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Hé théng dinh vi thoi gian thuc (Real Time Locating System - RTLS) str dung céng nghé béng théng
siéu rong (UWB), duoc st dung rong réi dé quan ly, gidm sat hang hod, thiét bj va con ngudi hé tro
céng tac bao tri stra chira thiét bi va ctru hd, ciru nan.Bai béo trinh bay két qué nghién ctru vé cong
nghé UWB va xay dung mé hinh hé théng RTLS trong phong thi nghiém cé kha ndng &p dung trong

mé ham Io.

Tir khéa: hé théng dinh vj thoi gian thuc (RTLS), cdng nghé béng théng siéu rong (UWB)

1. DAT VAN BE

Hé théng dinh vi rat phd bién hién nay la hé
théng GPS. Khi s&r dung & ngoai trdi, hé théng
GPS dat dd chinh xac dinh vi rat cao. Tuy nhién,
nhwoc diém cla hé théng nay la khéng cho két
qua chinh xac khi thiét bi can dinh vi & mai trudng
trong nha hoac cac khu vwc khéng thu dwec tin
hiéu vé tinh, dac biét |la trong cac tda nha I&én hoac
céc cong trinh ngam.

Hé théng dinh vi théi gian thwc (Real Time
Locating System - RTLS) da khac phuc dwoc cac
nhwoc diém clia hé thdng GPS. RTLS tw dong
dinh vi va theo doi dbi twong theo thoi gian thyc
v&i d6 chinh xac cao ma khéng can s dung vé
tinh. Do vay c6 thé ap dung md hinh RTLS cho cac
&ng dung dinh vi tai san, thiét bi, may trong cac
nha may, kho bai; *ng dung dinh vi ngwoi lam viéc
trong cac cong trinh ngdm. T d6 giup ngudi quan
ly gidm sat vi tri ciia nhan vién, kiém soat gid' lam
viéc va truy cap, so tan va phat hién ngwoi gap tai
nan. Vi vay nghién ctvu 4p dung RTLS rat can thiét.

2. NOI DUNG NGHIEN clru

2.1. Cac coéng nghé str dung trong hé théng
RTLS

Hién nay c6 kha nhiéu cdng nghé dwoc nghién
ctu, st dung trong hé théng RTLS, méi cdng nghé
déu c6 nhixng wu va nhuoc diém riéng. (Bang 1)
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Bang 1. Cac cdng nghé st dung trong hé thong RTLS
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Tai Viét Nam hién nay hau nhuw rat it cac nghién

ctu vé RTLS st dung cong nghé UWB. Ly do mét
phan vi chip hé trg cdng nghé UWB cé gia thanh
cao. Trong vai ndm gan day, cac hang san xuét chip
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H.2. Hé thdng thiét bi dinh vi thai gian thuc LEO-L UWB ctia Advantech Viét Nam

ndi tiéng da quan tdm dén cong nghé UWB va san
xuét chip hd trg cong nghé nay véi sé luvong 16n,
dan tdi gia thanh ha, tang tinh kha thi khi ap dung
vao thuc té. Bdng thdi, véi sw phat trién manh cla
coéng nghé loT va di liéu I&n, nhu cau vé thu thap
di¥ liéu ngwoi dung (bao gdm ca dir liéu vi tri) dé
danh gia hanh vi nguw¢i dung, dwa ra cac dy doan,
canh bao chinh xac ngay cang tang. Trong [1], tac
gia da phat trién hé thdng dinh vi trong nha dua trén
cac cdm bién dién thoai théng minh, cu thé 1a dinh
vi dwa trén cwong do tin hiéu tlr trwong va cam
bién tir trwdng & dién thoai théng minh. Két qua dat
dwoc cho sai s6 dinh vi khoang 1m. Nhwoc diém 13
hé théng phu thudc vao cdm bién tr trwérng trong
céc thiét bi di ddng, méi khi khu vc cé sw thay ddi
dang ké, can phai tién hanh xay dwng lai ban db
twr tred'ng khu vee; vi tri dinh vi dwec xac dinh trén
Google map nén khéng xac dinh dwoc toa dé khi
thiét bi khong co két néi Internet. Trong [2], tac gia

da phat trién hé thdng dinh vi va dan dwdng trong
nha cho robot st dung camera laser dé |ap ban d6
s6. Nhwoc diém cta phwong phap 1a chi phi cao,
chi phu hop véi cac ng dung dan duwdng.

