CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

PHAT TRIEN PHAN MEM GIAM SAT VA DIEU KHIEN

CHO XE TU HANH AGV

DEVELOPMENT OF MONITORING AND CONTROL SOFTWARE FOR AGV
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TOM TAT

Bai bdo nay dé xudt phat trién mot phan mém gidm sat va diéu khién AGV st dung camera
T265. Phan mém cho phép tao ra cac dutng dich chuyén do bang céch vé thii cong trén phan
mém bang cdng cu “Mapping Tool” hodc dugc tao tu ddng tit bén vé mat bang nha may. Nguai
véan hanh ciing c6 thé Ién lich hoat dong cho xe bang nhiing cau |énh don gian dugc quy udc
vdi cdng cu “Planning Tool”, ddy déu la nhitng cong cu dugc xdy dung va tich hgp trong cling
mot phan mém duy nhat nham cung cdp day da nhitng tién ich can thiét dé nqudi dung c6 thé
van hanh mét cach nhanh chdng va chinh xéc nhat. Ngoai ra, phan mém ¢d chiic nang diéu
khién truc tiép xe bam quy dao trong do vi tri va hudng cta xe AGV dugc Camera Tracking Intel
T265. Phan mém dugc phét trién con ¢6 thé st dung dé gidm sat vi tri, nhiém vu dang thuc
hién, mdc nang lugng, md phong dugc hoat dong clia AGV theo lich trinh da thiét lap.

Tir khod: Hé théng gidm sdt AGV, Igp ké hoach lam viéc, diéu khién chuyén dong.

ABSTRACT

This paper proposes the development of a monitoring and control software for AGVs using
the T265 camera. The software allows for the creation of virtual movement paths either by
manual drawing on the software using the “Mapping Tool” or automatically generated from
factory floor plans. Operators can also schedule vehicle operations with simple predefined
commands using the “Planning Tool”, which are tools built and integrated within a single
software package to provide all the necessary utilities for users to operate quickly and
accurately. Additionally, the software has a direct control function for the vehicle to follow the
trajectory, where the position and orientation of the AGV are tracked by the Intel T265 Camera
Tracking. The developed software can also be used to monitor the location, ongoing tasks,
energy level, and simulate AGV operations according to the established schedule.

Keywords: AGV monitoring system, work planning, motion control.
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1. GIGI THIEU

Trong nén céng nghiép 4.0, xe tu hanh tu
déng (AGV) déng mot vai trd khéng thé thiéu
trong viéc cdi thién su linh hoat va hiéu qua
trong mot hé thong san xuat. Trong céng
nghiép, phuong phap dan huéng c6 day cho
AGV nhu dan hudng ti tinh, quang hoc, dién
tU,...[1, 2] thudng hay dugc sir dung phé
bién vi ¢6 uu diém la thuc hién theo d6i va lai
xe moét cach dé dang. Tuy nhién, nhimng
phuong phédp diéu huéng nay c6 nhugc
diém kho thay déi cac dusng dan huéng do
thuong dugc thi cong gan hodc nhing vao
san. Hién nay, viéc 4p dung cac loai cong
nghé tién tién hon nhu sir dung camera dé
diéu hudng dang ngay cang tré nén phd bién
va trd thanh mét xu hudng néi bat, véi kha
nang cung cap su linh hoat va dé chinh xac
cao ma khéng yéu cau co sé ha tang phuc
tap. Cong nghé nay cho phép AGV thich ung
nhanh chéng véi cac thay déi trong méi
trudng lam viéc, déng thai gidam thiéu chi phi
va thdi gian can thiét cho viéc cai dat va bao
tri hé thong dan hudng.

