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TOM TAT

Nghién civu ndy dé xudt va phat trién hé thong dinh vi drone trong nha dira trén cong nghé
Ultra-Wideband (UWB), gom hai diém neo UWB c¢6 dinh va mét thé gan trén drone, vi tri dwoc xdc
dinh bang phirong phdp do thoi gian truyén song (Time of Flight) va gidi thudt lirong gidc két hop
binh phwong t6i thiéu. Thi nghiém dwoc tién hanh trong khéng gian 10 x 10 m, véi quy dao bay theo
dwong zigzag. Két qua cho thdy sai so tuyét doi trung binh (MAE) dat 0.19 m va sai sé binh phiong
trung binh (MSE) dat 0.038 m? thdp hon 30 cm tai hau hét cac vi tri. Hé thong c6 kha ning phén
biét chinh xdc cac vi tri gdn nhau va hoat dong on dinh trong moi truong co tin hiéu GPS han ché.
Nghién ciru khang dinh tinh kha thi ciia UWB trong viéc theo déi drone trong nha, dong thoi mé ra
hwdng tich hop véi cdc cam bién khdc dé ndng cao dg chinh xdc trong cdc g dung thuec tién.

Tw khoa: UWB,; Dinh vi trong nha; Drone; Theo doi vi tri.
ABSTRACT

This study proposes and develops an indoor drone localization system based on Ultra-
Wideband (UWB) technology that includes of two fixed anchors and a tag mounted on the drone.
Drone position estimation obtained through Time-of-Flight measurement and a trigonometric
approach combined with the least squares method. Experiments conducted in a 10 % 10 m area
with zigzag flight trajectories. The results show that the mean absolute error (MAE) reaches 0.19
m, and the mean squared error (MSE) 0.038 m? with positioning errors kept below 30 cm in most
cases. The system demonstrates the ability to accurately distinguish closely spaced positions and
operates stably in environments with limited GPS signals. The study confirms the feasibility of UWB
for indoor drone tracking and opens the potential for integration with other sensors to enhance
accuracy in practical applications.
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1. PAT VAN PE

Trong nhimg nim gan day, cong ngh¢
may bay khong nguoi li (drone) da phat trién
nhanh va ngay cang dugc Ung dung rong rai
trong nhiéu linh vuc khac nhau [1], [2]. Drone
dugc su dung trong quan sy [3], trong nong
nghiép chinh xac [4], gidm st moi truong [5],
kiém tra co sé ha ting [6], van chuyén hang hoa
[7], ctru trg va cuu ho trong thién tai [8]. M{t
trong nhitng yéu cau cdt 18i dé khai thac ti da
tiém ning cua drone v6i kha ning dinh vi va
diéu khién chinh xéc trong khong gian, dic biét
la trong cac mai truong phire tap nhu trong nha,
noi tin hiéu dinh vi toan cau (GPS) khong con
hi¢u qua.

Pé dap tng nhu cau dinh vi, nhiéu
phuong phap da dugc nghién ctru nhu GPS [9],
Wi-Fi [10], BLE [11] va Visual SLAM [12].
GPS ¢6 do chinh x&c cao ngoai troi nhung
khong hiéu qua trong nha; Wi-Fi va BLE chi
phi thip nhung sai s6 16n; con Visual SLAM
dat do chinh x4c t6t nhung phirc tap va phu
thudc diéu kién anh sang. Trong bdi canh dé
[13], UWB ndi bat nhd kha ning do khoang
cach chinh x4c & mirc cm, song van han ché vé
pham vi hoat dong, chi phi va can trién khai hé
théng anchor.

Trong nghién ctu nay tap trung vao
viéc tmg dung UWB cho bai toan dinh vi drone
trong khong gian hai chiéu (2D) vé6i cau hinh
chi gdm hai anchor. Muyc tiéu 1a kiém chung
tinh kha thi va hiéu qua cia UWB khi st dung
trong moi truong trong nha, noi ma cac giai
phap dinh vi truyén thong thuong gip nhidu
han ché.

2.NGUYENLY VA CONG NGHE SUDUNG

Nguyén ly hoat dong cia UWB dua trén

kha ning truyén va thu cac xung vo tuyén co
bang thong siéu rong (>500 MHz). Bing cach
do chinh xé4c thoi gian truyén song (Time of
Flight — ToF), hé thong c6 thé xac dinh khoang
cach gitra thiét bj gin trén drone (UWB tag) va
cac diém neo cb dinh (UWB anchors).

Trong md hinh nghién ctru ndy, hé théng
chi st dung hai anchor dé do dac, nham danh
gia d6 chinh x4c cua cong nghé UWB khi sd
lugng diém tham chiéu han ché. Khi do, vi tri
ctia drone khong dugc xac dinh tuyét dbi trong
khong gian 3D nhu cic hé thong c6 >4 anchor,
ma chu yéu duoc tinh toan khoang cach tuong
d6i va su thay doi vi tri theo truc toa do duoc
thiét 1ap. Két qua nay cho phép kiém chimg kha
ning do khoang cach va danh gia sai sé dinh vi
trong céc kich ban tbi gian.

