TNU Journal of Science and Technology

227(11): 105 - 111

DESIGNING AN INDOOR POSITIONING SYSTEM USING ULTRA-WIDE BAND

Tran Xuan Trong*, Bui Van Tung, Tran Van Dung
TNU - University of Information and Communication Technology

ARTICLE INFO

ABSTRACT

Received:
Revised:
Published:

KEYWORDS

30/5/2022
29/7/2022
01/8/2022

Triangulation
Indoor Positioning
uwB

Design

Accuracy

Today, modern autonomous vehicles cannot function fully without a
positioning system. In many cases, some vehicles even require their
own positioning system to ensure their accuracy and stability in
movement. In this paper, the authors present the design of an indoor
positioning system (IPS) using Ultra-Wide Band combined with
Triangulation method. The system consists of 3 Anchor nodes used as
waypoints and 1 Tag node attached to the object. Through the distance
from the Tag node to different waypoints, IPS figures out the position
of the object in real time. After the design, the system was tested by
experimental methods combined with specialized software. The results
indicate that the positioning system has located the object with an error
of less than 10 cm. This error is much smaller than that of the Global
Positioning System (GPS). With the design parameters achieved, the
positioning system is suitable for application in the navigation system
for Robots and autonomous vehicles.
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Phép do 3 canh
Dinh vi trong nha
Béng thong rong
Thiét ké

Chinh xac

Ngay nay, cac phuong tién ty hanh khong thé thyc hién day du chue
nang néu chiing thiéu hé thong dinh vi. Trong nhiéu truong hop, mot sO
phuong tién doi hoi phai co hé thdng dinh vi riéng dé dam bao do chinh
xéac va tinh on dinh khi van hanh. Trong bai bao nay, nhém tac gia dua
ra thiét ké cua hé thong dinh vi trong nha IPS (Indoor Positioning
System) sir dung song si€u cao tan bang thong rong két hop véi phep do
ba canh. H¢ thong gom 3 nut Anchor dugc dung lam cac diém mdc va 1
nut Tag dugc gan trén di trong can dinh vi. Thong qua khoang cach tir
nat Tag dén 3 diém méc, IPS xac dinh duoc vi tri cua dédi tuong theo
thoi gian thuc. Sau thiét ké, hé thong dugc danh gia bang phuong phap
thuc nghiém két hop v6i phin mém chuyén dung. Két qua cho thay hé
thong dinh vi da xac dinh dwoc dbi tugng voi sai 1éch dudi 10 cm. Sai
sO nay c6 gi4 tri nho hon nhiéu so véi sai s6 cta hé thong dinh vi toan
cau GPS (Global Positioning System). V&i cac thong so thiét ké dat
dugc, hé thong dinh vi phu hop dé ung dung vao hé théng din duong
cho Robot va xe tu hanh.
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1. Giéi thiéu

Ngay nay, v6i su phat trién ngay cang manh cta robot va xe tu hanh, vai trd ciia cac hé théng
dinh vi tr¢ [én cuc ky quan trong [1]. Trong cac hé théng dinh vi, hé théng dinh vi toan cau GPS
(Global Positioning System) dugc sir dung pho bién nhat [2], GPS c6 thé dung dé xac dinh vi tri,
ghi lai quy dao chuyén dong cua mot ddi twong hodc phuong tién giao thong nao do [2]. Tuy
nhién, GPS gap kho khan trong viéc dinh vi doi hoi d6 chinh xéc cao (sai s6 dinh vi dudi 10 cm)
[3], [4], hodc dinh vi cac ddi tugng trong mdi truong cd mai che [3] - [5]. Vi Vay, hé théng dinh
vi trong nha IPS (Indoor Positioning System) ra doi dé giai quyét bai toan dinh vi chinh xac theo
thoi gian thyc trong khong gian kin [6]. IPS phu hgp tng dung trong viéc dinh vi, dinh hudéng,
lap quy dao chuyén dong cho phuong tién ty hanh, tim kiém ngudi, d6 vat trong toa nha, him
ngam, kho bai, [6].

Hé théng dinh vi trong nha hién nay c6 thé dugc xay dung dua trén cic cong nghé khac nhau
nhu st dung song hdng ngoai, song siéu am [4], [7]. IPS sir dung song hong ngoai ¢6 vu diém la
tiét kiem nang lugng nhung nhugc diém dé& bi anh hudng bdi den dién, nhiét do moi trudong va
pham vi 1am viéc hep do song hong ngoai c6 kha ning ddm xuyén kém [8], [9]. Trong khi d6 IPS
duing song siéu 4m mic du c¢6 chi phi thap nhung lai bi mt tin hiéu boi vat can va d& bi nhidu am
thanh tan sb cao tac dong [8]. Do do, dé khic phuc nhuoc diém cua céc hé théng IPS trén, déng
thoi giap cai thién do chinh x4c, pham vi 1am viéc va tinh linh hoat cua IPS [4] — [6], nhom tac
gia lua chon xay dung hé thong dinh vi trong nha dua trén cong nghé song dién tir siéu cao tin
bang thong rong (UWB) két hop phép do 3 canh (Triangulation) [5], [8].