Viéc lya chon va st dung camera cho xe
tu hanh AGV cling la mot phan quan trong
cla qua trinh thiét ké hé thong. Camera
khéng chi giup AGV nhan dién méi trudng
xung quanh @é 1ap ban dé va di chuyén mét
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cach chinh xac. Camera 3D thuong dugc si dung trong
AGV, tuy nhién cadc camera nay thudng gia thanh cao va
can xt ly ban dé tuong déi phuic tap va yéu cau chay trén
may tinh c6 cau hinh cao. Nghién ctu nay lua chon Intel
RealSense Tracking Camera T265 [3] da tich hgp sén cac
thuat toan SLAM (Simultaneous Localization and
Mapping), c6 dé chinh xac cao va cé thé sirdung trén cac
may tinh cdu hinh thap nhu Raspberry Pi.

Nghién ctu tap trung vao viéc phat trién mot hé théng
giam sét va diéu khién xe tu hanh AGV st dung camera
T265. Phan mém dugc phat trién c6 kha nang lap ban doé
khu vuc lam viéc, [én ké hoach va mé phéng qua trinh lam
viéc, cho phép giam sat trang thai, vi tri, muiic nang lugng
va nhiém vu dang thuc hién ctia AGV theo thdi gian thuc.
Cac nghién ctu trugc day phan 16n tap trung vao viéc ché
tao AGV dé tu déng hda quy trinh san xuat va van chuyén
hang hoa hay Ung dung trong nhitng mai truong dac thu
[4-6], nhung van chua dugc ap dung rong rai. Mot s6 tap
trung vao viéc diéu khién phi tuyén cho hé théng AGV,
nham t6i uu héa qua trinh lam viéc ctia AGV trong khéng
gian 1&n va trdnh va cham [7]. Nghién cttu nay cung cap
mét gidi phap téng thé gém phan ciing, phan mém va
phuong phap dinh vi diéu khién dong gép vao ma réng
Ung dung AGV trong tuong lai.

2. PHAN MEM GIAM SAT VA DIEU KHIEN AGV

Phan mém dugc nhém nghién cliu phat trién véi muc
dich hé trg ngudi van hanh thao tac mot cach dé dang va
linh hoat bang cac cong cu dugc tich hgp trong mét phan
mém duy nhat. Cac chic nang chinh ctia phan mém bao
gém: Xay dung ban dé va tao tuyén dudng - Mapping
Tool, Ién ké hoach lam viéc - Planning Tool, diéu khién va
gidm sat qua trinh [am viéc cda AGV.
2.1.Lap ban dé khu vuc lam viéc

Trong moi trudng cong nghiép ddc thu nhu nha kho,
xudng san xuat, va nha may, xe tu hanh AGV dong moét
vai tro thiét yéu trong viéc duy tri hiéu qua hoat dong.
AGV dugc lap trinh dé di chuyén theo quy dao cé dinh,
dugc t6i uu héa dé phu hgp véi cdu tric va nhu cau cu
thé cda tiing khéng gian lam viéc.

Viéc t6i uu hdéa quy dao cho xe tu hanh AGV ciing la
moét nhiém vu quan trong, doi hoi su chinh xac va hiéu
qua cao. Cong cu “Lap ban d6 khu vuc lam viéc” dugc
thiét k& dé ho trg qua trinh nay, bat dau ti viéc x{r ly va
tuy chinh ban d6 CAD san cé ctia nha may.

e X(rly ban d6 CAD: Trudc khi tai lén, ban d6 CAD can
dugc vé lai hodc xt ly dé dap Uing cac yéu cau ky thuat cda
phan mém. Diéu nay dam bao rang moi thong tin can
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thiét déu dugc cap nhat va phan anh chinh xac cau tric
thuc té ciia nha may.

e Tu dbng héa va tiy chinh: Mac du qua trinh nay cé
thé& doi hdi mét s6 cong viéc ban dau, nhung né cho phép
phan mém tu déng thiét ké quy dao lam viéc, t6i uu hoa
dudng di, xac dinh khu vuc lam viéc va tranh vat can co
dinh.