Céc nghién ctru vé RTLS sir dung céng nghé
UWB kha phdé bién & nwéc ngoai va da duoc
thwong mai hoa béi cac hang nhw SATO, Sewio,
Woxu, ChangYing... Mot s6 san phdm RTLS d& c6
mét tai Viét Nam. Dién hinh 1a hé thdng RealTrac™
(Hinh H.1) dinh vi ngudi trong mé hdm 16 v&i sai s6
dinh vi dwéi 35cm.

Giai phap dinh vi LEO-L UWB cua Advantech
Viét Nam (Hinh H.2) cho phép theo ddi chinh xac
cac phwong tién, nhan sy va thiét bj véi sai sb dinh
vi dwéi 30cm.

2.2. CAu tric hé théng RTLS

Mot hé théng RTLS (Hinh H.3) bao gbm cac
thanh phan:

- Thé ca nhan (Tags hoac Device): Bwoc phan
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phdi cho dbi twong can dinh vi;

- Tram neo (Anchor): Bwoc dat cd dinh tai cac
diém cb dinh cha khu vuwc, mbi diém truy cap cé
dién tich ph séng nhéat dinh (tlr vai chuc m dén vai
tram m);

- May chu (Server): Két nbi véi thé ca nhan hoac
tram neo dé thu thap di liéu vé toa do, khoang
cach gilra thé v&i tram neo hodc gilra cac tram neo
v@i nhau.
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H.3. Cau tric ctia hé thdng RTLS

Cac nghién ctru hién nay tap trung vao cac
phuwong phap dinh vi nhw: phwong phap dinh vi
khodng cach hai chiéu (TWR - Two way Ranging)
[3], phwong phap chénh léch thdi gian dén TDoA
(Time Difference of Arrival) [4] [5]. Trong [6], tac
gia thiét k& hé théng dinh vi trong nha st dung
céng nghé UWB dé dan dwérng cho UAV trong moi
trwdng khong coé tin hiéu GNSS. Trong [7], tac gia
da khao séat va théng ké vé cac cong nghé sir dung
trong bai toan dinh vij trong nha v&i thoi gian thyec.
C6 thé thay cong nghé UWB la tbi wu vé do chinh
xac va phu hgp hon ca cho tng dung dinh vj thoi
gian thuc trong mé ham 16.

Khi str dung thuat toan don gian dinh vi hiéu qua
ba diém khong thang hang trén cung mat phéng,
phwong trinh mé ta nhirng toa dé neo:

A,(0;0;0); A,(x,;0;0); A,(X,:y,:0) (1)
Do do, cac ban kinh r, r,, r, co thé duoc viét
nhw sau:
,.12 = x% + y2 + 72
(2)
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Bon gian hoa phwong trinh thu dwoc toa dd cla
doi twong di chuyén can dinh vi T(x,y,z)
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2.2. Thiét ké phan civng va phan mém hé
théng RTLS

2.2.1. So' db khéi hé théng RTLS st dung
céng nghé UWB

(2x,%)

Hé thdng RTLS dwgc xay dwng trong phong
thi nghiém gém 03 tram neo: Tram neo 1 (A0),
tram neo 2 (A1), tram neo 3 (A2)) dwgc xem nhw
ba gbc toa do, cb dinh & ba géc cta khu vwc can
dinh vi, 01 thé c& nhan (T0) duwoc gan trén dbi
twong duwoc theo ddi trong khu vwe da dwoc cd
dinh 03 tram neo. Méi tram neo va thé ca nhan
bao gdm cac khéi:

