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TOM TAT

Nghién ciru nay dwoc thuc hién nham d@é xuat giai phap lap ké hoach
di chuyén cho hé robot tay may két hop thiét bi bay khong ngieoi lai
(UAV). Ban dé s dwoc tao tir hinh anh ciia méy anh gdn trén UAYV,
chira thong tin vé chuong ngai vat va cdc vi tri muc tiéu. Thudt toan
Dijkstra dwoc sir dung dé tinh todn dirong di ngan nhat, givp robot di
chuyén dén cdc vi tri dich va tranh va cham. Phirong phdp do quang
dwong di chuyén (c odometry) duoc ap dung dé xdc dinh vi tri ciia robot,
voi dit liéu duoc truyén vé may tinh diéu khién qua giao thirc UDP.
Tai méi diém xdc dinh, robot dung may anh RGB-D aé phat hién muc
tiéu va diéu khién tay may gdp vat khi di gan. Két qua thiee nghiém
cho thdy hé thong hoat dgng hiéu qud trong méi truong ngodi troi,
dam bdo kha nang di chuyén, dinh vi va thao tac chinh xdc. Két qua
nghién citu cho thay tiém nang vmg dung ciia hé robot tay mdy tw hanh
trong cdc nhiém vy ngodi troi, dac biét 6 nhitng khu vuc kho tié}? can.

Tir khéa: H¢ robot tay mdy di dong, thudt todn Dijkstra, ldp ban
@6 bang UAV, ldp ké hoach di chuyén ngodi troi, gdp vt thé

ABSTRACT

This study proposes a motion planning solution for a mobile
manipulator system integrated with an unmanned aerial vehicle
(UAV). A digital map is generated from images captured by a
camera mounted on the UAV, containing information about
obstacles and target positions. The Dijkstra algorithm is used to
compute the shortest path, allowing the robot to reach designated
targets while avoiding collisions. An odometry-based method is
applied to estimate the robot’s position, with data transmitted to
the control computer via the UDP protocol. At each specified
location, the robot uses a camera to detect the target and activates
the manipulator arm to grasp the object when within range.
Experimental results showed that the system operates effectively in
outdoor environments, ensuring accurate navigation, localization,
and manipulation. The study demonstrated the potential of
autonomous robotic manipulators for outdoor applications,
especially in areas that are difficult to access.

Keywords: Autonomous mobile manipulator, Dijkstra algorithm,
object grasping, outdoor path planning, UAV mapping.
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1. GIOI THIEU

H¢ robot di dong tich hop tay may (mobile
manipulator) 1a mot nén tang robot két hop giita kha
ning di chuyén linh hoat ctia robot di dong va kha
ning thao tac vat 1y ctia tay may robot. Cau tric hé
thdng bao gdm mot nén tang di dong (ching han nhu
robot banh xe hoac robot chan), mét canh tay robot
¢6 nhiéu bac ty do, cing vai hé thong cam bién va
diéu khién tich hop. Su két hop nay cho phép robot
thuc hién céc tdc vu phuc tap trong mdi trudong
khong cau tric, nhu di chuyén dén vi tri lam viéc,
thao tac voi ddi tugng, va twong tac voi con ngudi
hodc thiét bi. Nho tinh linh hoat va kha nang thich
ung cao, hé robot nay dang dugc nghién clru va Gng
dung rong rai trong cac linh vyc nhu logistics thong
minh, cham soc y té, tham hiém, va san xuét tu dong.
Trong nghién ciru, linh vyc nay bao gdom mot sd
hudng nghién ciru chinh bao gom thiét ké gép vat va
diéu hudng robot di dong (Sandakalum et al., 2022).

