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Tom tat

Robot ty hanh (Automated Guided Vehicle - AGV) dong vai tro quan trong trong cac hé théng san xuat thong minh
va logistics hién dai. Nghi€n clru nay trinh bay qua trinh thiét ké, mo phong va ché tao nguyén mau (prototype) robot tur
hanh c6 kha ning nang — van chuyén hang hoa tu dong. Hé thong sir dung banh Mecanum da hu’o’ng tich hop cam bién
LiDAR, encoder va IMU (Inertial Measurement Unit) nham thyc hién lap ban dd va dinh vi méi treong theo thoi gian
thuc dua trén thuét toan Gmapping SLAM (Simultaneous Localization and Mapping) va AMCL (Adaptive Monte Carlo
Localization). Robot dugc thiét ké véi cac thong s chinh: tai trong t6i da 200kg, tbc d6 di chuyén 0,6 m/s, kha ning leo
déc tbi da 15°, quay vong tai chd va ty hanh theo ban db sb hoa cua moi truong lam viée. Cac thu nghiém thyc té x4c
nhan robot hoat dong on dinh, kha nang diéu hudng chinh xac trong pham vi sai s6 dudi 3%, khang dinh hiéu qua ciia mé
hinh thiét ké va mé ra trién vong img dung trong linh vyrc cong nghiép nhe, kho van va logistics thong minh.

Tir khéa: AGV, robot tu hanh, banh Mecanum, LiDAR, SLAM, thiét ké co khi, tu dong nang chuyen

Abstract

Automated Guided Vehicles (AGVs) play a crucial role in modern intelligent manufacturing and logistics systems.
This study presents the design, simulation, and prototype fabrication of an automated AGV capable of lifting and
transporting goods. The system utilizes omnidirectional Mecanum wheels integrated with LIDAR sensors, encoders, and
an IMU (Inertial Measurement Unit) to perform real-time mapping and localization of the environment based on
Gmapping SLAM (Simultaneous Localization and Mapping) and AMCL (Adaptive Monte Carlo Localization)
algorithms. The robot is designed with the following key specifications: a maximum payload of 200kg, a movement speed
of 0.6 m/s, a maximum climbing ability of 15°, the ability to turn in place, and autonomous navigation based on a digitized
map of the working environment. Real-world tests confirm the robot's stable operation and accurate navigation within a
margin of error of less than 3%, affirming the effectiveness of the design model and opening up prospects for application
in light industry, warehousing, and smart logistics.

Keywords: AGV, autonomous robot, Mecanum wheels, LIDAR, SLAM, mechanical design, automated lifting and
conveying
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1. Mé dau

Xu hudng tu dong hoa dung robot thong minh
1a su két hop cua tri tu¢ nhan tao (Al) va robot
dé tdng nang sudt, hiéu qua va dg chinh x4c trong
san xuat. Cac xu huéng nay bao gém viéc sir
dung robot cdng tac (cobot) lam viéc cung con
nguoi, robot ty dong di chuyén (AGV) trong kho
van, va cac ung dung cua robot trong cac linh
vuce nhu san xudt dién ttr va tai chinh [1,2]. Muc
tiéu 1a giam thiéu cong viéc lap di lap lai, nguy
hiém, nang cao chét luong san pham va dap tng
nhu cdu canh tranh ngdy cang cao. Viéc ung
dung xe ty hanh AGV vao van chuyén hang héa
va trung chuyén vat lidu trong day chuyén san
Xuit gitp gidm sy tham gia truc tiép cta con
nguoi, t6i wru chi phi van hanh va phan b6 hop 1y
ngudn nhan lyc cho cic cong doan khac trong
nha may.