Xarly bén dé CAD

Ban d6 CAD yéu cau loai bo nhiing chi tiét phuc tap,
don gian héa cach biéu dién vat can c6 dinh bang cach su
dung cac hinh da giac, biéu dién céac vi tri lam viéc va tram
sac ctia AGV (hinh 1). File CAD néu dap ung yéu cau ky
thuat sé dugc thuc hién vé lai trén giao dién chinh lam
nhiém vu hién thi va mé phéng.
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Hinh 1. Ban d6 minh hoa mat bang nha may 100m? bi€u dién trén
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Hinh 2. Hinh anh biéu dién mién khong gian mé

File CAD sau khi dugc tai thanh céng sé trai qua quy
trinh x(r ly dé€ thu thap dir liéu, viéc nay dong vai trd cho
moi thao tac trén phan mém khi lién quan dén ban do
CAD (hién thi, mé phong, Ién ké hoach). Sau khi thu thap
dugc cac thong tin can thiét, tién hanh chia luéi trén ban
dé véi kich thudc phu hgp vdi kich thudc thiét ké cho xe
AGV. Loai bd nhiing khu vuc dugc xac dinh la bi vat can
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chiém chd, ta thu dugc mién khong gian ma la khu vuc
AGV c6 thé hoat déng (hinh 2).

Thudt todn Dijkstra: Tim duéng di ngdn nhdt

Sau khi thu dugc tap hop mién khong gian ma, dua
vao chuic nang “Lap ké hoach lam viéc” ta sé xac dinh
dugc diém nguon, diém dich va tap hop cac nat véi trong
s6 1a hang s6. Day sé la dau vao cho thuat toén Dijkstra dé
tim kiém dudng di ngan nhat. Két qua dp dung thuat toan
Dijkstra nhu thé hién trong hinh 3.
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Hinh 3. Két qua ap dung thuat toan Dijkstra

2.2.Lap quy dao ca nhan héa - Mapping Tool

“Mapping Tool” dugc xay dung nhu mét cong cu hd
trg ngudi dung co thé linh hoat thiét ké quy dao dudng
di, tram lam viéc cho xe AGV. Khac vdi viéc st dung file
CAD mat bang clia khong gian lam viéc, thi céng cu
“Mapping Tool” sé cung cadp mot kha nang tuy chinh véi
dé linh hoat cao hon.
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Hinh 4. B6 cuc giao dién cdng cu Mapping

“Mapping Tool” cho phép nguci dung thao tac thay
déi quy dao mot cach nhanh chéng va dé dang nhu véi
mot cdng cu vé don gidn. Ngudi dung co thé tao ra cac
quy dao riéng biét phu hgp véi yéu cau cu thé cla nha
may hodc nha xudng. Diéu nay khong chi tang kha nang
linh hoat cia hé théng, ma con cho phép ngudi dung toi
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uu héa quy dao dua trén cac yéu t6 nhu vi tri clla cac may
moc, kich thudc va hinh dang clia nha xuéng va cac yéu
t6 khac nhu ludng giao théng trong nha xudng.

Giao dién nguoi diing

Man hinh “Mapping” dugc b6 cuc thanh 6 phan chinh,
giup dan gian héa viéc tuong tac cting nhu hé trg ngudi
st dung thiét ké quy dao lam viéc cho AGV:

-Thanh cong cu: Véi cac chic nang tao file méi, ma file,
luu file va upload ban d6 sau khi thiét k& [én man hinh
giam sat.

- Graphics Panel: Céng cu vé d6 hoa, biéu thi vat can
¢6 dinh hay nhiing vi tri AGV khéng thé di qua.

- Trajectory Panel: Cong cu vé quy dao lam viéc, dat toa
do6 tram lam viéc cho AGV.

- Tools Panel: Cong cu tuy chinh trén ban vé.

- Khu vuc thiét ké: Vi tri thé hién ban vé.

- Property Panel: Badng thé hién thudc tinh cda ting
Iénh, hudng dan thao tac vé.

