclidean va Sorensen hay dugc su
dung vi tinh hiéu qua vé tinh toan cling nhu dé chinh xac,
ching lan lugt dugc xac dinh nhu céng thic (1) va (2)
[26-28] dé xac dinh K diém lan can.

N — \2 L
DJ. =\/Z i:1<rssi —ISSi,j ) ; VOI:

i—1:N,j=1+M (1)

Euclidean:

(N: s6 tram, M: s6 diém chuan)
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N
Z ) ‘rssi —ISSij
==

N
Z , 1‘rssi +155i ()
=

vOi: i=1+N,j=1+M

D. =
Sorensen:

TU K diém lan can dung cac thuat toan khac nhau dé
udc lugng vi tri nhu: tim trong s6 cdia cac diém lan can dua
trén khoang cach Euclidean (3) (K nearest neighbour-
WKNN), tim trong tam dua trén téng binh phuong
khoang cach nhdé nhat (minimizes the sum of square-
MSoS) theo (4) hay phuong phap khoang cach Minkowski
(7) vé6i k = 2. Cac gid tri gama o2 dugc khao sat ing véi
6%=5,10va 25 (Gama5, Gama10 va Gama25).

Khodng cach nhé nhat sé la vi tri can udc lugng véi
K =1, néulay K= 1 khi dé vi tri sé dugc udc tinh bang cac
phuong phép tim trong tam cla K diém nhu: trung binh
toa d6 coi K diém nhu nhau céng thic (3), binh phuong
khoang cach nho nhat nhu cong thic (4).

w3)-[ 3 5%

j=1 j=1

K
()“(,)“l)zargminZ[()“(—xj)z+(§/—yj)2] (4)

j=1
Trong K diém lan can, c6 nhiing diém gan déi tugng
(khoang cach nhd), c6 nhimng diém xa déi tugng (khoang
cach 16n). Do d6, thém trong s6 cho cac diém gan hon sé
mang lai vi tri uSc lugng tét hon hay giam sai s6 vi tri.
Trudng hop nay goi la phuong phap KNN c6 trong s6 hay
WKNN (Weight K Nearest Neighbor). M6t trong cac cach
tinh trong s6 c6 thé can cl vao khoang cach tim dugc &
trén va dugc xac dinh theo cdng thuc (5), ti d6 udc lugng

vi tri d6i tugng theo céng thiic (6).

R 1,2,3..K
w=——",j=123..]
X (o) ®
j=1
(%9)=w,.(x;y)) (6)
Wi:exp(_llx_zxi”k) (7)

o

Tham s6 K = 1 thuong khéng dat dugc d6 chinh xac
t6t nhat, K sé bién déi theo mau va theo kich ban, do vay
K dugc Iua chon theo thuc nghiém dé sai s6 dinh vila nho
nhat [29]. Hoac K dugc khao sat theo phan b sai s6 va
dugc chon Uing vdi sai s6 nho nhat hodc sai s6 nhé va K
nhd dé gidm qua trinh tinh toan cho hé théng [27].
Phuang phap WKNN chiém uu thé véi s6 tram nho, rdi
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rac, RADAR la hé théng néi tiéng da sir dung phuong
phap nay [24, 30].

3. CAU HINH HE THONG DPINH VI SU DUNG ANTEN
THONG MINH

3.1. Cau hinh hé théng dinh vi dé xuat
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#i = 0+6: la viang phu ong véi cac bap caa SA

Hinh 4. Ludi 196 di€ém chuan va 25 diém thi trong hé dinh vi

Hé thong dugc 1ap dat thir nghiém tai phong 413 nha
C1 Trudng Pai hoc Bach khoa Ha Néi nhu hinh 3, hé théng
st dung anten théng minh da dugc nhém tac gia dé xuat
trong [31], dugc |13p dat trén tran cta phong thi nghiém
nGi véi bd RB411-UAHR va n6i véi may tinh chl. Phuong
phap dua trén CSDL ctia 196 diém trong Iugi va 25 diém
th& nhu hinh 4. M&i diém Iay 30 mau tng véi 7 bup cla
anten théng minh SA, nhu vay CSDL gom tap dit liéu RSS
clia 196 diémx(30 maux7 bup). Trong muc nay, phuang
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phap fingerprinting dugc ap dung theo hudng tién dinh,
déi tugng dugc tich hop anten phan cuc tron TDAA
(Three-dimensional Dipole Antenna Array). Déi tugng
dugc tich hop anten TDAA phan cuc tron réng, lam kha
nang thu la t6t nhat trong diéu kién méi trudng phic tap:
nhiéu dé trong phong, ngudi qua lai lién tuc va cé nhing
thay d6i bién dong.

