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Tém tit

Trong boi canh chuyén doi s6 manh mé trong linh
vuee logistics va quan Iy kho, hé théng dinh vi trong
nha (Indoor Positioning System - IPS) ngay cang
nhdn dwoc sw quan tam nho kha nang hé tro giam
sat, theo doi va toi wu héa hoat dong. Thong qua
viéc tong hop va phén tich cdc nghién ciru trude
ddy vé hé thong dinh vi trong nha, nghién ciru nay
tap trung xdy dwng mot hé thong dinh vi trong nha
ba chiéu dwa trén cong nghé bang thong siéu rong
va danh gia dg chinh xdc ciia hé thong qua cdc chi
56 vé sai s6 va do 1éch chuan. Két qud thuc nghiém
trong méi truong kho cho thdy hé théng dat do
chinh xac o mirc decimet, voi sai s6 RMSE trén
mdt phing ngang (x, y) dao déng tir 0,15m dén
0,3m, thé hién tinh én dinh cao. Nghién ciru hirong
1Gi phat trién mét gidi phdp dinh vi trong nha hiéu
qua, don gidan véi chi phi thdp,; dong thoi dé xudt
cdc hwéng cdi thién hiéu sudt IPS trong méi
truong cong nghiép phic tap.

Tw khoa: Hé théng dinh vi trong nha ba chiéu,
bang thong siéu rong, kho, logistics.

Abstract

In the context of strong digital transformation in
logistics and warehouse management, the Indoor
Positioning System (IPS) is receiving increasing
attention thanks to its ability to support
monitoring, tracking, and  operational
optimization. Through the synthesis and analysis
of previous studies on indoor positioning systems,
this research focuses on developing a three-

dimensional indoor positioning system based on
Ultra-Wideband ~ (UWB)
evaluating its accuracy using error metrics and

technology  and

standard deviation. Experimental results in a
warehouse environment showed decimeter-level
accuracy, with RMSE on the horizontal plane (x,
y) ranging from 0.15m to 0.3m, demonstrating
high stability. The study aims to develop an
efficient, simple, and cost-effective indoor
positioning  solution, while also proposing
directions to improve IPS performance in complex
industrial environments.

Keywords:  Three-dimensional indoor

positioning system, ultra-wideband, warehouse,
logistics.

1. Mé dau

IPS (Indoor Positioning System), viét tit cia Hé
théng dinh vi trong nha, 1a m§t hé théng duoc thiét ké
dé xac dinh vi tri ctia cac ddi tuong nhu hang hoa, thiét
bi va con nguoi trong cac khu vic ma hé thong dinh
vi vé€ tinh (nhu GPS, Galileo, Glonass) khong thé hoat
ddng hiéu qua hodc khong cung cip du do chinh xac
nhu trong céc tda nha, nha kho,...

Trong bdi canh thuong mai dién tur, logistics va
chudi cung tmg ngay cang phat trién, yéu cau vé tdi
uu hoa quan 1y kho hang dang trd thanh yéu t6 quyét
dinh ning lyc canh tranh cua doanh nghiép. Hé thong
dinh vi trong nha 1a mot trong nhiing giai phap cong
nghé véi tiém ning gdp phan nang cao hi¢u qua quan
ly thong qua viéc theo doi vi tri chinh xac cla hang
hoa, tdi uu hoa hoat dong van chuyén, ldy hang, nhap
xuét kho, tir 6 giam thiéu thoi gian va chi phi lao
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dong, tang cuong kha ning kiém soat, an toan va an
ninh kho hang, dac biét v6i cac mat hang gia tri cao
hodc can bao quan dic biét, hd tro ra quyét dinh diéu
hanh va hoach dinh kho thong minh, huéng téi mo
hinh kho hang s6 hoa trong twong lai [1].

Tuy nhién, hau hét cic nghién ciru vé& hé thong
dinh vi trong nha con dang gdp it nhat mot trong cac
nhuoc diém sau: chi phi cao, trién khai phtc tap, pham
vi hoat dong han ché, d6 chinh xéac thép (>£3m). Déng
thoi, s6 lwong nghién ctru vé hé théng dinh vi trong
nha 3 chiéu & Viét Nam cling con han ché. Vi vay, thiét
ké mot giai phap dinh vi ba chiéu trong nha chi phi
tha‘ip, dé van hanh va hoat dong hiéu qua la cép thiét,
dac biét & Viét Nam véi 98% cac doanh nghiép c6 quy
moé vira va nho va gip nhidu rao can vé chi phi [2].
Bai bao s& tong hop cac nghién ciru lién quan dén xay
dung hé théng dinh vi trong nha trong qua kht, so
sanh cac vu diém va nhugc diém cia cac cong nghé
va thuat toan dinh vi dugc st dung trong hé théng dinh
vi trong nha, qua d6 phat trién mot giai phap dinh vi
hiéu qua v&i chi phi téi wu tng dung céng nghé bang
thong siéu rong va cac thiét bj nhu Raspberry Pi Pico
va bo mach phat trién UWB Ai-thinker BU-03

Bai bao dwoc ciu triic nhu sau: Phan 2 sé& tong hop
cac nghién ciru trude do vé hé théng dinh vi trong nha.
Phan 3 trinh bay thiét ké hé thong. Phan 4 trinh bay
két qua thi nghiém va Phan 5 dua ra két luan.

