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Nowadays, robots and autonomous vehicles play a significant role in both
daily life and industrial production. In many cases, these vehicles are
required to automatically follow a predefined object or person. This paper
presents the design of an autonomous vehicle capable of real-time object
tracking using ultra-wideband radio technology combined with the polar
coordinate method. The system consists of three ultra-wideband
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transceivers: two mounted on the vehicle acting as reference points (called
Anchor nodes), and one attached to the target object (called the Tag node).
Based on the polar coordinate system, the onboard positioning system
determines the Tag’s location, and the drive system then guides the vehicle
toward the target. Experimental evaluations demonstrate that the vehicle
can accurately track and follow the object in real time. The results also
indicate that when the vehicle moves at speeds below 4 km/h, the tracking
path deviation remains within 20 cm. With the achieved specifications, the
design is suitable for integration into target-following control systems for
robots and autonomous vehicles used in civilian applications.
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Ngay nay, robot va cac phuorng tién ty hanh c6 vai trdo quan trong trong
cudc sdng ciing nhu san xuat. Trong nhiéu truong hop, doi héi phuong
tién phai c6 kha niang ty dong di chuyén bam theo mot ddi twong hoic
con ngudi cho trude. Trong bai bao nay, nhom tac gia thiét ké xe ty hanh
tu dong bam theo ddi twong sir dung song siéu cao tan bang thong rong
két hop v6i phuong phap toa do cuc. Hé thdng gdm 3 bo thu phat song
siéu cao tan bang thong rong. 2 bo gan trén xe dugc dung lam cac d1em
méc goi 1a cac nit Anchor va 1 bd thu phat dwoc gén trén d6i twong can
bam theo goi 1a nut Tag. Dua vao hé toa do cuc, hé théng dinh vi trén xe
xac dinh dwoc vi tri nat Tag, sau d6, bo dan dong s& diéu khién xe di
chuyén dén vi tri ciia ddi twong. Qua danh gia thuc nghiém, xe tu hanh c6
kha nang dinh vi va di chuyén bam ddi twong lién tuc trong thoi gian
thuc. Pdng thoi két qua ciing cho thdy, khi phuong tién di chuyén véi tc
d6 dudi 4 km/h, khoang sai léch quy dao ciia phuong tién bam ddi tuong
dugc chi dinh véi sai léch dudi 20 cm. Véi cac thong sb dat duoc, thiét ké
pht hop dé ing dung vao hé thng diéu khién bam déi tugng cho robot va
xe tu hanh dung trong dan dung.
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1. Gigi thigu

Trong bdi canh phat trién manh mé& cia cong nghé ty dong hoa va robot di dong, cac hé thong
xe ty hanh bam theo d6i twong dang ngay cang dugc quan tam va ung dung rong rai trong nhiéu
linh vuc nhu logistics, gidm sat an ninh, hd tro cham soc y té va robot dong hanh [1]. Khéc véi
cac phuong tién tu hanh di chuyén theo 16 trinh ¢b dinh, xe tu hanh bam theo d6i twong doi hoi
kha niang xac dinh vi tri va di chuyén lién tuc theo mot muc tiéu dang chuyén dong, vai quy dao
khong xac dinh trudc va thay ddi lién tuc theo thoi gian thuc [2].

Dé hién thuc hoa diéu nay, cac xe tu hanh can c6 hé thdng dan duong, diéu hudng tu dong.
Tuy nhién cac giai phap dinh vi, dan duong pho bién boc 16 mot sé han ché. GPS gap kho khan
trong viéc dan dudng trong moi trudng kin c6 mai che va do chinh xac khong cao (sai sé dinh vi
trén 1 m) [3], IPS (Indoor Positioning System) doi hoi trién khai phuc tap [4]. Vach ké duong
hodc cap tur truong lai 1am giam tinh linh hoat cua phuong tién [S]. Trong khi d6, cac phuong
phap hién dai nhu str dung camera két hop véi thi giac may tinh lam chi phi ciia hé thdng ting
cao, dé bi nhidu trong moi truong phuc tap (4nh sang, vat can...), kho ma rong véi nhiéu xe [6].