An toan lao dong 1a yéu t6 then chdt trong cac
doanh nghiép san xuat. Quy trinh van chuyén thi
cong tiém an nhiéu rui ro, dic biét khi xir 1y hang
hoa ndng. Trong khi do, AGV dugc trang bi cam
bién, camera va tia laser cho phép hoat dong an
toan, 6n dinh va chinh xéc quanh khu vuc san
xuat. Nho kha niang diéu hudéng va dinh tuyén
thong minh, AGV c6 thé tu dong lap ké hoach di
chuyén, tranh va cham, giam tic nghén va ngin
ngura tai nan lao dong [3]. Khéac véi con nguoi,
robot khong bi anh hudng bai yéu té stc khoe
hay méi truong, nén hoat dong van chuyén duoc
duy tri lién tuc, dung tién d6 ngay ca trong céc
didu kién ddc biét vé anh sang, nhiét do, do am
hodc héa chat. Do d6, AGV la giai phap thay thé
ly tuong trong nhiéu méi trudng san xuat khic
nghiét.

Viéc 4p dung robot tw hanh AGV gitip doanh
nghiép giam sai s6t van hanh, tiét kiém chi phi,
nang cao chat lugng va ning suat [4]. Khi két
hop v6i Al va hé théng IoT, dir liéu cam bién
duogc thu thap va xu 1y theo thoi gian thue, giup
AGV di chuyén véi 16 trinh t&i wu va chinh xac
cao. Hé théng con c6 thé lién két truc tiép véi

phan mém quan 1y san xuét va kho thong minh,
giip cip nhat tirc thoi trang thai hang hoa, tir do
dam bao tién dova tdi vu hiéu qué hoat dong [5].

Tuy nhién viéc Ung dung AGV trong moi
truong san xuat thuc té con gap mot s6 kho khan:

- Tht nhat, phan 16n AGV hién nay chi di
chuyén theo tuyén dudng cb dinh duoc 1ap trinh
trude, khién hé théng kho thich tmg véi moi
truong lam viée linh hoat hodc thay ddi thuong
xuyén. Cac phuong phap diéu hudng hién tai
dwa trén vach tr, phan quang hodc cam bién
camera cho nén thiéu kha nang tu dinh vi chinh
xac trong moi truong dong va phuec tap.

- Thir hai, da s6 AGV st dung co cdu banh xe
truyén théng (hai hodc bén banh dan huéng) nén
chi di chuyén tién — 10i hodc 18 gi6i1 han, khong
thé quay dau hodc di chuyén ngang, gdy kho
khan trong khong gian hep hodc khu vuc chua
nhiéu chudng ngai vat.

- Thi ba, hé théng diéu khién va cam bién
hién tai con don gidn, chua c6 kha nang xur ly dir
li¢u theo thoi gian thuc dé nhan biét va phan ung
nhanh trudc cac tinh hudng bat ngd, dan dén do
an toan va do on dinh trong van hanh chua cao.

- Thu tu, AGV thuong chua dugc trang bi h¢
thdng treo linh hoat, khién kha ning giit thing
bang khi di chuyén qua bé mat gb ghé hoic khi
nang tai nang con han ché, lam giam do bén co
hoc va do chinh xac cta hé théng cam bién.

Vi thé muc tiéu ctia nghién ciru nay tap trung
vao thiét ké va phat trién robot tu hanh AGV sir
dung banh Mecanum da hudng, cho phép di
chuyén linh hoat theo nhiéu huéng trong khong
gian hep. Hé thong duoc tich hop cam bién
LiDAR, encoder va IMU (Inertial Measurement
Unit) dé 1ap ban dd va dinh vi méi trudng theo
thoi gian thuc dya trén thuat toan Gmapping
SLAM  (Simultaneous Localization and
Mapping-SLAM), AMCL (Adaptive Monte
Carlo Localization) va diéu khién thong qua hé
diéu hanh robot (Robot Operating System -
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ROS). Ngoai ra, nhom tac gia con dé xuat hé
thong treo 4 banh xe gitp ting d6 6n dinh dong
hoc, giam rung dong va cén bang tai trong khi

AGV di Chuyén hodc nang ha hang ho4, dac biét
trong diéu kién san khong bang phang