2. Téng quan vé hé thong dinh vi trong nha
2.1. Cong nghé

Cong nghé nhan dang bang séng vo tuyén (Radio
Frequency Identification - RFID) 1a hé thong sir dung
song vo tuyén dé nhan dang va theo dai ddi twong tir
xa. Trong d6, RFID bi dong chu yéu phuc vu kiém
soat nguoi va hang hoa ra/vao véi chi phi thap, tuy
nhién tdm hoat dong han ché va khong thé cung cép
thong tin vi tri chinh xac [1]. RFID cht dong cai thién
duoc pham vi va d6 chinh xac hon (ttr £0,5-1 m) [3],
song chi phi déu tu va bao tri cao, dong thoi tin hiéu
d& bi suy hao trong méi trudng kim loai hodc 4m uét.
Wi-Fi 1a cong nghé mang khong day phd bién, ¢6 wu
diém tan dung ha tang sin c6 va ving phi rong, nhung
d6 chinh xac thap (khoang +5-15 m) [1] va chiu anh
huéng 16n tir nhidu moi truong, khién kha ning dinh
vi chi tiét bi han ché. Bluetooth nang luong thép
(Bluetooth Low Energy - BLE) la cong nghé truyén
thong khong day ti€u thu dién ning thfip, duoc st
dung phd bién nho chi phi ré, trién khai don gian va
tuong thich v&i nhiéu thiét bi di dong, tuy nhién do
chinh xac chi & muc trung binh va khong dap ung
duogc cac yéu cau dinh vi thoi gian thuc voi sai s6 nho.
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Khic phuc nhiing han ché trén, cong nghé bang thong
siéu rong (Ultra-Wideband - UWB) ndi bat nhu mot
giai phap IPS tién tién. UWB 1a mot ky thudt truyén
thong khong day sir dung cac xung tin hiéu rat ngin
(vai nano-gidy) vadi bang thong 16n (thuong trén 500
MHz). Céng nghé nay hoat dong trong dai tin tir
khoang 3,1 GHz dén 10,6 GHz v&i mirc cong suat phat
thip nham han ché gy nhidu dén cic hé théng vo
tuyén khac. Nho dic tinh nay, UWB cho phép truyén
dir liéu va do khoang cach voi d§ phan giai thoi gian
rat cao, tir d6 dat d6 chinh xac dinh vi cao, do tré thép
va it bi anh hudng béi nhiéu da duong. Mic du cong
nghé nay ciing ton tai mot s6 han ché nhu chi phi déu
tu va do phuc tap trién khai cia UWB con tuong ddi
16n song cdng ngh¢ nay dac biét phu hgp cho céac ung
dung doi hoi do chinh xac cao nhu theo ddi hang hoa
gid tri, robot tu hanh va tu dong hda kho logistics, qua
do khéng dinh vai tro vuot troi cuia UWB so vdi cac
cong nghé IPS truyén thong.

Cac nghién ctru st dung cong nghé bang thong
siéu rong UWB cho thdy wu diém 16n vé do chinh xac
cao. Alarifi va cong su [4] da thuc hién mot nghién
clru téng quan toan dién vé cic cong nghé dinh vi
trong nha, trong d6 UWB dugc danh gia 1a gidi phap
¢6 do chinh xac cao nhét (vai centimet), phtt hgp cho
moi truong cdng nghiép noi tin hiéu Wi-Fi va BLE
thudng bi nhiéu. Tuy vdy, nhom tac gia chi ra ring chi
phi dau tu ban dau cho thiét bi UWB va yéu cau dong
b thoi gian giita cac diém neo (anchors) khién cong
nghé nay kho pho bién trong tmg dung thyc té. Tiép
nbi hudng nghién ctru nay, bai bao [5] da phat trién
mot hé théng dinh vi thoi gian thue sir dung UWB két
hop thuat toan hoc may (machine learning) cho quan
Iy kho hiéu qua. Hé thong nay sir dung cac thé (tags)
va diém neo (anchors) ty ché tao, cung thuat toan
Time of Flight (ToF) va bo loc Kalman dé dinh vi hiang
hoa va phuong tién di chuyén. Két qua cho thdy do
chinh x4c dat mirc centimet, déng thoi c¢6 kha nang
tryc quan hoa 3D vi tri cia dbi tugng trong kho. Tuy
nhién, han ché chinh ciia mé hinh 1a chi phi phan ctmg
cao va ciu hinh hé théng phuec tap, kho trién khai dai
tra trong kho hang vira va nho. Trong khi d6, nghién
ctru [6] da dé xuat hé thdng dinh vi két hop UWB va
thiét bi ddn duong quan tinh (Inertial navigation
system - INS) v6i muc tiéu giam chi phi trién khai.
Thay vi sir dung ba diém neo UWB nhu thong thudng,
hé théng nay chi can mot diém neo duy nhét 6 vi tri
chua xac dinh, sau d6 dung dir liéu cam bién quan tinh
dé ude lugng vi tri neo trong giai doan khdi tao. Két
qua cho théy sai s6 dinh vi dat dudi 1 m, déng thoi
giam hon 80% chi phi so v6i hé théng UWB truyén
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thdng. Tuy nhién, hé thong van ton tai d6 tréi cam bién
(sensor drift) va phu thudc vao do chinh xac ban dau
cua phép udc lwong INS.