3.2. Kich ban thi nghiém hé théng dinh vi véi céng
suat phat cua tram khac nhau

Trong kich ban nay, hé s6 tang ich cta SA la 9,8dBi
dugc dat trén tran cta phong C1-413 véi kich thudc
6X6,5x3,5m* nhu hinh 3, khodng cach xa nhat tu tram
dén gbc phong la 6m. Theo céng thic Friis [32] véi trudng
hop khéng xét tén hao, véi khodng cach 6m, mudn céng
suat nhan dugc -40dBm thi céng suat phat clta tram &
muc 5dBm. Néu khong xét dén anh hudng cla cac tin
hiéu da dudng, déi tuong thudc ving nao sé nhan dugc
RSS manh & vung dé tuong Ung véi bup phat tin hiéu cla
SA. Néu nang lugng bi phan tan khéng theo ving sé rat
kho xac dinh vi tri doi tugng hay dan dén sai s6 16n trong
xac dinh vi tri. D& danh gia so bd hé théng, c6 thé quan
sat phan bé mat dé nang lugng thu dugc khi tram phat
tin hiéu. Tién hanh do cudng d6 séng vé tuyén RSS tai cac
vi tri ctia 196 diém chudn, méi diém do 30 mau dé tao
CSDL. Trong muc nay sé khao sat viéc thay déi cong suat
phat clia tram & cac muc cong suat: 10dBm, 5dBm, 0dBm,
-5dBm, -10dBm nhau nham khao sat anh hudng ctia cong
suat phat dén mat do nang lugng séng dién ti va do
chinh xac ctia hé dinh vi.

Mat d6 nang lugng thuc nghiém do dugc cho tung
trudng hgp trén dugc thé hién trong hinh 5. TU hinh 5
nhan thady ré nét nhu sau: (1) Khi cdng suat phat cang I6n
thi mat dé RSS cang cao, khi cong suat phat giam dén -
10dBm theo céng thuc Friis v&i khodng cach 6m nang
lugng thu dugc la -54dBm. Tuy nhién thuc té c6 nhiéu
diém RSS thu dugc trong dai tir -80dBm dén -90dBm gén
vGi nén nhiéu clia truong dién ti. Khong nhiing thé, khi
xét cad 7 vung, nhiéu mién rai vao vung chét (d6i tugng
khong nhan dugc tin hiéu tir bat ky bdp nao cua tram). (2)
Khi tram phat 0dBm thi 7 vung tin hiéu dugc phan biét
mot cach rd nét nhat, giao clia cac vung véi nhau khéng
toén tai vung chét nao trong toan mién khao sat. Tir d6 co6
thé két luan so bod vai cong sudt phat 0dBm sé la céng
suat du doan c6 thé mang lai két qua dinh vi t6t cho hé
dé xuat. D& kiém ching diéu nay c6 mang lai dé chinh xéc
cao hay khong cho hé théng dinh vi, muc tiép theo sé co
két qua udc lugng cho cac kich ban nay dua trén phuong
phap fingerprinting.
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RSS (dBm)

Hinh 5. Mat do RSS thu dugc (ing v6i cong sudt phat khac nhau s PR ST . K QU " ——.
3.3. Két qua udc lugng vi tri déi tuong dua trén N E Gamal0 - E Gama2$
phuong phap dau van tay 1.4 i
Khi céng suat phat dugc lua chon trong dai tir-10dBm _13%  Cong Suéat phat
dén 10dBm, cu thé véi cac trudng hop: +10dBm, +5dBm, A 5dBm
0dBm, -5dBm, -10dBm. Nhém tac gia ciing tién hanh ddy % g
da cac giai doan ngoai tuyén va truc tuyén déi véi tling ] A el §
trudng hop cla céng suat phat nhu: thu thap CSDL cua 1.0 1 —pee
196 diém, do tin hiéu ca 25 diém thi. Sau khi st dung 0.9
phuong phap fingerprinting véi cac cach tiép can tién - } :
dinh d€ nhan dang mau. Béng thdi khao sat K diém lan P
can cho tuing trudng hop cu thé nhan dugc két qua nhu 7 o 30 60 %0 120 150 180
hinh 6. K diem lan can
13 1.4 { ——E_WKNN------ E_MSoS -~~~ E_Gamas
1.4~: T E:gﬁﬂ,_m_i‘;:;;; llllll el 131 E_GamalQ -~ E_Gama2s
1.3 4 1.2 1
7 . "1 Cong suét phat E
gl'l ] Cﬁng suat phét ) EI.O- OdBm - il
= ] 10dBm . = ol
E 0.9 7 e 508 i
0.8 4 AT 0.7 4
0.7 4 06—+l
0.6 -h 5 e = N
0.5 —K-i """""""""""""""""""""""""""""""""" 0.4 -
04 . i , | ! , 0.3 IR (NRANI N RN A RN T LN U MIO R AN
0 30 60 90 120 150 180 0 30 60 90 120 150 180
K diém lin cgn K diém lan can
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1.4 4——E WKNN------ E_MSoS -----E_Gama5
1.3 E_GamalQ ==+ E_Gama25
1.2 4
1.1 Cong suat phat il
E 1.0
= -5dBm
\(8 09 -
& 0.8
0.7 4
0.6 4
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P dd
4 =
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COR Cong suét phat
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0.4 - . - T v T v r . T v T
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Hinh 6. Sai 56 trung binh theo K diém lan can ctia thudt toan WKNN