- Khdi ngudn moét chiéu 5VDC tir pin 18650
kém bo sac;

- Khéi module thu phat UWB DWM1000 cla
Decawave bao gdm ca anten bang rong tan sé ti
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H.4. Phuong phép dinh vi sit dung goc tin hiéu dén va sii dung théi gian nhén tin hiéu
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3.1GHz + 6GHz loai d&ng hwdng;

- Khéi vi xt ly STM32 1ap trinh dwgc, nhan
va xt ly thdng tin, giao tiép v&i module thu phat
UWB qua chuan truyén thong UART.

A

i

TRAM NEO 1 TRAM NEO 2

‘ Vi xir ly STM32 M
Ngudn dign mét chiéu 5VDC

¥

¥

Module thu phat UWB.
Decawave DWM1000

. Module thu phat UWB
‘ Vixirly STM32 M Decawave DWM1000

Ngubn dién mét chidu 5VDC

.

THE CA NHAN

- Module thu phat UWB
‘ Vixtrly STM32 M Decawave DWM1000

Ngubdn dién mot chiéu 5VDC

A

.

TRAM NEO 3

‘ Vi xtr ly STM32 M
Ngudn dién mét chidu 5VDC

H.5. So d6 khoi hé théng RTLS sit dung cong nghé UWB
So dd nguyén ly chi tiét ctia tram neo va thé ca
nhan twong tw nhau. Khéi nguén st dung mach

Module thu phat UWB.
Decawave DWM1000

nguén ha ap kiéu déng cat véi IC TPS73601. Dién
&p vao ctia mach 1a nguén 5V |4y ti pin, dién ap ra
3.3VDC dwoc tinh theo cong thirc (4), cAp ngudn
cho vi xtr ly STM32 va DWM1000 lam viéc.
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H.7. S¢ dd nguyén ly tram neo va thé ca nhan
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A0(0,0,2) A1(9,-1.5,2)

H.9. Toa d0 cac tram neo va thé ca nhan trong phong thi nghiém

2.3. Thir nghiém mé hinh

2.3.1. Kich ban thdr nghiém

M6 hinh RTLS dwgc thir nghiém trong phong thi
nghiém v&i dién tich khodng hon 100m2. Ban db
sd va cac tram neo ¢b dinh dwoc thé hién trén hinh
H.8. Tram neo Ao sé két néi v&i may tinh chay phan
mém gidm sat toa do va vi tri di chuyén cla nguoi
dung cAm thé ca nhan.

-Tan sbé: 3.1+ 6 GHz

- 86 lwong nat: 03 tram neo (A0, A1, A2) va 01
thé ca nhan (T0)

- Vung pha séng: 100m?

- Dia diém thtr nghiém: Phong thi nghiém Dién -
Dién t&r, Trwong Pai hoc Mé - Pia chét.

(a) Do ldn 1

H.8. Kich ban thi nghiém hé théng RTLS trong phong thi nghiém

A2(6.5,-5.6,2)

10(x 5 2)

2.3.2. Cédc két qua thuwc nghiém

Giao dién giam sat vi tri ctia thé ca nhan duwoc
thiét ké trén phdn mém Qt Creator, day la phan
mém ma ngudn mé véi day di cac thu vién gitup
thiét ké giao dién ngwoi dung GUI. Thuat toan dinh
vi dwoc nhang trén vi x&r ly STM32 véi thw vién hd
tro DWM1000. Giao dién nguwoi dung cé kha nang
theo di thé ca nhan di chuyén, vat duwoc gan thé ca
nhan hién thj vét di chuyén trén man hinh may tinh.

M6 hinh thwc nghiém gdm 3 tram neo cé dinh
A0, A1, A2 theo dbi 1 thé ca nhan TO di chuyén
trong phong thi nghiém. Khi nguwéi diing cam thé TO
di chuyén trong phong thi nghiém thi trén man hinh
hién thi ngay 1ap ttrc vi tri toa d6 ctia thé TO, khoadng

T
It

(b) Do lan 2

H.10.. Toa d6 thé ca nhan trén phan mém
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cach giltra TO v&i AO, A1, A2 mét cach nhanh chong
va chinh xac.