2.2. Dir liéu dinh vi

Cac nghién ctru hién nay thuong phan loai dir liéu
dinh vi thanh 3 nhém chinh: Dt li€u dya trén thoi gian,
dir liéu dya trén cuong do tin hi¢u va dit li¢u dya trén
gobc.

Trong do, cac phuong phap dua trén thoi gian nhu
Time of Flight (ToF), Time Difference of Arrival
(TDoA) va ToA (Time of Arrival) dugc str dung rong
rdi nho kha nang cung cp do chinh xac cao. Nguyén
1y chung cua cac phuong phap nay 1a do thoi gian
truyén cua tin hidu giira thiét bj phat va thiét b thu, tir
d6 suy ra khoang cach dya trén van tdc lan truyén cuia
song [7]. Cu thé, ToA do truc tiép thoi gian tin hiéu
truyén tir bd phat dén bo thu, trong khi TDoA khai thac
su chénh 1éch thoi gian tin hiéu dén nhiéu anchor dé
xac dinh vi tri thong qua cac duong hyperbol [8]. Cac
nghién ctru chi ra ring nhoém phuong phéap nay dat do
chinh xac cao (thdm chi & mirc centimet khi két hop
v6i UWB), tuy nhién yéu ciu dong bo thoi gian chit
ch& hodc ha tang phan cting phirc tap [9].

Nguoc lai, dit liéu dua trén cuong d6 tin hiéu thu
nhan (Received Signal Strength Indicator - RSSI) dugc
sir dung phé bién nho chi phi thap va dé trién khai.
RSSI uéc lugng khoang cach dua trén suy hao cong
suat tin hi¢u trong moéi truong truyén dan [10]. Tuy
nhién, nhiéu nghién ctru chi ra ring d¢ chinh xac ciia
RSSI thuong bi 4anh hudng manh boi nhiéu da duong
va suy hao tin hiéu, dac biét trong moi trudong kho
logistics ¢ nhiéu vat can kim loai; dan dén sai sb 16n
hon so v6i cac phuong phap dua trén thoi gian [11].

Ngoai ra, dit li€u dinh vi dya trén goc thuong
dugc sir dung dé cai thién do chinh xac trong cac hé
théng dinh vi trong nha. Phuong phap tiéu biéu la
Angle of Arrival (AoA), trong d6 vi tri cua doi
trong dugc xac dinh dya trén goc dén cua tin hiéu
tai cac anchor. Thay vi do khoang cach nhu ToF hay
RSSI, AoA sir dung cic méang dng-ten dé ude luong
hudng truyén cua song, tir d6 xac dinh vi tri thong
qua giao diém cua cac tia goc [7]. AoA cho phép
dinh vi véi it anchor hon, nhung doi hoi phan cting
ang-ten phuc tap va dit tién [4].

Trong bdi canh do, dit liéu ToF dugc lya chon
lam co s& cho nghién cru nho d6 chinh xac va tinh
on dinh cao. ToF do truc tiép thoi gian lan truyén
tin hiéu (thuong két hop voi UWB), cho phép tinh
khoang cach véi sai s6 & mirc centimet dén decimet
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trong moi truong trong nha [5]. So véi ToA, ToF
giam yéu cau dong bo hoa nho ky thuét do hai chiéu
(Two-Way Ranging) [9]. Pong thoi, so voi TDoA
va RSSI, ToF it bi anh huéng boi nhidu da duong
va suy hao tin hi¢u, phu hgp vdi moi truong
logistics phuc tap [4].

2.3. Thudt todan dinh vi

Thuat toan dinh vi dong vai tro trong viéc chuyén
dbi dir liéu do luong (khoang cach, thoi gian, cuong
d6 tin hiéu) thanh toa d6 vi tri thyuc té cua dbi tuong.
Céc nghién ctu hién nay phan loai thuat toan dinh vi
thanh hai phuong phap chinh: Phuong phép dua trén
dt liéu va phuong phap hinh hoc.

Thuat toan Fingerprinting dai dién cho nhom
phuong phap dya trén dir li¢u. Phuong phép nay xay
dung mét co sé dir liéu tin hi¢u trong giai doan offline,
sau d6 so khop dir liéu do duoc trong thoi gian thuc
dé tim ra vi tri cua ddi tuong [9]. Fingerprinting c6 wu
diém 1a hoat dong tét trong méi truong phirc tap, noi
cac mO hinh toan hoc khé mo phong. Tuy nhién,
nhuoc diém 16n 14 chi phi xdy dung va duy tri co s&
dir 1iéu cao, déng thoi d6 chinh xac 6 thé suy giam
khi méi truong thay doi [7].

Nhom phuwong phap hinh hoc bao gdm
Trilateration (Pinh vi 3 diém) va Multilateration
(Pinh vi da diém), trong d6 vi tri dugc xac dinh dua
trén quan hé hinh hoc giita d6i tuong va cac anchor.
Trilateration sir dung khoang cach tir it nhat ba hoic
b6n anchor dé xac dinh vi tri théng qua giao diém ctia
cac duong tron hodc mit cau. Day 1a thuat toan phd
bién nhét do tinh don gian, d& trién khai va phu hop
v6i cac hé thong sir dung dit liéu khoang cach nhu ToF
hodc RSSI [4]. Trong khi d6, Multilateration 1a sy mé&
rong cua Trilateration, sir dung nhiéu phép do hon
(TDoA hoic ToA) dé cai thién d6 chinh xac théng qua
cac phuong phap t6i wu nhu binh phuong t6i thiéu.
Céc nghién ctru cho thdy khi két hop vdi cac cong
nghé dinh vi ¢6 d¢ chinh xac cao nhu UWB hoac BLE,
Trilateration c6 thé dat sai s6 & murc decimet, dap ing
t6t yéu cau trong kho bii va cang bién [9]. Do do,
Trilateration dwoc xem 1 Iyra chon phit hop nhdm dam
bao su can bang giita dd chinh xac, chi phi trién khai
va kha ning tmg dung thyc tién trong cac hé thong
dinh vi trong nha.