Xurly dirliéu

Sau khi ban d6 dugc thiét lap va Upload thanh cong,
di liéu vé toa do va thudc tinh clia cac déi tugng sé dugc
thu thap va xu ly. Ap dung giai thuat Dijkstra tim kiém
dudng di ngan nhat.

2.3. Lap ké hoach lam viéc - Planning Tool

Giao dién lam viéc & cong cu Planning Tool dugc thiét
ké nhu mét trinh bién dich dan gian véi cac cau lénh don
gian nhu di chuyén (Move), ch& dgi (WaitTime). Cac cau
[énh sé dugc quy udc sao cho don gidn cho ngudi sirdung
va thuan tién cho viéc xur ly.

B r_‘ B & 1

Command

BEGIN:
Move <Tram 1>
2 WaitTime 3
Move <Tram 5>
WaitTime 3k

| END.

Position

Hinh 5. B6 cuc giao dién céng cu Planning

Giao dién nguoi diing

Man hinh “Planning” sé dugc b6 cuc thanh 5 phan
chinh, gitp don gian hda viéc tuong tac ciing nhu ho trg
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ngudi st dung ra lénh diéu khién, 1én ké hoach cho AGV
thudn tién nhat co thé:

- Thanh céng cu.

- Command Panel: Chira cac nat lénh, khi dugc nhan
sé ty dong thém cau lénh véi cd phap chinh xac vao trinh
soan thao, ho trg ngudi dung thao tac nhanh chéng va
chinh xac.

- Workspace: Khu vuc chidia toa do cac tram lam viéc va
thudc tinh ctia chdng ma ngudi dung da thiét lap & ban
de.

- Trinh soan thao: Noi lam viéc chinh, thao tac nhu véi
moi trinh soan thdo thong thudng.

- Théng bao: Khu vuc hién thi théng bao khi debug,
tim 16i sai trong cau l1énh hodc xac nhan da debug thanh
cong.

Xurly divliéu

Qua trinh xtt ly dir liéu chii yéu tap trung vao viéc xu ly
chudi, phan tich quy dao ma ngudi dung da lén ké hoach
nham danh gid tinh hgp ly. Cudi cing, ching ta sé tao ra
quy dao chi tiét va hudng diéu khién cho AGV.

2.4. Giam sat va diéu khién AGV

8 AGV MONITORING -ox
[B Plamning
Q) Mapping

© oxrvap

AGV INFORMATION

. JSONMap

o oot

Hinh 6. BG cuc giao dién phdn mém giam sat va diéu khién AGV

Thong thudng trong cac nha xudng van dé an toan
dugc dat 1én hang dau, do do viéc giam sat trang thai
hoat déng clia xe khi van hanh la vé cung quan trong. Véi
nghién ctru nay nay, AGV sé hoat dong trén cac tuyén
dudng line do dugc thiét ké bsi cong cu ma phan mém
cung cap, két hop vai di liéu tir camera Intel T256
Tracking hoan toan cé thé diéu khién dugc xe ma khéng
can cac dudng line vat ly. Do d6, ngoai viéc két hgp cam
bién siéu am dé xac dinh cac loai vat can déng, AGV cling
sé ludn cap nhat cac thong tin vé téc do, nhiém vu dang
thuc hién, vi tri,... t6i phan mém giam sat va kip thoi dua
ra cdnh bdo néu xe gap su co.