Viéc nghién ctru thiét ké robot di dong tich hop
hé tay méay duoc thuc hién dé gip vat trong moi
truong ban cau tric (Stibinger et al., 2021), trong
moi trudng trong nha (Haviland et al., 2022) va thiét
ké gip vat c6 tich hop hé thong méay anh sé din
duong (Chen et al., 2019). Bén canh d9, viéc thiét
ké diéu khién gip tha co6 thé duoc timg dung vao kho
hang dé luu trir va truy xudt ty dong (Bogue, 2016),
g dung d6i véi cac ho gia dinh va trong vin phong
(Hawes et al., 2017; Triebel et al., 2016).

Céc thuat toan 1ap ké hoach ciing dugc chia
thanh hai nhom bao gom 1ap ké hoach di chuyén cho
toan hé va lap ké hoach cuc bd cho tay may gép vit.
Tai nhém dau tién, hé robot tay may dugc din
dudng tir anh c6 cao dg xac dinh va xem xét toan bd
hé nhu mot ddi tugng, khong tach biét. Bén canh cac
giai phap c6 dién nhu A* va ARA* (Su et al., 2011;
Liu et al., 2016; Gochev et al., 2012), cac giai phap
hién st dung tri thong minh nhan tao (Li et al., 2024;
Chen et al., 2021; Yin et al., 2024). Thém vao do,
c4c nghién ciru gan day tip trung vao nghién ctru
dan duong cho robot di dong tir may anh s6 tich hop
1én thiét bi bay khong nguoi 1ai (Pretto et al., 2021;
va Spurny et al., 2019). Thém vao do, viéc 1ap ké
hoach gép vat cho toan h¢ cling duoc nghién curu va
phat trlen Huong nghién ciru nay dugce xac dinh bao
gdm oOn dinh vi tri va van tdc cho xe khi ap sat dbi
tuong (Tzafestas, 2019 va Yu, 2018) va thiét 1ap quy
dao dé tay may co thé gap duoc vat (Sanchez-Ibafiez
etal., 2021; Gul et al., 2021).

Trong nghién clru nay, giai phap didu hudng
robot di dong tir thiet bi bay khong nguoi 1ai c6 tich
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hop may anh s6 va phuong phap tao ban do sé dé
diéu huéng hé robot tay may tir may anh sé dugc
tich hop trén UAV da dugc trinh bay. Ban d6 hién
thi cac thong tin vé chudng ngai vat, cac vi tri dich
va duoc s6 hoa va chia luéi dudi dang nhi phan dé
lam dau vao cho lap ké hoach di chuyén. Tiép do,
giai phap duong di ngén nhét Dijkstra dwoc sir dung
dé robot co thé né chuéng ngai vat va di qua tat ca
cac diém dich dén. Khi dén ting vi tri myc tiéu,
robot tim ddi tuong gap bang méay anh s6 RGB-D c6
thé tinh dugc khoang cach tir may anh dén vat thé.
Sau khi gép duoc vat muc tiéu, robot tiép tuc qua
trinh di chuyén dé hoan thanh 1§ trinh d2 ra.

2. PHUONG PHAP
2.1. Thiét bj va so dd téng quat cia hé théng

Thiét bi sir dung trong bai bao nay bao gdm mot
robot di dong P2DX da duoc chinh stra lai [cite] ¢
tich hop mdt tay may 4 bac tu do va mdt may anh $6
RGB-D. Mot may bay khong nguoi lai (UAV) c6
tich hop may anh so de 1ap ban dd ving thi nghiém.
Thi nghiém duogc tién hanh tai sin bong chuyén
truong Bach Khoa, Truong dai hoc Can Tho, véi
vung thi nghiém c6 dién tich 6 met x 9 met (Hinh
1). Thong s6 k¥ thudt cua cac thiét bi st dung trong
nghién ctru dugc trinh bay tai Bang 1.

