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Tém tit: Robot di dong ngay cang dwoc g dung réng rdi trong logistics, nong
nghiép, y té va cdc moi tru"a‘ng phi cdu triic, dat ra yéu cau cao vé dinh vi, nhdn thirc moéi
tru’ong, lap ké hoach va diéu khién chuyén dong. Bai bdo nay trinh bay mét tong quan cé
cdu triic vé cdc nén tang 1y thuyét va cong nghé cot 16i ciia robot di dong, tdp trung vao mé
hinh déng hoc khéng holonomic, wéc lwong trang thdi xdc sudt, dinh vi va ldgp ban do dong
thoi (Simultaneous Localization and Mapping - SLAM), ldp ké hoach dwong di, hop nhdt
cdm bién va cdc chién hegc diéu khién. Cdc nhom phwong phdp diege phan logi va so sdnh
theo nguyén Iy hoat dong, nguon cam bién, dé bén viing, kha ndang xir Iy méi truong dong
va yéu cau tinh todn. Két qua tong hop cho thdy khéng ton tai mét gidi phdp t6i wu cho moi
méi truong: cdc cdu hinh phdt hién va do khodng cdch bang dnh sdang (Light Detection and
Ranging - LiDAR) két hop qudn tinh hodc hop nhat da cam bién cé loi thé trong méi truong
néng nghiép va ngoai troi bién doi, trong khi robot hoat ddng trong y té can wu tién dinh vi
én dinh, nhén biét doi twong dong va rang budc an toan. Diéu khién du bdo mé hinh (Model
Predictive Control - MPC) phit hop véi cdc bai todn can xik Iy dong thoi bam quy dao va cdc
rang budc trang thai/dau vao, nhung cé chi phi tinh todn cao hon cdc b diéu khién co dién.
Bai bdo dong thoi cdp nhdt cac xu hudng gan ddy gom diéu hudng dia trén mé hinh ngon
ngii/thi gidc-ngon ngit, diéu huong hoc dau-cuoi va hoc lién két cho hé da robot, qua dé dé
xudt cac dinh huong lya chon cong nghé cho robot di dong thé hé mai.

Tir khoa: hop nhdt cam bién, ldap ké hoach duwong di, robot di dong, SLAM, tri tué nhdn tao

I. Pit vin dé dan hudng (Automated Guided Vehicle -

Trong hai thap ky qua, su phat trién A,G VZ cha Yeu dllchu.yen the’o tuy?{l ho:";tc
. o o . dau dan hudng xac dinh trude, nhic¢u nén
dong thoi cua khoa hoc may tinh, cam \ n o ae 2 .

tang hién nay da phat trién thanh robot

bién, hé théng nhling va thudt todn hoc
may di thic ddy manh mé& ning luc tu

chu cua robot di dong. Tt cac xe tu hanh

di dong tu hanh (Autonomous Mobile
Robot - AMR) c6 kha nang tu dinh vi,
nhan thirc moi1 truong, lap ké hoach va
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diéu chinh chuyén dong trong khong
gian thay d6i theo thoi gian (Siegwart
& cong su, 2011; Al Mahmud & cdng
su, 2024).

Khéng giéng nhu cac canh tay robot
cong nghiép dugc ) dinh tai moét toa do
khong gian dé thuc hién cac chudi thao tac
1ap lai, robot di dong s& hiru bac tu do tinh
tién, cho phép ching mé rong khong gian
lam viéc v6 han (Arkin, 1998). Thugc tinh
nay di kém voi yéu cau khit khe vé kha
nang nhan thirc ngitr canh va kha nang ra
quyét dinh tu chii (Khan & cong su, 2021).
Kha nang tu chu nay khong tu nhién sinh
ra ma 1a két qua cua viéc giai quyét thanh
cong bai toan tich hop cam bién da phuong
thire va xur 1y dit liéu nhiéu trong diéu kién
thoi gian thyec.