3. Thiét ké hé thong

H¢ théng bao gdm 2 phan chinh: Phan ctmg bao
gbm 2 loai thiét bi: Cac tag gin trén cac myc tiéu can
dinh vi va anchor gfm & cac vi tri ¢b dinh trong kho,
Phan mém bao g6m server nhan dir liéu dinh vi tir cac
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tag va dashboard dé giao tiép v6i ngudi dung. Tong
quan qué trinh hoat dong cua hé théng duoc thé hién
o0 Hinh 1 va 2.

3.1. Nguyén ly dinh vi

/ Khoi dong hé thong, céﬁ
N nguon tag va anchor
B o

pdps et

Nguoi ding Tag nhén dir li¢u
nhap kich khoang cach, chuyén
thude kho va dén Broker HiveMQ
vi tri anchor I
trén dashboard Server backend nhéan
dir li¢u khoang cach
tr Hive MQ

FE—

Server backend tinh toan
toa d¢ tag

Dashhoard‘hién thi toa d¢|
ba chiéu cua Tag

Hinh 1. Lwu dé hoat dpng tong quan ciia hé thong

| Anchor | | Anchor
— b i
Nl Y b i
/ X { Broker [ Server 1\
Tag | { } ! backend va |
1 \ Dashboard /
N /

\ trung gian |
/

e TN /

[Anc.t;orj‘ LAncnor;

Két néi UWB

—_—

Két nbi Wi-fi
Hinh 2. So dé ciu triic ciia h¢ théng

Nguyén 1y dinh vi cua hé théng dya trén hai
phuong phap chinh 1a do khoang cach bang Two-Way
Ranging va dinh vi bang phuong phap Trilateration
(dinh vi da diém). Two-Way Ranging (TWR) 1a mot
ky thuat xac dinh khoang cach giira hai thiét bi dya
trén viéc do thoi gian bay (Time of Flight - ToF) cua
tin hiéu vo tuyén. Phuong phap nay cuc ky phd bién
trong céc cong ngh¢ dinh vi chinh xac cao nhu
UWRB vi n6 khong yéu cau céc thiét bi phai dong bd
hoa ddng hd v6i nhau mot cach tuyét dbi.

Nguyén ly ¢t 18 1a do tong thoi gian mot tin higu
di tir thiét bi A dén thiét bi B va quay tré lai. Qua trinh
do dugc thyc hién thong qua viée trao dbi tin hiéu gitta
Tag va Anchor. Cu thé, tai thoi diém 7y, Tag phat mét
tin hiéu dén Anchor. Anchor nhan tin hiéu nay tai thoi
diém Ty, sau d6 xir 1y trong mot khoang thoi gian noi
b va phan hoi lai Tag tai thoi diém 7». Cubi cing, Tag
nhan dugc thong tin phan hdi nay tai thoi diém Ts.
Dua trén céac thoi diém thu phat, ta co thé xéac dinh cac
dai lugng thoi gian nhu sau:

Thoi gian phan hdi cta Anchor:
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Treply = TZ - Tl ( 1)
Thoi gian khir hdi ciia qua trinh truyén nhén:
Tround = T3 _TO (2)

Thoi gian truyén séng (Time of Flight - ToF) dugc
xac dinh theo cong thirc:

Tround -T,
ToF =——
2

reply (3)

T d6, ta xac dinh duoc khoang cach gitta Tag va
Anchor theo cong thuc:

d =ToF xc 4)

Trong do: ¢ lavantdc anh sang, ¢ ~300000m/s.

Sau khi ¢6 dir liéu tir khoang cach, toa do cia vét

can dinh vi s& dugc xéac dinh théng qua phwong phéap

dinh vi da diém yéu cau tdi thiéu 4 mébc dinh vi véi

khoang cach xac dinh dén vat can dinh vi. Toa do cua

vét can dinh vi s& duoc xac dinh thong qua hé phuong

trinh:

X— )2+(y yl) +(z-17)*=d}
)2+(y y2) +(z-2,)" =d?
X— x3)2+(y y3) +(z2-12,)" =d?
) (y y4) +(Z_Z4)Z=df

©)

Trong dé:
(X,¥,2) :Toa do Tag can tim;
(%, V:,2) :Toa d6 Anchor thit i;
d. : Khoang cach do dugc tir Tag tdi Anchor thir i.
Dé xac dinh toa do ba chiéu cua Tag, hé phuong
trinh khoang cach phi tuyén tinh nay dugc chuyén doi
thanh mot hé¢ phuong trinh tuyén tinh c6 dang
AX =B bang cach thyc hién phép trir giira phuong
trinh cia Anchor dau tién va n—1 phuong trinh ké
tiép. Qua trinh nay giup loai bé cac hang tir bac hai
(X2, y?,z%) , tr d6 thu duoc cdc ma tran nhu sau:

=X Yo=Y 2,77

A= 2 % ys Vi 374 (6)
=X Yo=Y Z,7%
d?—d? +K,-K,
B d? —d? +K, - K, o
d?-d’+K, -K,
Trong d6 K, =x>+y?+2z? biéu dién binh

phuong khoang cach tir gc toa d6 dén Anchor thiri .
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Khi 6, vecto vi tri t6i vu X =[x,y,z]" duoc tinh
toan biang cach st dung gia nghich dao Moore-
Penrose nhu sau:

X =(ATA)'A'B ®)
3.2. Phin cirng

Hai thiét bi chinh sir dung dé c4u thanh cac tag va
anchor 1a Raspberry Pi Pico W va bo mach phat trién
UWB Bu03 cua Ai-thinker.