Céc thong sb thiét ké san pham dy kién:

Bang 1. Thong s thiét ké Robot

Théng sb Gia tri muc tiéu
Tai trong nang toi da (robot + thing hang) 200 kg
Tdc d6 di chuyén tdi da khi tai 200kg 0.6 m/s
Puong kinh banh xe (D) 144 mm
Khoang cach 2 tdm banh xe (L) 580 mm
Khoang cach tir trong tdm xe dén mit duong (d) 214 mm
Goc quay doi hudng 360° tai chd
Goc quét cam bién LIDAR 360°
Do dbc tdi da (0) 15°
Cong suat dong co DC/BLDC W x4

2. Phuwong phap nghién ctru
2.1. Thiét ké hé théng dinh vi — din dwong

Pé dam bao robot AGV sir dung béanh
Mecanum c6 kha nang hoat dong tu chu trong
moi truong lam viée bién dong, hé théng diéu
khién can tich hop day du ba chirc ning cbt 15i:
dinh vi, din duong va 1ap ban d6. Nghién ciru
ndy tap trung phat trién mo-dun dinh vi — dén
duong dua trén su két hop giita cam bién
LiDAR, encoder banh xe, IMU, cac thuat toan
SLAM, AMCL va nén tang ROS.

Trong giai doan xay dung ban d6 ban dau, hé
thong st dung thuat toan Gmapping SLAM dé
tao ban dd méi truong. Thudt toan dugc trién
khai trén nén tang ROS thong qua goi
gmapping ros, sit dung cac dir liéu dau vao
gom: LaserScan tir LIDAR, Odometry tich hop
encoder-IMU va hé thong TF tree dé quan ly
quan hé hinh hoc giira cac khung toa do. Ban do

thu dugc sau qué trinh SLAM dugc luu trit va su
dung 1am ban do tham chiéu cho cac giai doan
van hanh tiép theo.

Trong giai doan van hanh, robot chuyén sang
su dung thuat toan AMCL nham dinh vi chinh
xéc vi tri ctia robot trén ban d6 da dugc xay dung
truge d6. Thuat toan AMCL két hop dir liu
LiDAR va odometry dé uéc lugng trang thai
robot theo thoi gian thuc, tir 36 nang cao do on
dinh dinh vi trong moéi truong thuc. Trén co so
thong tin dinh vi ttr AMCL, cac chirc nang dan
duong va lap ké hoach chuyén dong dugc trién
khai thong qua cac goi diéu hudéng ciia ROS,
dam bao robot AGV dung banh Mecanum c6 thé
di chuyén tu chu, linh hoat va tin ciy.

So db khéi kién trac xay dung ban d6 va dinh
vi-dan dudng cia robot AGV dung banh
Mecanum (Hinh 1).
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Hinh 1. So db khéi kién trac xay dung ban db va dinh vi-dan duong cua robot

Bai toan dinh vi robot di dong 1a bai todn udc
lugng trang thai, trong d6 can xac dinh vi tri (x,
y) va goc quay 60 cua robot [6]. Hién nay, phuong
phép dinh vi dugc s dung rong rai nhét trong
cong nghi¢p 1a AMCL (Adaptive Monte Carlo
Localization) [7], mot bién thé cai tién cia MCL
(Monte Carlo Localization) [8]. AMCL str dung
mo hinh chuyén dong ctia robot két hop véi dit
liéu quan sat tr LIDAR, thong qua bg loc hat dé
udc lugng vi tri toan cuc voi hiéu sut tinh toan
cao va dap ung thoi gian thuc. Trong ROS

Navigation Stack, AMCL la thuat toan dinh vi
duy nhét dugc chi dinh cho robot di dong.