Thach thire 16n nhét d6i véi mot he
thdng robot di dong hién dai khong don
thuan nam & thiét ké co khi ma & kién
tric phan mém xu 1y thong tin (Corke,
2017). Dt liéu tr moi truong thuc ludn
chira dung su khong chic chin, nhidu
do luong va cac chudng ngai vat dong.
Do do, viéc ing dung cac md hinh xac
suit va mang no-ron hoc sdu trg thanh
phuong thtrc tit yéu dé gitup robot hiéu
dugc moi truong xung quanh (Thrun &
cong su, 2021).

Bén canh do6, viéc nhung robot
vao cac hé thdng khong gian mang -
vat 1y va Internet van vat da mo ra kha
ning phdi hop biy dan (Yang & cong
su, 2022). Nghién ctu nay dugc thuc
hién nhdm hé théng hoéa lai toan bod
cac phuong phap luan, cong nghé 151
va nhitng nut thit k§ thuat dang can tro
budce tién cua robot ty hanh trong thuc
tién, tir d6 1am co s cho céc thiét ké ky
thuat tién tién tiép theo.
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IL. Co s& ly thuyét
2.1. Phén logi va mé hinh héa hé thong

Hé théng robot di dong 1a mot hé co
dién ttr tich hop co cau co khi, hé truyén
dong, cam bién, bo chdp hanh, bo diéu
khién va phan mém. Dya trén co ché di
chuyén, robot c6 thé duoc phan thanh robot
banh xe, robot banh xich, robot chan va cac
céu trac lai. Robot banh xe dugc sir dung
phé bién nhd céu tric twong déi don gian
va hiéu suat chuyén dong cao; robot banh
xich pht hop hon véi dia hinh khong bang
phing, trong khi robot chan va ciu tréc lai
¢6 kha ning vuot chudng ngai vét tot nhung
yéu cau hé théng co khi va diéu khién phuc
tap hon (Siciliano & cong su, 2009).

Viéc lap ké hoach va diéu khién
chuyén dong cén dua trén mé hinh toan
hoc cuia robot. Trong khéng gian hai chiéu,
trang thai robot banh xe c6 thé biéu dién
boi q = [x,y, 8], trong d6 x, yla vi tri va
8 1a goc huéng. Mo hinh dong hoc mo ta
quan hé giira trang thai va van tdc, trong
khi m6 hinh dong luc hoc xét thém anh
huong cua khéi lugng, quén tinh, ma sat,
lyc va mo-men tac dong (Kelly, 2013).
Déi v6i nhiéu cAu hinh robot banh xe, céc
rang budc vé huéng chuyén dong dan dén
tinh chat khong Holonomic, duoc trinh
bay trong muc tiép theo.

2.2. Rang bugc khong Holonomic

Robot banh xe thuong chiu rang
budc khong Holonomic, tirc la cac rang
budc vé van tée khong thé tich phan thanh
rang budc vi tri thuan tay (LaValle, 2006).
Véi robot chuyén dong trén mit phang c6
trang thai q = [x,y, #]7, diéu kién khong
truot ngang c6 thé biéu din:

—sinfx +cosfy=0,

hay téng quat: A(q)g = 0.
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Do d6, robot truyén dong vi sai
khong thé tinh tién tirc thoi theo phuong
ngang ma phai két hop chuyén dong tién/

(Extended Kalman Filter - EKF) va b loc

hat (Particle Filter - PF).
II1. Phwong phap nghién ctru

lui va quay, lam tang do phuc tap cua bai N (R
. i : . Bai b4o stt dung phuong phéap ton
toan 14p ké hoach va didu khién chuyén G PAUATIE phap oS

: uan tai liéu c6 ciu triic nham hé thén
dong (Borenstein & cong su, 1996). , j : s

hoa cac nén tang 1y thuyét, thuat toan va
xu huéng cong nghé cua robot di dong.
Céc cong trinh dugc thu thap tir cac co sé
dir liéu khoa hoc, vd1 cac nhom tir khoa
lién quan dén mobile robot, SLAM, path
planning, sensor fusion, model predictive