Hinh 1. Thiét bi va bd tri thi nghiém
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Bang 1. Thong sé k§ thuit ciia cac thiét bi sir
dung trong nghién ciru

Tén thiét bi Thong s6 k§ thuit
o 485 x 381 x 219 mm
Robot di dong 18.25kg
Tay may Tam véi 715.71 mm
UAV Cao d0 9 m

May anh RGB-D  Astra Pro (1280 x 720 pixel)

Thu thap hinh anh tir UAV

v

M6 hinh héa ban dd sd
moi trudong hoat dong

v

Lap ké hoach dudng di va
diéu hudng robot di dong

v

Phat hién va do khoang
cach vat gap

v

Diéu khién tay may gap
vt

Hinh 2. So db téng quat ciia nghién ciru

Qua trinh thyc hi¢n dé tai s& dugc thyc hién nhu
Hinh 2. UAV duoc thiét 1ap bay ¢ cao d9 9 m, dé
thu thap anh khu vuc thi nghiém. Qua trinh xt ly
anh duogc thyc hién nhdm mé hinh héa méi trudng
hoat dong bao gdm cac budc sau: chuyén sang dnh
xam, loc nhiéu, phat hién marker va hiéu chinh do
cong anh tr 36 xac dinh chinh xac toa d§ chudng
ngai vt va cac dich dén. Dit liéu nay dwoc chuyén
thanh ban dd ludi nhi phan, 1a ngd vao cta thuat toan
Dijkstra tinh toan dwong di ngan nhat cho robot qua
c4c diém dén. Robot di dong Pioneer P2-DX sir
dung Odometry dé uéc lwong vi tri va hudng di
chuyén, tuan theo 16 trinh Dijkstra téi ting dich.
Trong qua trinh di chuyén, camera 3D gén trudc xe
lién tuc quét va do khoang cach dén vat gép, khi vat
nam trong khoang lam viéc cua tay may 4 bac ty do,
hé thdng tinh toan dong hoc nghich dé xac dinh goc
khép nam trong gidi han lam viéc va thuc hién thao
tac gap vat.
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Hinh 3. Bién d6i phdi cianh ban d6 va mé hinh
hoéa ban do

2.2. XAy dung ban dd sb tir UAV
2.2.1. M6 hinh héa ban d6 sé méi truong hoat
dong cua robot di dong

Mo hinh héa ban d6 14 qué trinh xir Iy 4nh dau
vao tir UAV thanh ban dd dang ludi nham phuc vu
cho thuat toan tim duong di ngén nhét Dijkstra. Dau
tién, anh thu thap tr UAV dugc chuyén thanh dang
xam va xac dinh vi tri cia 4 marker (Hinh 3). Dya
trén toa d§ tam cua ting marker, mét phuong phap
bién d6i phéi canh (perspective transform) duogc st
dung dé hiéu chinh do cong anh. Anh sau khi dugc
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bién doi phdi canh co kich thuée 600 x 900 pixel
tuong tng véi 600 x 900 cm ngoai thuc te.

Pau tién, anh dau vao (RGB) dugc bién ddi
thanh anh xam (gray) (0 - 255). Sau do, bo loc
Bilateral két hop phuong phép phat hién canh Canny
dugc sir dung dé phat hién vi tri canh cua cac khoi
chudng ngai vat ciing nhu vi tri cac dich dén cua
robot. Trong nghién ctru nay, cac khdi hinh da giac
duoc xem nhu 1a chuéng ngai vat, tdm céac khéi hinh
tron duoc xem nhu vi tri can di chuyén dén. Gia tri
ngudng muc xam thiét 1ap trong nghién ciru bao
gom ngudng dudi Ty, = 35 va ngudng trén
Tyieu = 150.

Sau khi phat hién va xac dinh cac chudng ngai
vat, anh dugc chia thanh ludi gém 90%x60 6 vudng,
mdi 6 10 pixel twong Gmg véi 10 cm trong thyc té
(kich thudce ban dd 900 x 600 cm). Pdng thoi, mot
ma trén nhi phan dugc tao nham phuc vu thuat toan
diéu huéng cho robot di dong.