2. Hé thong dinh vi trong nha sir dung séng siéu cao tin bing thong rong

V& co ban, UWB 1a giao thirc truyén thong khong day sir dung nhiing tin hiéu xung c6 tan sb
rat cao (tir 3,1 t61 10,6 GHz) daé truyén dir liéu thong qua bang thong cuc rong ma khong can quéa
trinh diéu ché cao tan nhu cac hé thong sir dung cong nghé RF (Radio Frequency) [8]. Khi u’ng
dung UWB vao IPS, hé thong sir dung cac bd thu phat song UWB gén trén dbi tuong can dinh vi
va cac diém méc dé xac dinh khoang cach chinh xac giita dbi twong dinh vi va diém méc thong
qua thoi gian truyén séng TOF (Time of Fly) [5].
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Hinh 1. Do khodang cdich dua theo thoi gian truyén séng (TOF)

Theo Hinh 1, gia sit bo qua thoi gian xir 1y cta thiét bi, khoang cach S tir ddi tuong can dinh
vi dén diém mdc s& dugc tinh nhu sau: S = C.T/2; Véi C 1a van toc anh sang, T 1a thoi gian tinh
tir thoi diém dbi tuong dinh vi phat xung dén khi thu dugc xung phan h01 [5]. Tuy nhién, dé dam
bao toa d cua dbi tuong can dinh vi 1a duy nhét trong mit phang thi can biét khoang cach cua
dbi twong d6 dén it nhét 3 diém mdc biét trudc toa do (Triangulation) [3], [5], [9] nhu Hinh 2.

Theo Hinh 2, toa do can dinh vi d6i tuong 1a (x, y) dugc xac dinh thong qua toa do 3 diém
mdc (x1, Y1), (X2, Y2), (Xa, Ys) theo cac phuong trinh (4), (5):

(x=x) +(y=w) =S, 1)
(X—X2)2+(y—y2)2=82 (2)
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Hinh 2. Phuong phap Triangulation xdc dinh toa do dsi twong dwa vao toa do 3 diém méc
3. Thiét ké va ché tao hé thong dinh vi trong nha

Thong thuong, khi xay dung hé thong dinh vi UWB theo phuong phap Triangulation, can phai
thlet ké thiét bi gan trén ddi tuong goi 1a Node-Tag va it nhat 3bo thiét bi dat c¢b dinh lam diém
mdc goi 1a Node-Anchor [4], [5]. Trong nghién ciru co ban, ciu tao phan cimg ciia Node-Tag va
Node-Anchor tuong tw nhau. Ching gdm c6 5 thanh phin co ban nhu Hinh 3, gdm: Ngudn dién;
Anten ding dé khuéch dai tin hiéu song siéu cao tan; B thu phat song UWB c6 chirc ning diéu
khién qua trinh tao va nhén xung siéu cao tan; BO Vi xir ly dung dé tinh toan, xur 1y thong tin va
giao tiép véi thiét bi khac; Cong giao tiép ¢ chirc ning h trg trao doi thong tin giita cac vi didu
khién v&i nhau.

Cén% glao Bé;) V’i } B6 thu phat [Anten
tiep xu ly UWB

]

Ngudn

Hinh 3. Cdu tric co ban ciia Node dinh vi IPS
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Trong thiét ké, nhém tac gia dé xuit xay dung hé théng dinh vi gdm 4 Node dinh vi nhu Hinh
4. Trong d6, mdi Node sir dung 1 Module DWM 1000 tich hgp sén anten ctia hang Decawave lam
b thu phat song UWB [10], bo mach Arduino Nano [11] xay dyng trén nén Atmega328p tich
hop sdn cac cong 1/O va cdng giao tiép UART lam b vi xur 1y va cong giao tiép.