2.3. Biéu dién diw ligu dwéi dang
xdc sudt

Trong moi truong thuc, trang thai
ctia robot ludn ton tai do khong chic chin
do nhiéu cam bién va sai sé6 mo hinh. Vi
vay, trang thai thudng dugce biéu dién bang control va learning-based navigation. Cac
tai liéu nén tang dugc su dung dé trinh
bay co s& 1y thuyét, trong khi cac cong
trinh gan day duoc wu tién dé phan tich xu
hudéng va kha nang ing dung.

phan bd xac sudt va cap nhat theo khung
loc Bayes (Thrun & cong su, 2021). Qua
trinh gdm bude du doan:

bé!(xr] = .-rp{xr | u,,x, g )bel(x,_,)dx,_,,
va budc cap nhat theo phép do:
bel(x,) = np(z, | x,) bEI{xE],

trong d6 x,, u,, z, lan luot 13 trang thai,

Cac phuong phap duoc téng hop
va so sanh theo nguyén ly hoat dong, yéu
cau cam bién, d6 bén viing, kha ning xur
Iy moi truong dong, chi phi tinh toan va
pham vi tng dung. Trén co s& do, bai bao
phan tich kha nang Ilya chon cong nghé
cho cac méi truong dién hinh nhu néng

dau vao diéu khién va dit liéu cam bién;
n 1a hé sb chuan hoéa. Khung nay 1a co
sO cua cac phuong phap ude luong trang
thai nhu bg loc Bo loc Kalman mé rong nghiép va y té.
3.1. Kién triic hé thong diéu khién cdp bic

....................................................
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Hinh 1. Kién triic hé thong diéu khién robot di dong



Kién tric phan mém la bo ndo
diéu phéi moi hoat dong cua robot. pé
giai quyét mau thuan giira 1ap ké hoach
dai han va yéu cau tranh va cham ttc
thoi, hé thong lai thuong duogc ap dung
(Chen & cong su, 2022). Cau trac nay
chia hé théng thanh phan hé chinh (hinh
1). Hé thong diéu khién robot nay duoc
thiét ké theo kién tric phéan 1ép, tir phan
ctirng cam bién va bo chap hanh dén cac
tang xur 1y va trung tdm diéu khién. Dir
liéu duge hop nhat va phan tich, sau do
truyén qua mang dé phuc vu dinh vi,
1ap ban d6 va hoach dinh duong di. Cau
trac nay dam bao kha ning ra quyét
dinh ty dong v&i phan ng thoi gian
thyc, dap ung yéu cdu van hanh chinh
x4c va on dinh.

3.2. Dinh vi va Lip Bin d6 Pong
thoi (SLAM)

SLAM giai quyétdong thdihainhiém
vu: uoc lugng vi tri cia robot va xay dung
ban d6 moéi trudong chua biét dua trén dir
liéu cam bién (Durrant-Whyte & Bailey,
2006). Cac nguon dit lidu thuong duoc sir
dung gébm camera, phat hién va do khoang
cach bang 4nh sang (Light Detection and
Ranging - LiDAR) va don vi do quan
tinh (Inertial Measurement Unit - IMU)),

- 3D LiDAR
(RS-LiDAR-32)

® Collect 3D point cloud
data in front of the robot

‘I RGB Camera
-—- (Basler 1920-40gc)
# Capture color images in
front of the robot

MEMS IMU

‘\"/ (Wheeltec N100)

@ Measure the real-time
attitude of the robot
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to d6 udc lugng trang thai va quy dao
chuyén dong cua robot (Leonard &
Durrant-Whyte, 1991).

Mbét cdu hinh da cam bién dién
hinh dugc minh hoa trong Hinh 2, trong
d6 LiDAR cung cép thong tin hinh hoc,
camera khai thiac dac trung thi giac va
IMU cung cip dit liéu chuyén dong quan
tinh. Viéc ddng bd va hop nhat cac ngudn
dit liéu nay giup tang do tin cay cua qua
trinh dinh vi, déc biét trong cac moi truong
c¢6 diéu kién quan sat bién doi.