3. PHUONG PHAP NGHIEN CcUU
3.1. M ta phn cing

Drone nghién ctru dugc thiét ké dudi
dang quadcopter, khung chir X, vdi cac thanh
phan chinh nhu Hinh 1. Khung ctia Drone duoc
thiét ké bang khung nhya va cang dap bang
carbon fiber chic chén, nhe, co kha nang chiu
tai t6t d¢ mang theo cic cam bién va module
phu trg. Ngudn pin LiPo 6 cell dung luong
5200 mAh, dam bdo thoi gian bay thuc nghiém
tir 12-15 phiit. Mot UWB tag dugc gin 1én than
drone.

ol iy by kg i b
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Hinh 1. Cdu tao hé thong may bay khéng nguoi ldi
su dung UWB
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3.2. Giai thuat dinh vi

Dé xéac dinh vi tri cua x va y cia UWB
tag trong ko gian 2D, chiing t61 su dung phuong
phap luong giac. Dé don gian hoa bai toan, ta
dat h¢ toa do anchor 1 ndm ¢ gdc toa do (0, 0)
anchor 2 nam trén truc x cia hé toa do cach gbc
toa do mot khoang d, nén co toa do (d,0). Toa
do clia tag UWB can tim 1a (x,, y,). Hinh 2 thé
hién vi tri cua tag va cac anchor UWB trong
khong gian hai chiéu.

Hinh 2. So dé bé tri vi tri ciia cdc UWB anchor va
UWB tag

Ap dung dinh 1y Pythagoras cho ca hai
tam gidc vudng tudng tuong dugce tao bdi tag
va hai anchor:

Tur anchor 1:

xp+y; =dy (1)

Ttr anchor 2:

(% —d) +y; =d; @)

Khai trién phuong trinh 2:
—2x,d+d’+y; =d} 3)

Thay phuong trinh (1) vao phuong trinh
(3), ta co:
d> =2x,d +d* =d’ 4)
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Giai phuong trinh (4), ta xac dinh dugc
vi tri x cia UWB tag:

(&3 -d}-d*)
2d

Sau khi da ¢6 x, ta chi can thay gid tri
nay vao phuong trinh (1) dé tim ¥ Ta chi lay
nghiém duong cua y. theo hinh 2:

Xp=—

)

y, =4Jd’ —x; (6)

Trong thuc té, do tOn tai nhiéu va sai sb
trong cac phep do khoang cachd , d,, h¢ phuong
trinh x&c dinh vi tri doi1 khi khong c6 nghiém
chinh xac. Dé khic phuc, nghiém gan ding cua
vi trf (x,y) duoc ude lugng bang phuong phap
binh phuong t6i thiéu (Least Squares), tirc 1a
tim nghiém sao cho sai s binh phuong gitra
khoang cach do va khoang cach tinh toan tur toa
d6 (x,y) 1a nho nhét:

2

n)},iynzz:(\/(x_xi)z"'(y_yi)z _di) (7)

3.3. Phuong phap danh gia

Trong nghién clru nay, do chinh xéc
dinh vi cta hé théng UWB duoc danh gia theo
b tri thi nghi¢ém & Hinh 3, v6i hai anchor dat
tai goc khu vuc thi nghiém (cao 1 m, cach nhau
10 m). UWB tag duoc gian gan trong tim drone
dé giam anh hudng rung lic. Tai mdi nit ludi,
drone giit 6n dinh 60 gidy dé thu thap it nhat
600 mau & tan s6 10 Hz. Dit liéu sau d6 dugc
xtr 1y dé tinh MAE va MSE, trong d6 MAE &
phuong trinh (8) phan anh sai s6 trung binh con
MSE & phuong trinh (9) nhay hon véi sai sd
16m, gitip danh gia toan dién do chinh xac hé
théng:

MAE = %ZN:quwB,i = Xe,i| T

|yUWB,i T Vivue,i
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N
MSE = %z [xUWB,i - xTrue,i :|2 + I:yUWB'i - mie’i :|2 (9)
i=1

Trong do:
« N: Téng s6 diém dir liéu.
’ * (Xpwe 1 Yywe» 1): Toa dd do dugc tir hé
thong UWB.
* (Xpper b Yoo 1): Toa d0 thuc té.

Hinh 3. M6 hinh danh gia do chinh xac cua UWB
tag dwoc gan trén drone

4. THU'C NGHIEM VA KET QUA

Phan nay trinh bay chi tiét vé quy trinh
thi nghi€ém dinh vi drone st dung cong nghé
UWB (Ultra-Wideband). Muc ti€éu cua thi
nghiém la do va ghi lai vi tri cia mot UWB tag
dugc gan trén drone trong mot khong gian xéac
dinh.