Nhan thay rang vai K trong dai tir 8 + 35 nhan dugc sai
s6 dinh vi nho nhat (nho hon 0,9m) cho moi trudng hop
céng suat phat va cac thuat toan khac nhau. Khi téi uu
hoa K bang thuc nghiém sai s6 nhé nhat cé thé dat téi
0,35m véi K = 12 trong trudng hgp tram phat 0dBm, chi
ti€t dugc thé hién trén bang 2. VGi két qua sai s trung
binh 0,35m, d6 chinh xac cao han vdi 0,72m trong trudng
hgp cong suat tram phat la 5dBm da dugc tac gia cong
b6 trudc do [31].

Bang 2. Sai 50 trung binh ctia hé thdng trong cac truong hop (mm)

Thuét toantim (ong suat phat
trongtim | 10dBm | 5dBm | 0dBm | -5dBm | -10dBm
0,45 0.79 0,38 0,444 0,484
E_WKNN
(K=19) | (K=35) | (K=12) | (K=16) | (K=25)
0,46 0.72 0,35 0,435 0,514
E_MSoS
(K=19) | (K=50) | (K=12) | (K=23) | (K=25)
0,44 0.79 0,37 0,438 0,501
E_Gama5
(K=19) | (K=35) | (K=12) | (K=16) | (K=25)
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4. KET LUAN

Bai bdo da dé xuat hé thong dinh vi vo tuyén trong
nha s dung anten théng minh véi 7 bip séng ¢é dinh.
Bai bao cling da phan tich phuang phap fingerprinting la
mot trong nhimng phuong phap phé bién dugc danh gia
mang lai d6 chinh xac cao nhat. Noi dung chinh tac gia dé
xuat giai phap mai la khado sat tin hiéu tram phat vo tuyén
dé c6 thé loai bd nhiéu da dudng cda hé théng dinh vi Vi
moi trudng trong nha phuc tap. Két qua thuc nghiém cho
thay giai phap da chon céng suat phat 0dBm thi hé thong
dat do6 chinh xac cao vugt troi vdi sai s6 trung binh xuéng
tGi 0,35m trong khong gian dinh vi la phong thi nghiém
6mMx6,5mx3,5m tai phong 413 nha C1 Dai hoc Bach khoa
Ha Néi. Viéc dat dugc sai s dinh vi trong nha & muic 0,35
mét bang cong nghé Wi-Fi cho thay mét budc tién dang
ké vuat xa dé chinh xac théng thudng cla cac hé théng
Wi-Fi truyén thong. D6 chinh xac nay tiém céan vdi cac
céng nghé dinh vi chinh xac cao nhu UWB, trong khi van
tan dung dugc ha tang Wi-Fi sdn ¢, tir d6 mang lai giai
phap hiéu qua vé chi phi va kha nang ma rong. Két qua
nay cho thay tiém nang ting dung réng rai trong cac linh
vuc doi hai dinh vi chinh xac dugi mét, nhu dan dudng tu
dong, gidm sat tai san va méi trudng théng minh. Cac
nghién clu ti€p theo sé tap trung vao nang cao dod én
dinh trong diéu kién méi trudng bién déng va t6i uu hoa
thuat toan xu ly tin hiéu nham dam bao hiéu suat 6n dinh
trong trién khai thuc té.
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