Phuong phap dinh vi da cam bién dya trén
LiDAR 2D, IMU va odometer banh xe la mot
giai phap dinh vi robot di dong c6 tinh b trg cao
gifra cac cam bién va do tin cay 16n. Thuat toan
AMCL dugc toi wu va cai tién dua trén thong tin
tir LIDAR, IMU va odometer nham nang cao do
chinh xac dau ra va do on dinh dinh vi cia
AMCL[9]. Khung so dd dit liéu phwong phap
dinh vi va xay dung ban do nghién ctru trong bai
bao nay dugc minh hoa trong Hinh 2.

GMAPPING
(Grid-based mapping)

Dit liéu do quang duong >
(Encoder wheel) i

A 4

Odometry /state

Estimation (DR)
h 4

; Théng tin v tri
2D Lidar » AMCL > (. 9)
Y

Bén d6 méi truong

Hinh 2. So db dit liéu phuong phap dinh vi va xdy dung ban dd robot tw hanh
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Dit liéu tir encoder banh xe va cam bién IMU
dugc su dung dé uée lugng odometry. Trong
giai doan x4y dung ban do, dit liéu odometry két
hop véi dir liéu quét tir LIDAR 2D dugc dua vao
thuat toan GMapping dé tao ban dd6 méi trudng.
Sau khi ban dd duoc xay dung, thudt toan

AMCL su dyng dir liéu LiDAR, odometry va
ban d6 d¢ xac dinh chinh x4c vi tri va tu thé cua
robot trong moi truong lam viéc.

So db khéi tong quan phan cing (Hinh 3) minh
hoa cac thiét bi duoc sir dung trong nghién ciu.

Cam bién tiém can

IMU

Motor driver L298N (x4) ¢
} Arduino Atmega 2560 <—|:
Pistion driver A

Encoder

Lidar

Hinh 3. So d6 khdi thiét bi st dung cho robot AGV

2.2. Tinh todn trong lwong va lwa chon dong co

Hé thong dan dong cua robot 14 hé bon banh
Mecanum dugc dit ¢ bon gbc khung xe, cho
phép robot di chuyén da hudng va thyc hién cac
thao tac tién, 10i, quay va truot ngang mot cach

([

linh hoat. Pé lua chon duoc dong co phu hop
cho robot AGV dung banh Mecanum, cin tién
hanh tinh toan tai trong va luc kéo yéu cau. Céc
thong s nay giup xac dinh mo men va cong suat
can thiét cho timg banh, tir 46 dam bao robot vén
hanh 6n dinh va dap tmg téc d6 mong mudn.

T
W

Hinh 4. Thiét k& co khi khung d& dan huéng cho robot AGV. 1. Banh mecanum, 2. M6 to, 3. Hé treo banh, 4. Khung dé.

Hinh 5. Gian d6 cta xe duoc can bﬁng hé luc trén mat
nghiéng

\
~ Weosd

Hinh 6. So dd tinh momen T - momen, R-ban kinh banh xe,

a - Gia toc cua xe
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Trong do:

W 1a trong luong xe (robot);

0 1a goc nghiéng (do dbc);

Fum 14 Iyc kéo robot trong diéu kién cin bang;

d la khoang céach tu trong tam xe dén mat
duong;

D la duong kinh banh xe; R 1a ban kinh banh
Xe;

L 1a khoang cach gitra truc banh trude va sau;

% la phan lyc tir mat duong lén tirng banh xe;
E, = max |(Wsinf — usWcos0);
Trong d6: thanh phan Wsin® — u;Wcosé 1a

lwc chéng trugt lii; thanh phan 224n°
Wsin 6 — psWecos6 1a lyc chong 1at robot.

Thay céc dir liéu tr Bang 1 vao phuong trinh
(1), x&c dinh duogc téng luc kéo tac dung 1én
robot.

Fyn > max (—629,3; —252,9) = —252,9 N. Vi
luc kéo t6i thiéu khong thé am, vay ta co Fi=0
thoa mén diéu kién, va chung to réng ma sat du
16n dé giir cho robot khong bi truot 1ui ngay ca
khi khong kéo véi pus = 0,6 va 0 = 15°.