Hinh 3. Mt truéc va sau ciia bo mach phit trién
Ai-thinker Bu03

Bo mach phat trién UWB Bu03 Ai-thinker st dung
module UWB DW3000, véi toc do truyén dir liéu dao
dong tir 850Kbps dén 6,8Mbps, tiéu thu dién tuong
{mg tir 18,77mA dén 53,74mA qua ngudn USB type
C. Module ¢ ban kinh két ni khoang 15m trong diéu
kién nhiéu vat can va Ién téi 30m trong méi truong 1y
tuong. Module nay duoc sir dung dé do khoang cach
v6i cac module cung loai qua phuong phap TWR.

Hinh 4. Mt trudc ciia Raspberry Pi Pico W 2022

Raspberry pi pico W voi kha nang két ndi Wi-fi
2,4Ghz va Bluetooth 5,2 cho phép truyén tai dit liéu
v6i te d6 16n dén 12Mbps va tiéu thy dién nang tuong
{mg & mirc 40mA qua ngudn USB type A khi két n6i
Wi-fi. Thiét bj nay dong vai trd truyén tai dir liéu vé
khoang cach Ién server backend qua Wi-fi.

Tag bao gom 2 thanh phan chinh: Module UWB
dugc két ndi véi BuO3 Ai-thinker thong qua day
jumper va breadboard, c6 nhiém vu do khoang cach
dén cac anchor qua két n6i UWB va Raspberry Pi Pico
W giri dir liéu khoang cach do dugc dén server qua
giao thuc MQTT.

Anchor 14 cic bo mach phat trién Ai-thinker Bu03
dong vai tro nhu cac mdc dinh vi va dugc dat ¢ cac

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

toa dd xac dinh trong khong gian kho. Cac anchor
duoc bd tri sao cho mdi diém trong kho nim trong ban
kinh hoat dong cua it nhdt 4 Anchor khong ddng
phing dé dam bao du dir liéu cho thuat toan
Trilateration.

3.3. Giao thivc MOQTT

Dit liéu vé khoang cach s€ dugc trao ddi thong
qua giao thic truyén tin nhe (Message Queuing
Telemetry Transport - MQTT). Pay la mot giao thurc
truyén thong hoat dong theo co ché Publish/Subscribe
(Xuit ban/Dang ky), duoc thiét ké cho cac hé thdng
¢6 bang thong han ché va yéu cau tiéu thu ning luong
thip. Trong mé hinh nay, Broker (may chii moi gioi)
chiu trach nhiém tiép nhén, phén loai va chuyén tiép
céc goi tin tir thiét bi giri (Publisher) dén céc thiét bi
nhén (Subscriber) thong qua cac kénh dinh danh goi
1a Topic.

Trong hé¢ théng dé xuat, sau khi nhan dugc dir liéu
khodang cach tir bo mach phat trién Ai-thinker Bu03,
Raspberry Pi Pico dong vai tro Publisher, gui dir li¢u
khoang cach thong qua Wi-fi Ién mdt may chu trung
gian. May chu nay 1a HiveMQ (nén ting MQTT
Broker) - mét dich vu méi gidi tin nhén hd tro giao
thirc MQTT, ¢6 chirc ning tiép nhan, quan 1y va phan
phéi dir liéu gitra cac thiét bi trong hé théng. Cu thé,
HiveMQ hoat dong nhu mdt Broker, nhan cac ban tin
tir Publisher va chuyén tiép dén cac thiét bi di ding
ky nhan dir liéu. Server backend sau d6 dong vai tro
la Subscriber nhan dir liéu khoang cach tu HiveMQ.

3.4. Phin mém

Phan mém cua hé théng bao gdm server backend
voi vai tro chay thudt toan dinh vi tir dit liéu khoang
cach nhan duogc va dashboard hién thi truc quan vi tri
ba chiéu.

Server backend bao gdm 2 module chinh véi ldn
lugt cac vai tro nhan thong tin tir cac tag qua giao thirc
MQTT va chay thuét toan dinh vi. Module tiép nhan
dir liéu khoang cach duy tri két ni lién tuc voéi
HiveMQ, nhén cac goéi thong tin dudi dinh dang
JavaScript Object Notation (JSON) - mét dinh dang
dir liéu dang van ban, gitp biéu dién va trao doi dir
liéu mot cach nhe, dé doc va dé xir ly. Cac dit lidu
JSON sau khi nhan s€ dugc phéan tach, sép xép dir liéu
khodng cach tuong tmg véi s6 thir tu anchor. Module
thuat toan dinh vi xir 1y dit liéu khoang cach bang
thuat toan trilateration, két hop véi dir liéu vé vi tri cac
anchor dé dinh vi tag.
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s sEEE=

Hinh 5. Céu tricc béin tin dit ligu dinh dang JSON

Dashboard dong vai tro hién thi truc quan vi tri
trong thoi gian thyc, cing véi mot sé tinh nang cho
phép nguodi dung tuy chinh vi tri cua anchor va nhap
kich thudce kho. Ngudi dung ciing ¢6 thé nhép toa do
va kich thudc ctia mot sd vat can dudi dang cac hinh
hop chit nhat, qua d6 md phong tuong dbi khong gian
dinh vi.