Trudc nhiing thach thie trén, nhom tac gia lua chon tng dung cong nghé song siéu cao tan
bang thong rong (Ultra-Wideband — UWB) dé thiét ké va che tao mot hé thong xe ty hanh bam
theo dbi tuong voi do chinh xac cao, gia thanh ré va cé tinh on dinh trong nhiéu diéu kién hoat
dong. UWB 1a cong nghé dinh vi khong day thé hé méi, sir dung song xung tan s rat cao
(khoang 3,1 dén 10,6 GHz) dé guri thong tin trong dai bang thong cuc rong. Qua trinh nay khong
can diéu ché cao tan nhu cac hé thdng truyén dan ding cong ngh¢ song RF (Radio Frequency)
thong thudong. Cong nghé nay cho phép do khoang cach vai sai s6 chi vai centimet, chdng nhiéu
t6t va phu hop cho cac ung dung trong nha 14n ngoai troi [7]. Két hop voi mé hinh diéu khién
dua trén toa do cuc (Polar Coordinator) [8], hé thong xe tu hanh duoc thiét ké co kha ning lién
tuc xac dinh vi tri ctia muc tiéu va tu diéu hudng dé bam sat dbi twong mot cach hiéu qua.

2. Phuwong phap nghién ciru
2.1. H¢ théng dén dwong bam doi twong siv dung séng siéu cao tin bang thong réng

Dé phuong tién tu hanh co thé di chuyén bam theo ddi tuong thi mot trong cac yéu cau quan
trong nht 1a tai mot thoi diém bét ky, hé théng dinh vi, din duong cua xe phai xac dinh duoc vi
tri cua d6i twong 1a duy nhét trong khong gian [9]. Ap dung phuong phap toa do cuc [8] toa do
diém C bt ky trong mit phing co thé xac dinh dua vao toa do biét truéc caa 2 diém cd dinh 1a A
va B. Gia sir C ¢6 toa do 13 (x,y), theo Hinh 1, (x, y) c6 thé x4c dinh theo phuong trinh (3) va (4).

cosa = at+ciob? 1)
2ac

sina = V1 — cos?a 2

X =c.cosa 3)

y =c.sina 4)

Trong do: a 1a géc tao boi hai doan
thang AC va AB, a 1a d6 dai doan AB,
b 1a do dai doan BC, c 1a d¢ dai AC. A
va B ¢b dinh nén do dai a biét trude,
nguoc lai khoang cach b, ¢ phai xac
dinh gian tiép thong qua viéc do thoi
gian truyén song (ToF) cua séng siéu

Hinh 1. Phuong phap toa do cuc xdc c?‘inh toa do cao tan bing thong rong [4].
doi twong dua vao 2 diém moc

Dé tng dung UWB vao do khoang cach, méot bo thu phat song UWB gén trén dbi twong can
dinh vi va mét bo thu phat gin vao diém mdc. Khi d6, khoang cach twong ddi gitra dbi tuong
dinh vi va xe ty hanh thong qua thoi gian truyén song TOF (Time of Flight) [4], [10] nhu Hinh 2.
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Hinh 2. Po khodng cdch dya theo thoi gian truyén séng (TOF)

Mic du vi tri ciia ddi tuong va xe lién tuc thay ddi trong qua trinh di chuyén, nhung nho UWB
truyén tin hiéu voi van toc anh sang va bo thu phat 1dy mau rat nhanh (hang trim lan mdi gidy)
[11], nén khi d6i tugng di chuyén cham, khoang cach tir diém médc dén ddi tuong van cé thé dugc
tinh theo cong thuc (8).

Tx=T,-T: (5) T=Tqu- Tx': (7)
Tov=T3-To (6) Khoang cach can do=C x T/2 (®)

Trong d6: To, T, 14 thoi diém gui ban tin; Ty, T 1a thoi diém nhan ban tin. Ty, 1a thoi gian xir
Iy noi bo ciia bo thu phat UWB. Toy 1a thoi gian quay vong, tinh tir khi bo thu phét ¢ diém mdc
giri ban tin dén khi n6 nhan dwoc ban tin phan hoi tir di twong. T 14 thoi gian thyc té di chuyén
cuia song khi ban tin duoc gui di theo 2 chiéu. C 1a van tdc truyén song dién tir Xap i van téc anh
sang [4], [10].