Véi us = 0,6 va 8 = 20° ta c6 F,, > max
(—435,2 ; 62,3) = 62,3 N. Nghia 1 & d6 dbc 20°,
theo cong thire (1) thi diéu kién chéng 14t bit dau
bi chi phdi nhe, va luc kéo t6i thiéu can 1a 62,3N.

Véi us=0,6 va 8 =30° ta c6 Fy > max (38,5
: 688,8) = 688,8 N. Nghia 1a ¢ d6 dbc 30°, theo
cong thie (1) thi diéu kién chdng 14t bi chi phéi,
va lyc kéo tdi thiéu can phai 1a 688,8 N.

Theo Hinh 6, dong co dugc lya chon sao cho
mé-men xoan tai banh xe 16n hon mé-men tai
yéu cau khi leo dbc, trong d6 mo-men tai bao
gdm thanh phan do trong luyc theo phuong dbc
va thanh phéan do lyc can lan (u,= 0,02).

<2stin9

is 14 hé s6 ma sat tinh cta banh xe trén mat
duong;

i 13 hé s6 ma sat lan cia banh xe trén mat
duong;

N 14 tong phan lyc tir mat duong 1én than xe;

f1a luc ma sat: f=p;WcosB (ma sat tinh) va
f=p, Wcosb (ma sat lan).

Pé c6 thé di chuyén 6n dinh trén mit duong
(kho xuéng), xe phai thoda man 02 diéu kién:
tranh bi 14t ngura va tranh bi trugt 1ui.

Dua trén h¢ phuong trinh [10], c6 cong thuc
tinh lyc tong:

+ Wsinf — uSWCOSH)] (D

Dé robot (200 kg) vuot déc 8 = 15°, lyc kéo
t6i thiéu can thiét 1a thanh phan trong luc theo
phuong déc:

F, = Ws’ine + u,.Wcosf = 545,69 N. (2)

Vi cau hinh 4 banh thi lyc kéo trén moi
banh:
Fy ="£=13642 N. (3)

Véi banh xe Mecanum, luc hitu ich theo
hudng chuyén dong bi giam bdi goc nghiéng o
(a=45%). Do d6 lyc tiép tuyén tai banh can phai
16m hon:

Fw
F, = = 192,94 N. 4)

Vi banh xe ¢6 R = 0,072m, md men tai moi
banh la:
Tw=F.R=13,89 N.m. (5)

Xét hiéu suét truyén dong cua dong co 7 = 0,9
va hé s6 an toan SF = 1,5 thi m6 men yéu cau tai
moi dong co 1a:

T,y.SF
Ty =

= 23,15 N.m. (6)

Nhu vdy bang thong sé chon cong suit dong
co s€ nhu Bang 2.
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Béang 2. Thong s6 lya chon dong co

Tbc do (rpm) | Cong suét 1 dong co (w) | Tong cong suat robot (w)
60 145 580
80 194 776
100 242 968
200 485 1940
300 727 2908

2.3. Thiét ké hé théong treo cho bdnh xe robot
AGV

Hé thong treo ctia robot AGV sir dung banh
mecanum duoc thiét ké nham dam bao kha ning
van hanh 6n dinh trén cac bé mat c6 do go ghé
khac nhau, dong thoi duy tri tiép xtic banh véi
mit dat dé t6i wu hoa luc kéo va hiéu qua diéu
khién. Mdi cum banh dan dong dugc thiét ké mot

co ciu treo thu dong gém 2 10 xo dat song song,
cho phép ting do cung tong thé va phan bd tai
trong dong déu. Hé thong treo duoc dan hudng
bang ray trugt tuyén tinh, giup cum banh chi
chuyén dong theo phuong thang ding. Nho ciu
tric nay, ca bon banh mecanum déu c6 kha nang
thich nghi t6t véi su thay doi dia hinh, ting d6
6n dinh cua khung xe, nang cao do chinh xéc cta
h¢ thong diéu khién ciia robot AGV.