Céc phuong phiap SLAM da phat
trién tur hudng dua trén bd loc sang tdi vu
héa d6 thi nham giam sai sé tich liy va cai
thién tinh nhat quan toan cuc (Grisetti &
cong su, 2010). SLAM thi giac st dung
camera, dién hinh nhu ORB-SLAM va
LSD-SLAM, ¢6 uu diém vé chi phi cam
bién va lugng thong tin méi trudng nhung
nhay véi diéu kién chiéu sang va dic
trung canh (Mur-Artal & cong su, 2015;
Campos & cong su, 2021). Nguoc lai,
SLAM dua trén LiDAR c6 d¢ 6n dinh hinh
hoc cao hon nhung yéu cu phan cing va
tai nguyén tinh toan 16n hon. Co ché phat
hién vong lp gitp hiéu chinh sai s6 tich
Ity khi robot quay lai khu vuc da quan sat
trudc do (Endres & cong su, 2014).

Portable workstation
(Lenovo Y7000P)

# Process data from sensors
® Correct the system clock

Time synchronizer
(Arduino UNO)

® Maintain the system clock
& Output synchronous pulse

Agricultural robot
(Coe Inspector)

¢ Inspect maize growth status
@ Install sensors

Hinh 2. Hé thong cam bién va nhdn thirc vé mé truong cho robot di dong
(Ban & cong su, 2024)
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3.3. Thudt toin Lip ké hoach
duong di

Sau khi dinh vi va xdy dung ban dd,
robot can xac dinh quy dao tur vi tri hién tai
dén muyc tiéu. Bai toan 1ap ké hoach duong
di thuong dugc chia thanh hai muec: toan
cuc va cuc bo (Kavraki & cong su, 1996).

Lap ké hoach toan cuc: sir dung ban
dd da biét dé xac dinh duong di dén muc
tieu. Cac thuat toan tim kiém trén d6 thi
nhu Dijkstra va A* c¢6 kha nang xac dinh
duong di t6i wu theo ham chi phi da lya
chon, trong khi cdy ngau nhién kham pha
nhanh (Rapidly-exploring Random Tree -
RRT) phu hop véi khong gian trang thai
lién tuc hodc c6 nhiéu rang budc. Bién thé
RRT* bo sung co ché tdi vu dan chét luong
duong di (Karaman & Frazzoli, 2011).

Lap ké hoach cuc bo: lién tuc cap
nhat dir liéu cam bién dé bam quy dao
toan cuc va tranh cac chudng ngai vat méi
xuat hién. Cac phuong phap nhu trudng
thé nhan tao (Artificial Potential Field -
APF) va cira s6 dong (Dynamic Window
Approach - DWA) ¢6 thé tao truc tiép 1énh
van toc tuyén tinh v va van tdc goc @ cho
robot (LaValle, 2006).

3.4. Hop nhit Théng tin

Mot loai cam bién riéng 1¢ thuong
kho dap tmg dong thoi yéu cdu vé do chinh
xac, tan sd cip nhat va do bén viing trong
moi diéu kién. IMU c6 tan s6 1ay miu cao
nhung sai s6 ¢6 thé tich lity theo thoi gian,
trong khi LiDAR cung cip thong tin hinh
hoc chinh x4c nhung c6 chi phi phan cimg
va tinh toan cao hon (Nuchter & cdng su,
2008). Vi véy, cac phuong phap hop nhat
cam bién duoc sir dung dé khai thac tinh
b sung gitta nhiéu ngudn dit lidu.