INDGOR POSITIONING DASHBOARD =

Hinh 6. Dashboard hién thi toa dj ba chiéu

Tinh ning Record cho phép nguoi ding c6 thé ghi
lai toa d0 lién tuc ctua Tag trong 1 khoang thoi gian.
Céc toa d6 nay duoc tong hop & phan Tag History va
¢6 thé duoc tai vé dudi dang file CSV nhu sau:

Céc thong tin dinh vi bao gdm Timestamp (Nhin
thoi gian), ID (s6 hiéu ctia Tag) va toa do ba chiéu X,
Y, Z cia Tag.

Hinh 7. File CSV truy xuit toa dj vi tri ciia Tag

4. Panh gia do chinh xac
4.1. Thiét ké thi nghiém

Thi nghiém duoc tién hanh tai kho mé phong cia
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Trung tim ddo tao Logistics tiéu ving song Mekong -
Nhat Ban tai Viét Nam. Kho c6 dién tich 15x30m,
dugc bd tri 4 day ké kim loai 3 tang, sir dung cac pallet
bang nhya va gd. Hang héa bén trong bao gdm cac
hop x&p va kién hang bang gb. Ngoai ra, khong gian
kho con ¢6 2 xe nang cung 1 hé théng bang chuyén.

Dé dam bao tinh chinh xé4c, cac khoang cach tham
chiéu thuc t& déu duoc do béng thudce laser Xiaomi
Duka LS-P véi sai s6 thiét bi dudi 2mm. 10 Anchor
duoc chia ra thanh 5 cap va dugc bb tri ¢ cac diém tur
Ao dén A4 nhu Hinh 8. Mdi cap bao gém mot anchor
trén mat dat va mot Anchor treo trén tuong voi do cao
4,2m tir mat san kho. Qua trinh thir nghiém duogc thyc
hién ddi véi Tag 6 hai trang thai: tinh va dong. Cac bo
mach phat trién Bu03 trén Tag va Anchor duogc cAu
hinh véi tan suit do khoang cach 1a 500 lan/phut. Tag
duogc cau hinh dé giri dit liéu khoang cach dén Broker
v6i tan sudt tuong tu.

=
=
=

17 (Z=0.6m)

b =~ 20 (2=0.8m)

A2 <A
11(z=2.3m)
s
<] 13 (2=0.8m)
=

19 (z=1.4m)
< 15 (z=1.2m)
= <
A4

7(2=1.7m)

=Y

12 (Z=1m)

I
(4

5(Z=1.1m)

3 (z=1.2m)

2 (z=1.5m) E]

» |

AO Al
4 (z=2.2m)

9 (z=0.9m)
o R =

Hinh 8. Vi tri diit Anchor va cdc toa dp tham chiéu

(1-20) ciing chiéu cao Z

1(Z=0.4m) 8 (z=1.6m)

6(2=0.7m) |

10 (Z=1m)

O trang thai tinh, nhom nghién ctru chon ra 20 toa
d6 tham chiéu, duoc thé hién trong Hinh 8. Tai mdi
diém, 500 miu toa do dugc thu thap lién tuc trong
khoang 1 phiit va trich xuét thong qua file CSV tir hé
thong nham tinh todn d phan tan cia dit liéu thong
qua dd 1éch chuén (Standard Deviation - SD) va sai sb
trung binh binh phuong (Root Mean Square Error -
RMSE) cua toa d9 vi tri trén hé théng so sanh vai toa
d6 tham chiéu.

O thi nghiém dong, Tag dugc gan 1én xe day hang
& d6 cao ¢ dinh 12 0,8m va di chuyén theo cac doan
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théng duoc danh dau trén mat san kho.

Vi tri cta Tag s& duoc trich xuat thong qua tinh
nang Record va Tag History trén Dashboard. Dit li¢u
tur cac file CSV s€ dugce sir dung dé tinh toan sai sb va
d6 léch chuén trén phén mém Excel.

RMSE theo ting truc ¢ cac diém tham chiéu duoc
tinh lan luot qua cac cong thirc sau:

1 500

> (k —k)? ©9)

RMSE, = /=
i=1

Trong do:

RMSE, : Can bac hai cua sai s6 toan phuong
trung binh tinh riéng trén mot truc (x, y hodc z);

|2i : Toa d0 trén hé théng tai diém do thi i trén truc
tuong ung (vi du: X, );

k,: Toa d§ tham chiéu tai diém do thu i trén truc
tuwong ung (vi du: X; );

RMSE theo mit phing ngang (x, ) va RMSE theo
ba chiéu (x,y,z) dugc tinh 1an luot theo cac cong thirc sau:

RMSE,, = [RSME; +RSME;  (10)

RMSE ;o= \[RSME + RSME? + RSME? (1)