Trén co s& do dac khoang cach thuyc té bang
phép do thi cdng bang thwdc mét va khoadng cach
do trén phan mém hé théng RTLS gitra thé ca nhan
va cac tram neo, c6 thé thay sai sb khong qua
50cm. Bang 2 théng ké& khodng cach do gira TO
va A0, A1, A2 cho thdy phwong phap dinh vi thoi
gian thuc st dung cong nghé UWB cho két qua rat
chinh xac.

Bang 2. Sai s6 do trong hé théng RTLS st dung cong nghé UWB

’ Khoang Khoang c&éch Khoang ca:ch Saisé
Phép do cich (m) D’o ba!lg (m) RTALS cong G
thudc mét nghé UWB
70 - A0 5.600 5.700 -10
Polan1  T0-A1 9.800 9.730 7
70 - A2 4.300 4.299 0.1
T0- A0 14.100 14.065 35
Dolan2  T0-A1 4.500 4.514 -1.4
T0- A2 7.300 7.288 1.2

Han ché cta phwong phap nay 1a tin hiéu do
bi anh hwéng kha nhiéu béi vat can. Thuc té khi
ngwdi dung gan thé ca nhan di chuyén sang khu
virc ngoai phong thi nghiém thi khéng con thu dwoc
tin hiéu TO. VAn dé nay co thé khéc phuc bang viéc

TAI LIEU THAM KHAO

tang cong suét phat ctia module DWM1000 ho&c
thay thé anten trén module thu phat bang loai anten
c6 do6 tang ich I&n hon, tir d6 tang khoang cach phu
séng clia cac tram neo va thé ca nhan Ién t&i hang
tram mét.

3. KET LUAN

>Viéc nghién ctru bai toan dinh vi str dung cong
nghé bang théng siéu rong luén 1a chd dé noéng
dwoc nhiéu nha khoa hoc trén thé gi¢i quan tam.
Kha nang (rng dung cla céng nghé nay ngay cang
dwoc mé rong trong nhiéu linh vuc nhw y té, ban
I&, cong nghiép, thwong mai, logistic, ... Viéc lam
chd cong nghé méi mé nay, déng thoi xay dung
dwoc mé hinh thyc nghiém vai gia thanh ha sé tao
tién dé cho viéc trién khai, &p dung thuc t& md hinh
nay dén cac nha may, xi nghiép, trong dé cé cac
mo ham 10;

> Da xay dwng thanh céng mé hinh hé théng
dinh vi RTLS st dung céng nghé UWB c6 kha nang
dinh vi dbi twong di chuyén véi d6 chinh xac 0,5m
trong khéng gian khdng co tin hiéu vé tinh (quy mo
phong thi nghiém). M6 hinh nay c6 thé ap dung tai
cac cong trinh ngdm, mé ham 16 dé dinh vi, giam
séat, quan ly nhan vién, cdng nhan, thiét bi may méc
trong nha xwéngd
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RESEARCH AND APPLICATION OF ULTRA-WIDE BAND (UWB) TECHNOLOGY FOR
REAL-TIME LOCATION IN UNDERGROUND MINES
Nguyen Tien Sy, Ha Thi Chuc, Tong Ngoc Anh, Trinh Bien Thuy

ABSTRACT

Real Time Locating System (RTLS) using ultra-wideband technology (UWB) is widely used to manage
and monitor the operation of machines, equipment and people, serving the maintenance and repair of
equipment and emergency rescue for people when an accident occurs. The paper presents research
results on UWB technology and successfully builds in the laboratory a model of RTLS system that can be
applied in underground mines.

Keywords: Real Time Locating System (RTLS), ultra-wideband technology (UWB)
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