Céc phuong phap phd bién gdm bo loc
Kalman m¢ rong (Extended Kalman Filter -
EKF) va bo loc Kalman khong dau (Unscented
Kalman Filter - UKF), cho phép két hop dir

liéu tir IMU, LiDAR, camera va cac cam bién
khac nhim ning cao d¢ chinh xac va do 6n
dinh cta qua trinh udc lugng trang thai (Li &
cong su, 2021; Zhao & cong su, 2022)

3.5. Chién lwoc diéu khién bdm
quy dao

B6 diéu khién bam qu§ dao c6 nhiém
vu chuyén d6i quy dao tham chiéu thanh tin
hiéu diéu khién cho h¢ truyén dong. Bo diéu
khién ty 16 - tich phan - vi phan (Proportional-
Integral-Derivative - PID) ¢6 wu diém vé cau
trac don gian va chi phi tinh toén thap, trong
khi diéu khién truot (Sliding Mode Control
- SMC) ¢6 kha ning ting d6 bén vitng trudce
nhi€u va bét dinh mo hinh. Diéu khién dy
bao mo hinh (Model Predictive Control -
MPC) cho phép du doan trang thai tuong lai
va xtr 1y truc tiép cac rang budc trong qua
trinh t6i vu (Wang & cong su, 2020).

Ham muc tiéu téng quat cia MPC
c6 thé biéu dién:

N—1
muinf = Z[” Kpri — Xpog,ieti ”% il gy, ”A:?]
i=0

véi cac rang budc:

Xpegit1 = F (Rpepir Wpei ) Xy E X, Wy €U,

trong 6 N 1a chan troi du béo, x,._ - 1a trang
thai tham chiéu va u 1a dau vao diéu khién.
MPC ¢6 vu diém khi can xir ly dong thoi bai
toan bam quy dao va cac gidi han vén tdc
hoic co cdu chip hanh, nhung yéu cau tinh
toan cao hon cac bo diéu khién cd dién. Bén
canh d6, hoc tang cuong (Reinforcement
Learning - RL) cho phép robot hoc chinh
sdch diéu khién thong qua ham phén thuong,
song van ton tai thach thirc vé dir liéu hudn
luyén, kha ning tong quat hoa va an toan
(Kiumarsi & cong su, 2022).

3.6. So sdanh cdc phwong phdp
SLAM va diéu khién

Trén co s& cac phuong phap da
phan tich, Bang 1 tong hop mot sé nhom



thuat toan tiéu biéu theo uu diém, han ché,
yéu cau tinh toan va pham vi tmg dung.
Viéc so sanh cho thay khong ton tai mot
phuong phép tdi wu cho moi hé théng
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robot di dong; lya chon thuat toan phu
thudc vao dic diém moi trudng, yéu cu
d6 chinh xac, kha nang tinh toan va cac
rang budc van hanh.

Bdng 1. So sanh mét s6 phwong phéap SLAM va diéu khién robot di dong

Nhém | Phwong phap Uu diém Han ché Tinh todn | Pham vi phu hop

SLAM EKF-SLAM C;a b Il%l@lt Eruc fuyen, Khé mé rong Trung binh-cao |Moi truong nho
cau tric rd

SLAM | Graph-sLaM | Siam drift, loop Torwuton@ar e, Méi trudng 16n
closure tot nguyen

SLAM Visual SLAM | Chi phi cam bién thdp |Nhay anh sang | Trung binh-cao |Indoor

SLAM | LiDAR-Inertial |Cinh Xéc, ftphufop e o | Cao Outdoor, nong
thudc anh sang nghiép

Diéu khién | PID Don gidn, nhe ggcxu 1y rang Thap H¢ don gidn

Picu khién | SMC Bén viing v6i bat dinh | C6 thé chattering | Thap-TB Hé phi tuyén

Pidu khién | MPC/NMPC ﬁiy e UCP NS | 1k todncao | Cao Néng nghiép, y té

Hocmay |RL/DRL Kha nang thich nghi ggﬁ bio dam an Cao Moi truong dong

C6 thé thay cac phwong phap SLAM
dua trén thi gidc c6 uu thé vé chi phi cam
bién nhung phu thuoc manh vio diéu
kién quan sat, trong khi LiDAR-Inertial
SLAM phu hgp hon véi moi truong ngoai
troi va nong nghiép cé anh sang bién doi.
Déi véi 16p diéu khién, PID va SMC cé
loi thé v& chi phi tinh toan, con MPC/
NMPC phu hop véi cac hé théng can xir
1y dong thoi bAm quy dao va nhiéu rang
budc. Céac phuong phap RL/DRL c6 kha
ning thich nghi cao nhung van can giai
quyét cac van dé vé an toan va kha ning
tong quat hoa.