Tuong tu, SD theo tirng truc tham chiéu, theo mat
phing (x,y) va SD theo ba chiéu (x,y,z) dugc tinh lan
luot theo cac cong thie sau:

1S e -ar (2

SD, =
500 5

Trong dé:

SD, : D¢ léch chuén tinh riéng trén mot truc (x, y
hoac z);

€. : Sai s6 do duoc tai phép do thir i trén tryuc £;

€, : Sai s6 trung binh ciia toan bo 500 mau dir liu

trén truc k.
SD,, = aISDXZ +SD; (13)
SD,, = ./SDf +8D; +SD; (14)

O thi nghiém dong, sai s6 theo thoi gian thyc dugc
tinh qua sai s6 mat phang (x, y) va sai s6 truc z nhu

sau:
Esp :4/e§/+ef (15)

E,, : Khoang cach sai s6 tuyét ddi trong
khong gian ba chiéu thyc té;

Trong dé:

e, : Sai s trén mat phang 2D;

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

e, : Sai s6 theo tryc z.

Sai s6 mit phing (x, y) dwoc xac dinh bing
khoang cach ngin nhat gitra vi tri Tag va cac doan
thang trén quy dao tham chiéu, dwoc tinh qua cong
thirc sau:

_ |(y2 _y1)xo _(Xz _Xi)yo +X2y1_y2X1| (16)

e
06 =% + (Y, — y.)?

Xy

Trong do:

e, - Sai sO didu hudng trén mat phing 2D;

Xo» Yo : Toa do thuc té ciia Tag trén mét phing
ngang tai thoi diém do;

X, Y, : Toa do ciia diém mdc thir nhit trén
doan quy dao tham chiéu;

X,,Y, : Toa d9 cia diém méc thir hai trén doan
quy dao tham chiéeu.

Sai s6 truc z (chiéu cao) dugc tinh qua cong
thue:

e, =|z,-2

z

a7

ref

Trong do:
e, : Sai ) duy tri d6 cao (theo truc Z);
z,: Do cao do thuc té ciia Tag tai thoi diém
Xxét;
Zref
4.2. Két qud thi nghi¢m

: D6 cao muc tiéu duoc thiét 1ap cho quy dao.

Hinh 9 cho thdy trong méi trudng it vat can (vi tri
tir 1 dén 10), hé thong dat dugce do chinh xac tét véi
RMSE theo ba chiéu (x, y, z) duy tri tir 0,1m dén 0,3m.
Tuy nhién, & céc vi tri trong moi trudng nhiéu vat can
(tir 11 dén 20), RMSE theo ba chiéu (x, y, z) tang 1én
muc tir 0,3m dén 0,5m. Hé théng dat duoc d6 chinh
xac dudi 0,2m & tat ca cac vi tri khi chi xét dén toa do
ctia hai tryc x,y (mit phiang ngang). Phin 16n cac diém
& mdi truong it vat can co thé dat dugc mic RMSE
mit phing ngang dui 0,1m.

Két qua vé d6 phan tan (Hinh 10) cho thiy & cac
vi tri trong mai truong it vat can, hé théng cho théy do
6n dinh cao véi SD tdi da khong vuot qua 0,Im va
dudi 0,03m & da sb cac diém. Phan 16n cac diém &
moi trudng nhidu vat can ciing duy tri mic SD duéi
0,1m, tuy nhién van c6 thé nhan théy murc SD cao hon
nhiéu so v&i moi truong it vat can, Ién téi trén 0,1m &
mdt s vi tri. Két qua thi nghiém ciing cho thiy d6 6n
dinh tét cta hé théng trén mat phang ngang, khi sai sb
trén mat phang ngang (x, y) ludn duy tri dudi 0,06m.

Tuy nhién, két qua tir ca hai Hinh 9 va 10 déu cho
thiy truc z (chiéu cao) 1a thanh phan sai s 16n nhit va
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S6 thir tir diem tham chuéun
P wernowunw BEREERRSREE

|n1|'|w\“||l\|\‘

[=]

02 0.4 0.6
RMSE (m)
5 EMSE theo ba chién (=y.Z)
B EMSEE theo truc chifu cao z
# RMSE theo mit phing nzang (x.y)
Hinh 9. Két qui RMSE ciia thi nghiém tinh

thiéu 6n dinh nhat trong toan hé thong. Gia tri RMSE
theo truc z thuong xuyén ti€ém can véi RMSE theo ba
chiéu (x, y, z) tai da s6 cac diém tham chiéu, cho thiy
sai s6 chiéu cao chiém uu thé so véi sai s6 mat phang
ngang (x, y). Do 1éch chuén (SD) theo truc z dao dong
tir dudi 0,05m dén 0,15m, cao hon dang ké so voi SD
trén mit phang ngang von luén duy tri dudi 0,07m.