2.2.2. Ap dung thudt todn tim dwong di ngdn

nhdt Dijkstra

Dé robot co thé di chuyén ma khong va cham
vao cac chudng ngai vat, cac chudng ngai vat dugc
phong to dién tich hon so vai kich thudc thuc té
(Hinh 4). Dya trén ban do phong to, thuat toan
duong di ngan nhét Dijkstra dwoc mo hinh hoa dudi
dang d6 thi dé tim duong di ngin nhat cho robot
G=(V,E)voi:

e I/ la tap hop céc vi tri kha thi. Trong nghién
ctru nady, V'1a tap hop cac dinh phong to cua chudng
ngai vat.

e u, vEE la tap hop cac khoang cach di chuyén

Muc tiéu cuia thuat todn 13 tim ra dudng di cod
trong s nho nhat tir vi tri xuat phat. Thuat toan dugc
bét dau bang khoi tao gia tri khoang cach d(v) cho
mdi dinh nhur sau:

(1

Thuat toan duoc tién hanh theo chién luoc tham
lam. Tai moi budc, chon dinh d(u) c¢6 gia tri nho nhat
va cdp nhat cac gia tri dinh lién ké theo phuong
trinh:

dv=0,néu v=stoo, n€u v £Ss.

d(v) = min(d (v), d(u) + w(u, v)) 2
Voi:
1, néu u,v 14 canh k&
w(u, v)= R : 3)
®.v) {\/5, néu u,v la canh chéo
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2.2.3. Vi tri robot di dong trong ban do s6

Sau khi tinh toan ra dudng di ngan nhét, quy dao
duong di dugce truyén tir may tinh diéu khién xudng
vi diéu khién ESP32 thong qua giao thirc UDP. Vi
diéu khién tinh toan quang duong va dinh vi cac goc
quay bang cam bién IMU MPU6050. K¥ thuat do
quang duong di chuyén cia robot (odometry) duge
tinh toan dya theo so xung cua encoder va sai sO
trong qua trinh di chuyén nhu sau:

Apulse = pulse — prepluse (4)
Vi
e Apulse: 1a d6 l1éch xung theo thoi gian
e prepluse: la gia tri xung cua lan cap nhat -
1
e pulse: 14 gia tri xung cta lan cap nhat ¢

Equation Chapter (Next) Section 1 Goi Dy, D
1a khoang cach di chuyén cta hai banh xe so véi vi
tri trudc @6 trong hé toa dd Descarte. Luc nay
khodng cach di chuyén duoc tinh nhu sau:

Apulsep; X C

D., =
Rl 9850

(%)
Véi: C 1a chu vi banh xe, 9850 14 s6 xung trén 1
vong banh xe.

Tinh quang duong trung binh va goc quay cua
xe khi di chuyén theo (6 - 7) v6i B la khoang cach 2
banh xe.

Dp+D
Dc:u (6)
2
Dg + Dy
A0 = ——— 7
B (7

Vi tri hién tai cua robot di dong dugc xac dinh
bai (8).
x'=x+ D¢ X cos(40)
y'=y+ D¢ X sin(40)
Dp + Dy
B
2.3. Diéu khiél} gip vat bing hé tay may —
may anh so

®)
6'=

2.3.1. Phwong trinh dong hoc cua tay may

Tay may dugc tich hop trén robot di dong la
dang 4 bac tu do toan khop xoay, trong nghién ciru
nay, tay may duoc 1ap trinh sao cho khau gap luén
huéng xudng vudng goc voi mat phang gip, tir d6
hé toa d tay may trong hé toa d6 Descarte dugc
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thiét 1ap nhu Hinh 4 va bang thong sé DH duoc xay
dung nhu trong Bang 2-