IV. Két qua va thao luin
4.1. Pham vi itng dung thuce tién

Robot di dong ngay cang dugc tng
dung trong nhiéu méi trudng ngoai san
xuit cong nghiép. Trong logistics va san
xuét, robot di dong tu hanh (Autonomous
Mobile Robot - AMR) duoc sir dung dé van
chuyén, phan loai va cap phat vat tu, gop
ph?ln nang cao muc do tu dong hoa trong
kho va nha may (Khan & cong su, 2021).

Trong noéng nghi¢p thong minh,
robot ¢6 thé két hop camera, LIDAR va
IMU dé nhan biét hang cdy, lap ban do,
giam st cdy trong va hd tro cac nhiém vu
nhu phun chinh xac hoac thu hoach. Hop
nhit da cam bién gitp ting d6 6n dinh khi
robot lam viéc trong diéu kién anh sang,
dia hinh va tham thuc vat bién ddi (Ban &
cong su, 2024).

Trong y té, robot di dong duge tng
dung cho vén chuyén thudc, miu xét
nghiém va vét tu trong bénh vién. Moi
truong nay dit ra yéu cau cao vé dinh vi
chinh xac, tranh chudng ngai vat dong
va an toan khi hoat dong cung con nguoi
(Rondoni & cong su, 2024).

Trong ctru hd va moéi trudng khic
nghiét, robot banh xich hodc cAu trac lai co
thé hd tro tham do, thu thap dit liéu va lap
ban do tai nhitng khu vuc nguy hiém hozc
kho tiép can d6i voi con ngudi (Siegwart
& cong su, 2011).

Tir céc dic diém trén, khong ton tai
mot cdu hinh t6i wu cho moi tng dung.



62

LiDAR-IMU hodc hop nhit LiDAR-
camera-IMU phu hgp v6i moi trudong
néng nghiép c6 diéu kién quan sat bién
dbi, trong khi robot y té can uvu tién kha
ning nhan biét chudéng ngai vat dong va
cac rang budc an toan. Pdi véi 16p diéu
khién, PID c6 loi thé vé& do don gian, con
MPC pht hop hon khi can xu 1y dong thoi
bam quy dao va cac rang budc trang thai
hodc dau vao.

Nghién ctru ciia Ban va cong sy nam
2024 thyc su su dung Camera-LiDAR-
IMU trong moéi truong hang ngd va cho
thiy hop nhat da cam bién cai thién kha
ning xac dinh duong dan trong diéu kién
anh sang, dia hinh va co dai bién doi.
Nghién ctru benchmark robot tu hanh trong
bénh vién ciia Rondoni va cdng sy (2024)
cling truc tiép xem xét bai toan diéu hudng
(navigation) trong méi truong y té.

4.2. Cdc thach thire ky thudt ton tai

Mic du da dat nhiéu tién bg, robot
di dong van dbi mat v6i ba thach thic
chinh. Tht nhét, su thay ddi cua anh sang,
dia hinh va chudng ngai vat dong c6 thé
lam suy gidm d¢ chinh xé4c ctia qua trinh
nhan thace va dinh vi (Corke, 2017). Thur
hai, SLAM d0 phan giai cao va céac thuat
toan hoc sdu yéu cau tai nguyén 1én tir
bd xur Iy trung tdm (Central Processing
Unit - CPU) va bo xtr Iy d6 hoa (Graphics
Processing Unit - GPU), tao ra sy danh ddi
gitta hiéu nang tinh todn va thoi gian hoat
dong cua robot (Chen & cdng su, 2022).
Thr ba, viéc bao dam an toan va do tin
cay khi robot twong tac vdi con ngudi van
14 yéu cau quan trong, dic biét dbi v6i cac
phuong phap didu khién duya trén hoc may.