-
INO. DWM1000
NANO

NODE-ANCHOR 3

AR“W\O DWM1000
NANO

NODE-ANCHOR 1

NODE-TAG

Hinh 4. Cic Node dinh vi trong hé thong dinh vi

Ngoai c4c thiét bi chinh, trong qua trinh ché tao Node dinh vi, && dam bao tinh tuong thich vé
murc dién ap tin hiéu va cong suat nguon nudi cho cac thiét bi, nhom tac gia da s dung thém 2 IC
chuyén dbi murc logic (Logic Level Converter) va chip d6i nguén AMS117. Cac linh kién dugc
két ndi nhu Hinh 5a va mach sau ché tao thé hién trén Hinh 5b.
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Hinh 5. Node dinh vi: (a) Mach nguyén ly va (b) anh chup
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Cin ctr vao chirc ning cua cac Node dinh vi, chwong trinh phin mém tuwong ing duoc nap vao
cac Node nay. Node-Tag duoc nap chuong trinh theo luu d6 thuat toan & Hinh 6a. N6 dinh ky giri
yéu cau phan hoi dén timg Node-Anchor. Khi nhan duoc goi tin phan hdi tir ding Anchor c6 dia
chi yéu cau, vi diéu khién tinh toan dua ra két qua dinh vi. Node-Anchor hoat dong theo luu d6
thudt toan & Hinh 6b. Cac Node nay luén ¢ trang thai cho, khi nhan dugce ban tin yéu clu cla
Node-Tag, Node-Anchor sé& kiém tra dia chi va thyc hién giri tin hi¢u phan hoi cho Node-Tag.

Trang thai
chor

Guri tin
Msg=POLL

Nhan tin
trTag

Nhaén tin
tir Anchor

Pung

Xac nhan

Xac nhan 5 €
dia chi

dia chi

Puang

Théng tin vé
khoang cach?

Pung Bung

Tinh khoang Gui tin
cach (mm) phan hoi
@ (b)

Hinh 6. Luu do thudt todn dinh vi: (a) Node-Tag va (b) Node-Anchor

4. Két qua va ban luan

Serial Monitor X

Hinh 7. Giao dién dinh vi trén may tinh: (a) Dang dé hoa va (b) Dang 56 liéu
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Nham danh gia thyc nghiém hoat dong cua hé thong dinh vi, Tac gia da tién hanh thiét 1ap hé
thong dinh vi cho can phong hinh chit nhat ¢é chiéu dai cac canh 1a 530 cm va 570 cm. Cac
Node-Anchor dugc dat ¢ 3 goc phong, trong d6 Node-Anchor A2 c6 toa do trung vai géc toa do,
Node-Anchor A1 dat trén truc Ox cach A2 la 530 cm, Anchor A3 dat trén truc Oy cach A2 1a 570
cm. Node-Tag két n6i v6i may tinh thong qua cong UART-USB d¢é hién thi két qua truc quan lén
man hinh. Két qua thtr nghiém co thé hién thi theo dang dd hoa nhu Hinh 7a, hodc dang s6 lieu
trén Hinh 7b.

Dé ting d6 tin cay khi danh gia, nhom tac gia da tién hanh lay két qua dinh vi d6i tuong tai
nhiéu vi tri khac nhau trong phong kin. Df)ng thoi trong thuc nghiém, do GPS khong thé dinh vi
duge ddi tuong co khoang cach dich chuyen duoi 15 m [2], [3], nén két qua dinh vi ctia hé thong
dugc dbi sanh véi két qua do thu cong thuc té va duge tong hop trong Bang 1.

Bang 1. Két qud thyc nghiém hé thong dinh vi trong nha

Vi tri dit vat Vi tri dinh vi dwoc Sai s6 theo truc toa dd
X (cm) Y (cm) X (cm) Y (cm) X (cm) Y (cm)
300 250 306 243,8 6 6,2
200 150 194,7 147,3 5,3 2,7
100 50 106,5 54,2 6,5 4,2
50 25 46,9 28,2 31 3,2

Két qua thyc nghiém trén cho théy, hé théng dinh vi hoat dong dugc trong moi truong phong
kin. Gia tri dinh vi on dinh, sai s6 dinh vi it phu thudc vao vi tri cua doi tuong trong phong, do
léch dinh vi theo céc truc quy udc khong vuot qua 7 cm.

5. Két luan

Noi dung bai bao dé xuét duoc thiét ké cua hé thong dinh vi trong nha st dung UWB va
phuong phap do 3 canh. Két qua dinh vi c6 d6 chinh xéac cao c6 the Ung dung trong hé thong
dan duong cho xe tu hanh hodc robot trong nha [1]. Tuy nhién, sai s6 ctia hé thong dinh vi vin
c6, chi yéu do tdc do tinh toan va do tré xir 1y cuia vi diéu khién gay ra. Trong thoi gian tdi,
nhom tac gia du dinh phat trién xe ty hanh di theo quy dao 14p trinh truée dya trén hé thong
dinh vi da thiét ké.

Lo1i cam on

Cong trinh nghién ctru nay dugce tai tro boi ngudn kinh phi ciia Truong Pai hoc Cong ngh¢
Thoéng tin va Truyen thong — Pai hoc Thai Nguyén qua dé tai khoa hoc va cong nghé cap co so
nam 2022 ma so: T2022-07-15.
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