2.2. Thiét ké va ché tao xe tw hanh

Cin ctr vao phuong phap dinh vi theo hé toa do cuc, toan by hé théng can cé 3 bd thu phat
song UWB. Trong d6 mot bo duoc gin véi dbi tugng can bam theo goi 1a nut Tag, hai bd con lai
dugc gén trén xe ty hanh (goi 1a nit Anchor) [12]. Hai nat Anchor nay giri thong tin vi tri dbi
tugng vé cho bd vi xtr 1y trén xe. BO xtr 1y sau d6 tinh toan va diéu khién chuyén dong cia bbn
dong co banh xe thong qua module diéu khién dong co. Céu tric tong thé ctia hé thong dugc thé
hién & Hinh 3.

—

~ —
— _ANTEN ANTEN _ —

[BO THU PHAT [BO THU PHAT

UWEB UWB
—_— )
- ECHOR 1 | ECHOR:2
ANTEN
T T BO THU PHAT
BO VIXU LY== UWB MODULE PIEU
[KHIEN PONG COj
) | DQNGCGI' | DQNGCOZ' |DQNGC03 | |})QNGC04 |
NUT TAG

XE TU HANH
Hinh 3. Cdu tric co ban ciia hé thong

Trong thiét ké nut Tag, tac gia lya chon module DWM1000 1am bo thu phat UWB. Module
nay tich hop sin anten cia hing Decawave [11], c6 gia thanh phu hop, pho bién trén thi trudng
DWM1000 dugc két nbi vi bo mach ESP32 [12] tich hop san cac cbng /O lam bod vi xt 1y.
ESP32 ¢6 wu diém 1a str dung ngudn dién 5V va mirc dién ap tin hiéu 3,3V ph hop dau nbi truc
tiép vé6i DWM100. Ngoai ra ESP con tich hop san bo thu phat WIFI [13], bd nay c6 thé phuc vu
qua trinh mé rong va phat trién dé tai vé sau. So d6 ddu ndi va san pham nut Tag dugc thé hién
nhu Hinh 4.
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(b)
Hinh 4. Niit Tag, (a) so do két néi, (b) mach ché tao
Tuong tu nhu nat Tag, trong qua trinh thiét ké, ché tao xe ty hanh, d&¢ dam bao tinh twong
thich va ddng nhat cho cac thiét bi, nhom tac gia ciing sir dung 2 module DWM1000 lam b thu
phat song UWB ctia Anchor 1 va Anchor 2 trén xe. Bo mach ESP32 lam b vi Xt Iy chung cho
cac Anchor va bo diéu khién dong co L298N. Céc thiét bi dugc két ndi nhu Hinh 5a. Mach sau
ché tao thé hién trén Hinh 5b.

(@) (b)
Hinh 5. Xe ty hanh bam doi tirong, (&) Mach nguyén Iy va (b) anh chup

Tuy nhién, khi chi ding 2 nat Anchor dé do khoang cach dén nit Tag, hé thong dinh vi xuat
hién thém diém C’ (Hinh 1) d6i xting voi C qua truc AB, diém nay c6 thé giy nham lan trong qua
trinh dinh vi va diéu khién chuyén dong. Vi vay khi ché tao xe ty hanh, nhém tac gia da sir dung
tam kim loai gin phia sau bo thu phat DWM1000 dé giam cuong do tin hiéu [11] va dung
chuong trinh loai bo cac két qua do co cuong do tin higu song thap. Phuong 4n nay mic du lam
xe chi phat hién va bam theo cac dbi twong nam trong pham vi 180 d6 phia trudc xe nhung no
gitip giam d6 phuc tap va chi phi ché tao so véi phuong phap Triangle [12].