4.3. Xu huwong cong nghé maoi

Cac nghién ctru gan day dang mo
rong diéu hudng robot theo ba hudng chinh.
Thir nhat, mé hinh ngén ngir 16n (Large
Language Model - LLM) va md hinh

thi gidac-ngon ngit (Vision-Language
Model - VLM) duoc tich hop nhim hd
trg robot hiéu chi din ngdn ngit va lap ké
hoach & mtrc nglt nghia (Wu & cdng su,
2024). Thu hai, diéu hudng hoc dau-cudi
- (End-to-End Learning) cho phép anh xa
truc tiép dit liéu cam bién sang hanh dong
diéu khién, giup giam su phu thudc vao
chudi mé-dun truyén théng nhung dit ra
thach thirc vé kha nang giai thich va an
toan (Yin & cong su, 2024). Thu ba, hoc
lién két (Federated Learning - FL) cho
phép nhiéu robot chia sé tri thirc théng qua
cap nhat mé hinh thay vi truyén toan bo
dit liéu, phu hop voi cac hé da robot phan
tan nhung van chiu anh hudng cua chi phi
truyén thong va su khong dong nhit cua
dit liéu (Gutierrez & cdng su, 2025).
V. Két luén

Bai bao di tong hop cc nén tang
1y thuyét va cong nghé chinh cia robot
di dong, bao gdm mo hinh déng hoc, uéce
luong trang thai, SLAM, 1ap ké hoach
duong di, hop nhit cam bién va diéu
khién bam quy dao. Két qua phan tich
cho thdy viéc lua chon cong nghé can
dua trén dic diém moi trudng, yéu ciu
d6 chinh xé4c, mirc d§ dong cia chudng
ngai vat va tai nguyén tinh todn thay vi
su dung mot giai phap chung cho moi
ung dung.

Déi voi néng nghiép, cac cdu hinh
LiDAR-IMU hoic hop nhét da cam bién
c6 1o thé trong diéu kién méi truong bién
d6i; trong khi robot y té can vu tién dinh
vi 6n dinh, tranh chudng ngai vat dong va
cac rang budc an toan. Cac bo diéu khién
¢6 dién nhu PID c¢6 uwu diém vé do don
gian, con MPC cho phép xir 1y truc tiép
cac rang budc nhung yéu cau tai nguyén
tinh toan cao hon. Trong thoi gian tdi,
LLM/VLM, diéu hudng hoc dau-cudi,
FL va dién toan bién duoc ky vong sé&



mo rong kha nang thich nghi ctia robot di

dong, song cac vin dé& vé do tin cdy, kha

ning tong quat héa va an toan van can

tiép tuc duoc nghién ciru.
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MOBILE ROBOT TECHNOLOGY: A REVIEW
OF THEORETICAL FOUNDATIONS, CONTROL
ALGORITHMS, AND PRACTICAL APPLICATIONS

Hoang Son!, Hoang Anh Dung?, Nguyen Van Manh?

Abstract: Mobile robots are increasingly deployed in logistics, agriculture, healthcare,
and unstructured environments, creating growing demands for localization, environmental
perception, path planning, and motion control. This paper presents a structured review of the
theoretical foundations and core technologies of mobile robots, including non-holonomic
kinematics, probabilistic state estimation, Simultaneous Localization and Mapping (SLAM), path
planning, sensor fusion, and trajectory tracking control. The reviewed approaches are classified
and compared in terms of operating principles, sensor requirements, robustness, adaptability
to dynamic environments, and computational demands. The analysis indicates that no single
solution is optimal for all applications. LiDAR-inertial and multi-sensor fusion approaches are
particularly suitable for agriculture and outdoor environments with varying operating conditions,
whereas healthcare robots require reliable localization, dynamic obstacle avoidance, and strict
safety constraints. Model Predictive Control (MPC) is advantageous for applications requiring
simultaneous trajectory tracking and explicit handling of state and input constraints, although it
involves higher computational cost than conventional controllers. Emerging directions, including
Large Language Model/Vision-Language Model-based navigation, end-to-end learning, and
federated learning for multi-robot systems, are also discussed.

Keywords: artificial intelligence, mobile robot, path planning, sensor fusion, SLAM
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