Bing 2. Bang thong s6 DH cho tay may

Khau 0; di aj Qi
1 0, d; 0 /2
2 92 0 az 0
3 03 0 a3z 0
4 04 0 ag 0

Vi 6; 1a goc quay cua cac khép, d; 1a khoang
cach cuta 2 truc x¢.1) va X; doc theo z.1), a;1a khoang
cach cua 2 truc zg.1y va z; doc theo x;

a) Hinh chiéu canh tay mdy

Tdp 61, S6 34 (2025): 33-41

N X a N
Zl X2 2
a a3
“0 X Z
3 3
=, s

\\ N 04

X4 Zy

b) Hinh chiéu dimg tay mdy

Hinh 5. Mé hinh hinh chiéu ciia tay may

Pong hoc nghich robot sé€ tinh theo mot truong
hop v6i chiéu lam viée hudng xudng cia tay may,
day 1a dang hinh hoc ciia robot khi gip vat trong thi
nghiém. Phuong trinh ddng hoc nghich cta tay may
dugc thiét 1ap dudi dang mo hinh hinh hoc (Spong
et al., 1989) nhu Hinh 5.

Khi d6 khép thir nhat dugc xac dinh:

0, = atan2 <y4> 9)
X4

V6i Oq (X4, ya, 24) 12 Vi tri cubi cung va ¢ 1a toa
do biét truge, ¢ la goc gip cua khau cu01 Do goc
gap khau cubi ¢ luoén huéng xudng dé gap vat. Khi
do:

@=0,+60;+6,=-90 (10)
0, =a;+a, (11)

6; =180-p (12)
0,=-90- (6, +03) (13)

2.3.2. Nhdn dién va do khoang cdch vit gdp

Trong nghién clru nay, mot may anh s6 RGB-D
Astro Pro, lap dét phia trude robot, dugc st dung dé

tim vét gép va xac dinh toa d6 vat gip so v6i hé robot
tay may. May anh s6 bao gdm 1 mdy anh thudng
(RGB) va mot anh héng ngoai (Depth) c6 thé do
dugc khoang cach tir may anh dén vat. Khong gian
mau HSV va phan ngudng dugc sir dung dé loai bo
nhiéu va xac dinh vi tri vat, trong nghién ctru ndy gia
tri tdi thiéu va tbi da lan luot la: min(H,S,V) =
(103,121,0) va max(H,S,V) = (255.255,255).
Sau d6, anh s& duoc khir nhiéu va tao duong vién.
Khoéang cach tir may anh dén vat dugc tinh theo
cong thic sau:

Depth
_WwxDepth (14)

W XF (15)

Depth =
Voi:

e F latiéu cy cua camera can tim.

e W la chiéu rong vat thé trong anh (theo
pixel).

e Depth la khoang cach thyc té tir camera dén
vat thé (cm).

e w la chiu rong thyc té cua vat thé (cm).
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3. KET QUA VA THAO LUAN
3.1. S6 héa ban dé va thiét 1ap dwong di ngin
nhat cho robot di dgng

Két qua xé4c dinh toa d6 diém dén va toa d6 dinh
cua cac chudng ngai vat duoc thé hién tai Hinh 6.
Ban dd bao gdm 7 chudng ngai vat (hinh tir giac) va
4 diém dén (hinh tron). Két qua cho thdy phuong
phéap d& xut co thé xac dinh duoc toan bd dinh cia
cac chudng ngai vat va tim cua diém di chuyén t6i.
Do chinh x4c cta toa dd diém duoc xac dinh thu
cong bang cach do khoang cach cua dinh cac hinh
ttr gidc dén vi tri goc dudi bén trai cia khung anh.
Qua4 trinh thi nghiém nay duoc lap lai bay lan véi
cac toa d6 va khoang cach khac nhau. Do kich thuédc
clia cac chudng ngai vat 1a khac nhau nén sai sb cta
chung ciing khong dong nhat. Két qua sai sé duoc
thé hién trong Bang 3.