Cin cr vao chiic ning ciia niit Tag va xe ty hanh, chuong trinh phan mém cua hé thong theo
lwu dd thuat toan & Hinh 6 dugc nap vao cac bo vi diéu khién. Trong d6: Nut Tag dugc lap trinh
theo Iuu dd thuit toan & Hinh 6(a). Tag ludn & trang thai chd va lang nghe tin hiéu tir cac nit
Anchor. Khi nhén dugc ban tin gui tr mot Anchor, hé théng tién hanh xac thuc dia chi va kiém
tra ndi dung ban tin. Néu ban tin ¢6 dinh dang hop 1¢ (Msg = POLL) va dia chi phu hop, thi Tag
s& giri ban tin phan hoi vé cho Anchor.

Nut Anchor va xe tu hanh hoat ddng theo thuat toan & Hinh 6(b). Vi diéu khién trén xe dinh
ky thyc hié€n gui ban tin POLL dén Tag. Khi nhén dugc phan héi tir Tag, n6 s€ xac thyc dia chi
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ctia ban tin phan hoi, sau do tinh toan thoi gian lan truyén (Time of Flight) dé suy ra khoang cach
va toa dg cua Tag. Tur dir liéu dinh vi nay, by diéu khién trung tam s€ tinh toan 1énh di€u hudng
va diéu khién xe tu hanh di chuyén theo vi tri ctia Tag trong thoi gian thuc.

G tin

Trang thai
cho

Msg=POLL

Tinh khoang
cach., toa do

Gui t x .
11?’1 lmﬂ . Dieu hwdng xe
phan hoi

(@) (b)
Hinh 6. Luu do thudt todn dinh vi, (a) Nuit Tag va (b) Xe tu hanh
Trong qua trinh bam theo dbi tuong, sai s6 tir thiét bi do va sy dich chuyén ctia muc tiéu khién
toa d¢ guri vé xe thay doi sau moi 1an do. Néu tan s6 lay mau qué cao, xe phai diéu hudng lién tuc
diéu nay khién xe phan rng qué nhay véi tung dao dong nho trong dir liéu vi tri, dan dén hién
tuong rung giat hoac chuyén dong thiéu on dinh ctia xe. P& khac phuc, thuat toan diéu khién da
ap dung bd loc trung binh trugt dé tinh trung binh trén 20 mau do (N = 20) v6i chu ky lay mau Ts
= 10 ms nham lam muot tin hi¢u dau vao va giam tac dong cua sai so tc thoi. Tuy nhién phuong
an nay gay ra tré diéu khién T1r [14] véi:
Trg = —=Ts = =—.10 = 95(ms) 9)
3. Két qua va ban luan

Dé kiém tra danh gia hoat dong cua hé théng, nhom tac gia tién hanh 1am thuc nghiém véi
thiét bi trén miat phang nén xi mang. Theo kich ban, ddi twong can bam theo 1a mot ngudi trudng
thanh mang theo nut Tag di chuyén lién tuc véi toc do 4 km/h (1,1 m/s) theo quy dao 14 hinh chir
nhat. Hinh chit nhat c6 do dai cdc canh 1a 4 m x 5 m. Sau mdi gidy, vi tri ciia xe s& duogc danh
dAu, khi hoan thanh toan b quang duong toa do ctia 36 vi tri dugc danh diu va ddi sanh voi quy
dao di chuyén thuc ctia dbi twong. Két qua duogc thé hién theo dang sb liéu trén Bang 1 hodc dang
dd hoa nhu Hinh 7.

Qua thyc nghiém va dd thi dbi sanh cho th:fly réng xe tu hanh c6 thé di chuyén 6n dinh, bam
theo duoc d6i trong dinh trude trong toan bd qué trinh di chuyén theo thoi gian thuc. Ngoai ra xe
cling thé hién kha ning linh hoat khi d6i huéng theo ngudi din duong tai cac khic cua gap véi
goc 90 do.