4.1. Bo tri thi nghiém

Mo hinh thi nghiém bao gdm mot hé
thdng dinh vi v6i hai UWB anchor duoc dit cb
dinh, cach nhau mot khoang 10 mét. Bé do vi
tri ban dau cua drone, chung t6i str dung toa do
tuyét d6i trong hé théng UWB. Vi tri khoi dau
cua drone, dugc ky hiéu la diém A, duoc xac
dinh tai toa do (x =1 m, y = 3 m) so v6i hé truc
toa do cua h¢ théng UWB.

4.2. Quy trinh di chuyén ciia drone

Drone thuc hi¢n 1§ trinh bay zigzag
nhu minh hoa & Hinh 5. TUr diém A, drone di
chuyén ngang sang phai theo timg budc 2 m,
dirng 1 phat & mdi vi tri dé ghi dir liéu. Sau do,
tai diém B, drone dich chuyén 2 m theo phuong
doc rdi tiép tuc di chuyén ngang sang trai theo
cung cach. Bén diém D, drone lai tién thém 2 m
theo phuong doc va cudi ciing bay ngang sang
phai dén diém C, lap lai quy trinh dimg va ghi
dit liéu tai mdi vi tri.

Hinh 4. M6 hinh thi nghiém dé do vi tri cia drone
0 moi truong trong nha
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Hinh 5. M6 hinh thi nghiém dé do vi tri cia drone
0 moi truong trong nha
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4.3. Két qua thi nghiém

Bang 1 trinh bay gia tri MAE va MSE
tai 12 vi tri ludi trong khu vuc khéao sat. Co
thé thay sai sd tuyét d6i trung binh (MAE) dao
dong tir 0.08 m dén 0.29 m, trong khi MSE
tuong Ung nam trong khoang 0.005-0.077 m2.
Gié tri trung binh toan h¢ théng dat MAE =
0.19 m va MSE = 0.038 m?, chung té dg chinh
x4c dinh vi UWB 6n dinh & mirc duéi 0.2 m.

Mot s6 vi tri 6 sai s6 thap dang ké, nhu
(1,3) v6i MAE = 0.08 m, cho thay diéu kién do
tai khu vuc ndy it chiu 4nh hudng cua nhiéu tin
hiéu. Nguoc lai, cac vi tri nhu (3,3), (5,7) va
(7,7) c6 MAE 16n hon (0.25-0.29 m), nhiéu kha
ning do bd tri anchor chua tdi wu.

Nhin chung, hé théng UWB thé hién
kha nang phan biét chinh xac cac vi tri cach
nhau chi khoang 1 m, vugt xa gidi han cia GPS
standalone (1-3 m). Diéu nay khang dinh UWB
hoan toan kha thi cho cac ing dung theo doi vi
tri trong khong gian hep, chang han giam sat
chuyén dong phuong tién hodc robot trong kho
bai va nha xudng.

¥_LUWi

X_LAWE
Hinh 6. Vi tri ctia UWB tag gdn trén drone khi bay
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Bdng 1. Sai s6 phép do ciia UWB theo phirong
phap MAE, MSE

VI XY) | VAR [my MSE [m?]
[m]
(1,3) 0.08 0.005
(3.3) 0.27 0.061
(5.3) 0.22 0.034
(7.3) 0.16 0.015
(1,5) 0.19 0.07
(3.,5) 0.21 0.026
(5.5) 0.1 0.007
(7.5) 0.14 0.056
(1,7) 0.2 0.03
(3,7) 0.18 0.023
(5.7) 0.29 0.07
(7,7) 0.25 0.077

Trung binh 0.19 0.038

5. KET LUAN

Nghién ctru nay da dua ra tinh kha thi
cua ung dung cong ngh¢ UWB cho dinh vi va
theo doi may bay khong nguoi lai trong moi
truong khong c6 GPS. Véi cau hinh tdi gian chi
hai anchor, hé théng van dat duoc do chinh xac
dudi 0.3 m, du dé phuc vu nhiéu ung dung thuc
tidn. Két qua mo ra tiém nang tich hop UWB
v6i cac cam bién khac nhu IMU hay camera
nham nang cao hi¢u suat dinh vi, nham dinh
huéng nghién ctru tiép theo vé toi wu bd tri
anchor dé mo rong sang moi truong 3D. Nho
vay, UWB c6 thé tr¢ thanh nén tang quan trong
hd trg diéu khién chinh xac drone trong tinh
hubng khéng c6 tin hiéu GPS.

Ngay nhan bai: 26/8/2025
Ngay phan bién: 09/9/2025
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