Hinh 7. Hé thdng treo banh xe: a) Phuong hép thy rung dong. b) Cau tao hé thong treo: 1.L0 xo, 2.Thanh truot dan
hudng 10 xo, 3.Ray trugt dan hudng, 4. Khung treo, 5.Mat bich dong co, 6.0 dd truc dong co, 7.Banh Mecanum

URES ()
5146
anra
L ames
. amser
| 34am
L om0

251
| 21
| 1154

R

oss7?
L
o0

Hinh 8. Phan b bién dang Resultant displacement(URES) cua hé treo banh xe
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Hinh 8 trinh bay phan b6 tong bién dang
(URES) cua h¢ treo banh xe st dung hai 10 xo
dat song song. Dudi tai tinh F=1962N tac dung
1én h¢ treo, m6 phdng cho théy bién dang cuc dai
Umax~5.15 mm tai tdm truc, tuong Gng vi tri
gin 16 xo. Két qua FEA (Finite Element
Analysis) pht hop v&i wée tinh 1y thuyét cho hai
16 xo song song (A=F/(k1+k2)=5.0 mm), chiing
té mo hinh phén tur 10 xo va rang budc dugc thiét
1ap chinh xac. Phan bd bién dang dong déu
quanh h¢ treo, khong xuét hién bién dang cuc bd
bat thuong, diéu nay chi ra rang thiét ké 1o xo

______________________

chuyén

.

1

i

i

! 3 "

| Hang véan
i

1

1

Lidar
Dén béo hiéu

Céam bién tiém c3

—— 531mm

hién tai dap ng yéu cau do dan hdi cho tai trong
tinh nay.
3. Két qua
3.1. M6 hinh 3D va nguyén méu ché tao

Dua trén cac tinh toan va thiét ké d3 thuc
hién, nhém téc gia tién hanh xay dung mé hinh
3D tong thé ciia robot AGV s dung béanh
Mecanum, bao gdm khung dé, hé dan dong, hé
thdng treo va co cu nang — ha hang hoa. Trén
co s& mo hinh ndy, nguyén mau robot da dugc
ché tao va lap rap hoan chinh dé phuc vu thir

nghiém thuc té.

—

Hinh 10. Thiét ké co khi khung dé dan huéng cho robot AGV

1

Hinh 11. Thiét ké co khi co cAu nang - ha kién hang robot AGV: 1. Ban nang, 2. Khung nang,
3. Tay nang (Xi lanh dién), 4. B¢ do
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Hinh 12. Nguyén miu sau ché tao

3.2. Két qua kiém chirng chuyén dong va dinh
vi

Hinh 13 trinh bay ban d6 2D duoc xay dung
tur dit liéu LiIDAR va Odometry st dung thuét

toan Gmapping SLAM. Robot téi tao chinh xac
cac duong bién ctia moi trudng thir nghiém, thé
hién kha niang dinh vi — 1ap ban d6 theo thoi gian
thue.

b)

Hinh 13. X4y dung ban dd méi trudng bang Gmapping SLAM: a) Anh thyc té khong gian xay dung ban d6 méi trudng,
b) Ban d6 méi truong st dung cho robot ty hanh

Hinh 14. Puong di thuc té va duong di du doan (duong blue 1a dudng di du doan, green la duong thyc té robot di
chuyén)

Hinh 14 cho thiy dudng di thyc té ciia robot
khong co6 sy khac biét so voi duong di dy doan
tir thudt toan didu khién. Sai sé trung binh nho
3%, quy dao bam theo dudng tham chiéu t6t. PO
sai 1éch xay ra chu yéu tai cac goc r& do tré co
céu truyén dong va nhidu cam bién.