Thém vao do, nhom tac gia cling sir dung phuong phap danh gia sai s6 CTE (Cross-Track
Error — Sai s6 léch quy dao ngang) dé danh gia sai s6 bam quy dao tham chiéu ctia phwong tién tu
hanh [15], [16]. Véi:

P.xg+Q.yo+K

CTE = N

(10)
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Trong d6: P, Q, K 1a hé sé cua phuong trinh duong thang quy dao tham chiéu P.x + Q.y +
K = 0 va xq, Yo 1a toa vi tri xe tai di€m khao sat.
Bang 1. Két qud thye nghiém vi tri xe tw hanh theo thoi gian thuc

TT X y TT X y 1T X y
1 285 98 13 608 405 25 118 468
2 325 115 14 592 460 26 108 417
3 381 107 15 574 480 27 90 387
4 431 94 16 540 497 28 103 336
5 479 89 17 485 488 29 87 279
6 529 108 18 437 506 30 109 225
7 572 111 19 385 493 31 92 176
8 584 139 20 334 489 32 95 138
9 614 180 21 283 506 33 116 124
10 609 242 22 234 511 34 140 111
11 590 302 23 184 490 35 190 91
12 585 355 24 126 485 36 239 85

So sanh dudng di xe tu hanh va quy dao tham chigu
/oi__.f_‘ _o!® 18 —— Quy dao tham chiéu

500 i L —— \,:/X —e— Xe tuhanh

o 200 400 600 800

Hinh 7. Dé hoa doi sanh vi tri ciia xe tw hanh véi quy dao tham chiéu

Bi€u d6 CTE theo thai gian

~e— CTE c6 ddu
x |CTE|>15

CTE

{ 2 ; 747 ; é 77 8 ‘JV 1‘;) IY) {? {37 ]vﬂ Vlér ;6 717 IVEV ]9’ 7{07 7]’ 722 ?3’ 24 257 726’ 72’7 Z'B ;Q ](; ; 7732 ;37 ;4 3‘5 7;67
Diém khao sat

Hinh 8. Ddanh gid sai s6 1éch quy dao ngang CTE (Cross-Track Error) cia xe tu hanh

Gia tri sai s6 dugc thé hién duéi dang dd thi trong Hinh 8. Db thi cho théy, cac diém 8, 15, 25,
33 ¢6 sai léch 16n xuét hién khi dbi tuong can bam theo ddi hudng tai goc cua 90 d va gia tri sai
léch 16n nhét chi 1a 20 cm tai diém 15.

Véi két qua thuc nghiém trén cho thdy rang: Xe tu hanh dap tmg yéu ciu bam theo nguoi dan
dudng di bo trong thoi gian thue v6i sai sb quy dao ngang chi trong khoang 2,5 cm - 20 cm. Thiét
ké xe chi sir dung 3 bd thu phat DWM100 thay vi 4 hodc 5 bd theo phuong phap Triangle [11],
gitip giam chi phi ché tao phuwong tién. Ngoai ra, v6i kha ning dia chi héa bo thu phét cia cong
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nghé UWB, gitp xe c6 thé nhan dang, phan biét thé Tag can bam theo, tranh tinh trang nham 1an
muc tiéu trong moi truong cé nhiéu ddi twong di chuyén. Cac dic diém quan trong nay giup xe
phtt hop cho cac ing dung chd hang hoa, hanh 1y theo ngudi ddn dudng tai siéu thi, san bay, kho
hang hodc chd thude, d6 ding theo nhan vién y té, ngudi bénh.

4. Két luan

Nbi dung bai bao da dé xuat thiét ké xe tyr hanh bam theo ddi twong, sir dung cong ngh¢ UWB
va phuong phap toa do cuc. Véi kha nang do khoang cach chinh xac va dia chi hoa b thu phat,
cong nghé UWB khéng chi gitip phuong tién tu hanh di chuyén, d6i hudng chinh xac theo quy
dao cua nguoi dan dudng ma con giip xe phén biét, nhén dang dung the Tag can bam theo. Tuy
nhién, hé thong van c6 sai s6 nhat dinh so voi quy dao tham chiéu. Trong tuong lai, nhom tac gia
du dinh cai thién hé thong bang cach tich hop thuat toan diéu khién PID, ap dung bo loc tin hiéu
dé giam sai sb, dong thoi trang bj thém cam bién va co ciu an toan nham dam bao xe hoat dong
6n dinh trong méi truong dong ngudi va phirc tap hon.
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