Bang 3. Sai s6 trung binh cia céic 1in do

Chudng ngai vat Sai s6 trung binh (cm)
1 2,5, 1)
2 (2,25, 1)
3 (1,5, 0,5)
4 (0,75, 0,5)
5 (1,5, 1,5)
6 (2,25, 1,75)
7 (2,75, 1,5)

Két qua cua sb hoa ban dd dugce thé hién & Hinh
6b). Cac hinh chir nhat mau den thé hién cho chuéng
ngai vat con cac ky hiéu “x” mau xanh ky hiéu cho
vi tri robot s& di chuyén dén. Puong di ngan nhét
ctia robot ciing duoc thé hién ¢ Hinh 6¢ va quy dao
thuc t& ctia robot duge thé hién & Hinh 6d. Quy dao
di chuyén cua robot 1a tap hop vi tri (x', y') trong
sudt qua trinh di chuyén. Qua trinh thi nghiém thyc
té nay duoc lap lai bay lan, sai sé khi robot dén cac
vi tri thiét 1ap dugc trinh bay trong Bang 4.

Bang 4. Két qua di chuyén ciia robot trong
ban do

Dich dén

Sai s6 trung binh (x, y) (¢cm)

1 (0,0)
2 4,5)
3 6,7)
4 (7,9

Két qua cho thy dich dén & khoang cach cang
Xa s0 V&i vi tri xuét phat, sai s6 cang 16n. Nguyén
nhan chinh din dén sai s nay dén tir ban chat tich
Iy sai b cua thuat toan Odometry, trugt banh xe
hogc sai s6 cam bién encoder khién robot ghi nhan
sai vé khoang cach va goc quay thuc té. Viéc tich
lity sai s6 sau mdi lan cap nhat vi tri khién cac diém
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xa cang léch khdi vi tri thuc té nhiéu hon. Ngoai ra,
bé mit di chuyén khong dong déu, gy ra hién tuong
banh xe khong quay dung nhu 1y thuyét ciing 1a
nguyén nhan gay sai s0.
3.2. Xac dinh khoing cich va diéu huéng
gip vit cho hé robot tay may

Két qua do khoang cach tur vét thé dén mdy anh
s6 dugc thé hién & Hinh 7. Két qua cho thay may
anh co thé xac dinh ding dugc ddi tugng can tim
trong khung anh. Dé danh gia d chinh xac ctia phép
do, thi nghiém lap lai 3 14n véi 10 khoang cach khac
nhau tir 10 dén 35 cm. Két qua cho théy sai sé 16n
nhét & 10 cm (7,2%), sai s6 it nhat & 31 cm (0,06%).
Bén canh d6, két qua thuc nghi¢ém cho thay khoang
cach gitra vat va mdy anh cang ngan, sai so cang cao
(Bang 5). Pé hé may anh tay may c6 thé gap chinh
xac duoc vat thé, mot phuong trinh y = ax + b ndi
suy tuyén tinh dwoc thiét 1ap thong qua cac diém do
(Hinh 8), két qua cho thdy a = 0,97 va b = 1,15.

Bing 5. Két qua do & cac khoang cich khac nhau

A 4 2 . Sai sb
LAn do Khoang cach Khoing cach trung binh
thl']'c te (cm) do du.g.c (cm)
(cm)
1 10 10.72 7 2%
2 15 15.60 A%
3 17 17,62 3,65%
4 20 20,58 3.9%
5 2 2235 1,59%
6 25 25,11 0,44%
7 27 27,47 1,74%
8 30 30,40 133%
9 31 30,98 0.06%
10 35 34,76 0.69%
35
—o-Néi cdc diém
30 _ Dudng ndi suy tuyén tinh
y=097x+1.15
25 |
E
:‘ 20 |
15 |
10 ‘ ‘ | |
10 15 20 2 m "

X (cm)

Hinh 6. N§i suy tuyén tinh khoang cach do tir
may anh so.
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a)Xéc dinh toa d6 vi tri dén va chuéng ngai vt

xR @

N

u

d) Quy dao thyc té clia robot khi di chuyén
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b) Sb hoa ban dd