4. Phan tich két qua va thao luin
4.1. Uu diém (version 1)

Két qua thir nghiém cho thdy robot AGV
phién ban dau tién (version 1) dép mg tét cac
yéu cau thiét ké ban dau. Nho st dung hé dan
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dong bbén banh Mecanum, robot c6 kha ning di
chuyén linh hoat theo nhiéu huéng, bao gom
tién, i, truot ngang va quay tai chd, qua dé
nang cao kha ndng thao tac trong khong gian hep
va tranh vt can trong moi truong kho van.

Co ciu nang — ha hang hoa dugc thiét ké voi
do 6n dinh cao va bd tri trong tam thép, giup
robot duy tri trang thai cin bang tot trong qua
trinh nang va van chuyén tai trong. Pidu nay gop
phén dam bdao an toan van hanh va nang cao do
tin cdy ctia hé thong.

Bén canh d6, hé thong cam bién bao gdom
LiDAR, encoder va IMU hoat dong 6n dinh
trong méi truong trong nha, cung cap dir liéu du
chinh xac cho céc thuat toan 1ap ban dd, dinh vi
va dan duong, gitip robot van hanh tu hanh theo
ban d0 s6 hoa ciia moi truong 1am viéc.

4.2. Han ché va nguyén nhan

Mic du dat duoc nhiéu két qua tich cuc, robot
AGYV version 1 van ton tai mot sé han ché nhét
dinh. Pang chu y 1a hién tugng trugt banh
Mecanum khi robot mang tai 16n. Hién tugng
nay lam gia ting sai s6 odometry, dan dén do
chinh xac dinh vi suy gidm khi van hanh trong
thot gian dai.

Bén canh do, mac du robot da dugc trang bi
hé théng treo, co cAu nay hién méi dimg ¢ dang
thu dong, chua c6 kha nang tu diéu chinh theo
tai trong hodc do nghiéng cia mat phang di
chuyén. Do d6, trong cac diéu kién bé mit khong
bang phang hodc khi thay doi tai dot ngot, kha
ning duy tri can bang dong hoc va phan bé luc
tiép xuc banh xe v6i mat san van con han ché.
4.3. Dinh hwéng phat trién version 2

Dua trén céc két qué dat dugc va nhiing han
ché ciia version 1, phién ban tiép theo ctia robot
AGYV s¢ tap trung nang cao do chinh xac dinh vi,
kha nang thich nghi dia hinh va muc d6 ty dong
hoa. Cu thé, bd loc Kalman m¢ rong (EKF) sé&
duoc tich hop dé hop nhét dir liéu tir LiDAR,
IMU va encoder nham cai thién do on dinh va do

chinh xé4c dinh vi. Dong thoi, hé thong treo dugc
dinh hudng nang cip theo huéng treo chu dong
dé tu can bang tai trong khi robot di chuyén trén
bé mit nghiéng hodc khong bang phang. Ngoai
ra, cac thuat toan hoc may s€ dugc nghién ctu
ap dung nham t4i wu hoa 16 trinh di chuyén va
nang cao hidu qua van hanh tong thé cia hé
thong.

5. Két luin

Bai bdo da trinh bay qua trinh nghién ctru,
thiét ké va ché tao robot ty hanh AGV sir dung
banh Mecanum c6 kha ning nang — van chuyén
hang hoa trong méi trudng kho van. Két qua thir
nghiém thyc té cho thy robot dap tmg cac thong
s6 thiét ké ban dau, hoat dong on dinh va c6 kha
ndng tu hanh chinh x4c trong mdi truong trong
nha.

Trong tuong lai, tai trong va hi¢u nang cua
robot ¢ thé duoc nang cao tity theo yéu cau ting
dung cu thé. Kha niang mé rong nay phu thudc
chu yéu vao thiét ké hé théng treo, lwa chon cong
suit dong co va cau hinh ngudn dién. Viéc ti wu
cac thanh phan trén nhim dam bao toc do di
chuyén theo thiét ké va thoi gian hoat dong lién
tuc khoang 3 gid sau mdi 1an sac pin s& 1a huéng
nghién ciru va phat trién tiép theo ciia hé thong.
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