— (R (IR [RRIR]
{ ]
(I (IR [RRIXK]
PDXDXIXDXIXDXIXIXIXEXI]

o

Hm: DXDXIXPXIXIXIXIDIXEXX]

Hinh 11. So sanh quy dao ciia Tag ghi nhdn trén hé
théng so voi dwong tham chiéu 1

Nguyén nhan din dén d6 chinh xac thép theo truc
z c6 thé xuat phat tir cach bb tri cac Anchor. Do diéu
kién thi nghiém trong kho hang khong c6 nhiéu diém
¢6 thé gan Anchor, nhém nghién ciru chi cé thé phan
bd cac Anchor tai hai mic do cao ¢b dinh (Om va
4,2m), trong khi toa d6 x va y trai déu trén dién tich
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S6 thir tw diém tham chiéu
Fnuwrnnwnw SERBERESREEN

[

0.05

=]
=

0.15 02
SD (m)

8D theo ba chifu (xy.z)
lSDthﬁ:m,lcch.ié.lcaoz
® 8D theo mét phing agang(xy)

Hinh 10. Két qud SD ciia thi nghi¢m tinh

15x30 m ctia kho. Su phan b6 han ché theo chiéu dimg
dan dn chi s6 GDOP (Geometric Dilution of
Precision) theo truc z khong thuén lgi nhu theo mat
phiang ngang (x, y). Bén canh d6, tinh trang NLOS
(Non-Line-of-Sight) anh hwong 16n dén cac Anchor
treo cao vi tin hiéu phai xuyén qua ké hang nhiéu ting,
kién hang va thiét bi trong khi truc x, y van con nhiéu
Anchor & mit dat bu tri.

1,0
0,9
0.8
E 07
=06
g 4 A
.6«0,5
o 04
& 03
0,2
0,1
OO\DmO\\DNO\WNwm~oov—1t\
P o S VoS N "> S S N Yo S S Vo T o B SN e S N
— = N NN N T NN O O~
Thoi gian (s)

Sai s6 theo thoi gian thye ~ ==———RMSE

Hinh 12. Két qua thi nghiém dpng dwong tham chiéu 1
Két qua thi nghiém dong & moéi trudng it vét can
cho thdy d6 chinh x4c ¢ mirc dudi 1m, véi RMSE vio
khoang 0,5m, dugc thé hién ¢ Hinh 12. Tuy nhién do
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chinh xac va d6 6n dinh cia hé thong giam khi Tag
dén gan khu vyuc nhiéu vat can hon, thé hién & Hinh
11 khi xuét hién cac khoang tréng trén quy dao Tag so
v6i duong tham chiéu.

O moéi truong nhiéu vat can hon, sai sd ctua hé
thdng tang 1én dang ké, thé hién trong Hinh 13 va 14.
O dudng tham chiéu 2, RMSE ¢ muc 0,67m, v6i sai
s6 theo thoi gian thyc bién dong lién tuc, thuong
xuyén cham ngudng 0,8m. O dudong tham chiéu 3 véi
ké hang va dai bang chuyén, sai sé vuot ngudng 1m,
cao nhat Ién t6i 1,2m, RMSE dat 0,72m.

1,0
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E
> 0,6
=
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=
)
«g 04
5
0,2
0
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Thoi gian (s)

Sai 56 theo thoi gian thuc ———RMSE

Hinh 13. Két qud thi nghiém dpng dwong tham chiéu 2
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Hinh 14. Két qud thi nghiém dgng dwong tham chiéu 3
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Hinh 15. So sanh quy dao ciia Tag voi dwong tham
chiéu 2 (xanh nhat) va 3 (xanh dim)

PXDIXPXIXIXIXIIEXI]

Dong thoi, tinh trang Tag mat két ndi voi cac
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Anchor xay ra thuong xuyén hon & méi truong nhiéu
vat can (Hinh 15), dac bi¢t & duong tham chiéu 3 khi
xuét hién nhiéu khoang trong rd rét trén duong di clia
Tag so v6i duong tham chiéu.

5. Két luan

Bai bao nay trinh bay quy trinh thiét ké va xay
dung mot hé théng dinh vi trong nha dya trén cong
nghé bang thong siéu rong (UWB), dat dugc d6 chinh
xé4c & mire decimet trong qué trinh thir nghiém thue té
tai moi truong nha kho. Hé thdng cho thiy d6 6n dinh
cao trén mat phing ngang (x, y) voi gia tri RMSE dao
dong tir 0,15m dén 0,3m. Tuy nhién, mot s6 thach thire
vé hiéu suat da dugc ghi nhan trong diéu kién khong
¢6 dudng truyén thing (NLOS) va theo truc thing
dung (z), khi sai s6 vuot qua 0,5m. Bén canh do, viéc
phu thudc vao broker ddm may nhu HiveMQ c6 thé
gdy ra d¢ tré, trong khi viéc chuyén sang broker cuc
bd nhu Mosquitto c6 thé mang lai hiéu suét thoi gian
thuc dang tin cay hon, déc biét trong cac kich ban dién
toan bién, noi yéu cau do tré thap 1a yéu té quan trong.

Dé giai quyét nhitng han ché nay va nang cao do
chinh xéc, cac nghién ctru trong twong lai s€ tap trung
vao viéc md rong thir nghiém nham danh gia do tré
ctia hé thong, dong thoi tich hop thém cac cam bién
do luong quan tinh (IMU) dé dam bao tinh lién tuc
cua dinh vi khi tin hiéu UWB tam thoi bi che khuét
boi cac vat can moi truong. Ham phan phdi tich lity
(CDF) ciing s€ dugc nghién cuu trong cac cong trinh
tiép theo nham danh gia sai s6 dinh vi mot cach toan
dién hon. Ngoai ra, viéc t6i uu héa hinh hoc twong dbi
cua cac Anchor thong qua phan tich GDOP va nghién
ctru cac chién luoc tiét kiém nang luong ciing s€ dugc
trién khai, nham xay dung mot giai phap dinh vi trong
nha hoan chinh va hiéu qua hon.
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