Binary Occupancy Grid

x

- <

x

Ll

o

Vi tri két thad

Y [meters]

»

Vi tri bit du

L L L | L
4 5 6 7 8
X [meters]

¥

¢) Thiét 1ap dudng di ngin nhét cho robot

3 9

Dijkstra

x [Met]

Hinh 7. Mé hinh héa ban dd va thiét 1ap dwong di ngin nhit

Distance: 39.42 CM (RGB)
X: 8042 om
¥Y: 0.57 cm

a) dinh vi d6i tuong tir may anh RGB
Hinh 8. Po khoang cich bing may anh RGB-D

Qua trinh robot di dong hoat dong ngoai troi
dugc thé hién & Hinh 9. Két qua cho thy robot co
thé di chuyen dén cac dich den, xac dinh vat the, gap
chinh xé4c duoc dbi tuong va hoan thanh quy dao di
chuyén da duoc vach ra trude d6. Thoi gian thi
nghiém t6t nhét 1 trong khoang 6 — 8 gid sang va
16h00 dén 17h00 trong diéu kién 4nh sang tdt,

b) Po d9 sau tir may anh hong ngoai

khong mwa. Trong qua trinh thi nghiém, khi anh
sang thay doi hodc xuat hién bong, kha nang xu ly
anh giam, dan dén nhan dién va xac dinh vat can gap
kém chinh xac. Pong thoi, bé mat di chuyen g0 ghe
lam robot d& bi rung lc, truot banh, gia ting sai sb
vi tri.

39



Tap chi Khoa hoc Pai hoc Can Tho Tdp 61, S6 34 (2025): 33-41

Robot di dong di Khi &én diém dichva VAt gap nam trong
chuyén phat hién vat gap :
e SALEATE

Di chuyén den diém Tay may ve vi tri
dlch cudi cung

Hinh 9. Qua4 trinh robot di chuyén thuc té

4. KET LUAN gio sang va tir 16 dén 17h chiéu. Tuy nhién trong
o " N ) . o nghién ctru ndy, truong hop ban d6 xudt hién cac yéu
Mot giai phap di€u huéng hé robot tay may c6 t ctia moi truong dong (dynamic environment) nhu

tich hop mdy anh RG1‘3.-D“b5ng anh dugc chup tir xudt hién cdc chuéng ngai vat dong, vat thé méi xuat
thiét bi bay khong nguoi 14 UAV dé duogc trinh bay hién ciing chua dugc dé cap. Thém vao do, sai s6 vi

trong nghién ciru. Nhom nghién ctru da tao ra mot tri ciia robot cang cao khi robot di chuyén cang xa
bin do so tir khong anh, c6 day du thong tin vi tri  j trf bit ddu, vi vay mot phuong phap hdi tiép vi tri
cua cac chudng ngai vat va vi tri dich. Thuét toan ctia robot trong méi truong bén ngoai ciing can dugce
duodng di ngan nhat Dijkstra dugc 4p dung 1én ban xem xét tGi.
db sb dé 1ap ké hoach dudng di cho robot di dong c6 . . . .
thé tranh chudng ngai vét va di qua tat ca cac diém K‘Et qua nghién ciru ndy budc dé‘% gitip danh gia
dich. Khi dén timg vi tri, robot sit dung may anh s6 ~ kha nang hoat dong clia mo hinh méi ché tao, trong
RGB-D d tim ddi tuong, va ra lénh cho tay may tuong lai cic thpét toan di€u huong cao cép. hon sé&
tién hanh gip vat. dugc huong t6i. Bén canh do, két qua nghién ciru
) , ) , cling mé ra huéng tng dung hé¢ UAV — robot dé céd

Ket qua thyc nghiém cho thay h¢ thong c6 thé thé diéu hudng robot thyc hién cac nhiém vu tham

hoat dong 6n dinh trong dicu kién sang tir 6 den 8 hiém kho hon, noi con ngudi kho di chuyén dén.
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