Ngoai ra, ngudi st dung ciing c6 thé Iya chon ché dé
hoat déng clia AGV la tu dong hay diéu khién bang tay
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chi bang cac thao tac don gian vai phan mém. Ngoai kha
nang diéu khién truc ti€p, khi s dung & tdng quan ly,
phan mém con c¢é tinh nang giam sat vi tri va trang thai
cla xe (téc d6, muc pin,...) thong qua ID clia cac xe. Phan
mém & cac tang khac nhau dugc két néi va chia sé di liéu
v&i nhau thong qua mét may chu (Server).
3. HE THONG PIEU KHIEN AGV SU DUNG CAMERA
INTEL REALSENSE T265 VA GIAI THUAT DIEU KHIEN XE
AGV

Trong hé théng diéu khién tu dong cla xe tu hanh
AGV, dinh vi va diéu hudng dong vai trd quan trong.
Trong s6 cac cong nghé hién c6, camera Intel RealSense
T265 cung cap mot phuong phéap diéu huéng linh hoat,
cho phép AGV hoat dong thich ting véi méi trudng san
xudt déng. Camera T265 dugc lua chon lua nhd kha nang
xU ly SLAM (Simultaneous Localization and Mapping) déc
lap va do6 chinh xac cao.
3.1. Cau tao va nguyén ly hoat déng ctia hé théng

Hinh 7 moé ta kién trdc cia mé hinh hé théng diéu
khién AGV dugc xay dung dua trén su két hop gitia bo
diéu khién Arduino va may tinh nhung Raspberry Pi. Phan
mém diéu khién va giam sat dugc trién khai trén
Raspberry Pi, hoat dong nhu mot web server c6 thé truy
cap thong qua dia chi local host. May tinh nhing sé truc
ti€p két néi v6i camera T265 va gui lénh diéu khién dén
Arduino, tir d6 diéu khién cac co cdu chap hanh. Hai banh
xe dugc quay béi dong ca servo DC, véi mach céng suat
L298N dong vai tro cung cap dong dién va dién ap theo
tin hiéu diéu khién. Khi robot AGV nhan dugc lénh tu
phan mém, may tinh nhing sé tinh toan tin hiéu diéu
khién dua trén thuat toan da dugc dé xuat, sau dé chuyén
tiép ching dén Arduino. Arduino sé tao ra cac xung diéu
khién déng co servo DC va nhan di liéu tir cdm bién siéu
am. Néu phat hién chuéng ngai vat, cdm bién tiém can sé
canh bao ngay lap tuc trén man hinh diéu khién. Ba cdm
bién tiém can dugc bé tri xung quanh robot AGV giup
phat hién chuéng ngai vat va ddm bao an toan trong qua
trinh van hanh.

Mach cong suit L298N

Giao dién diéu Khién

Arduinoe Uno R3

; oﬂ e\ g\/

Encoder

Camera Intel RealSense T256 Cam bién siéu Am

Hinh 7. So d6 tdng quan hé théng diéu khién
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Trén giao dién diéu khién, sau khi ngudi van hanh
thuc hién bién dich va g& 16i chuong trinh ké hoach
hoat dong clia xe, néu khéng co 16i xay ra, giao dién sé
thuc hién tinh toan quy dao (Trajectory planning) cé két
qua la dang dir liéu chuyén déng gém vi tri, huéng va
téc do cua xe (thém tam cung tron néu la quy dao cung
tron) theo thai gian. K&t qua cua tinh toan quy dao la d
lieu dé diéu khién xe bam quy dao: tai méi thai diém,
giao dién thuc hién lay théng tin toa dé va huéng tu
camera Intel RealSense T265 két hgp vai di liéu
Trajctory planning va thuat toan diéu khién bam quy
dao tinh toan gia tri van t6c dat pht hgp cho cac dong
co. Théng tin vé van téc clia cac dong co dugc giao dién
gui xuéng mach diéu khién (Arduino) qua cac ban tin.
Mach diéu khién nhan dir liéu va diéu khién van téc
dong co theo cac gia tri dat mong muén. T thong tin
gia tri dat nhan tu giao dién va gia tri thuc dugc phan
hoi tir Encoder, mach diéu khién tinh toan gia tri PWM
dattrén mo6 dun mach cong suat L298N stirdung bé diéu
khién PID. Cdm bién siéu am dugc st dung dé phat hién
vat can trén dudng di, ddm bao su an toan khivan hanh
xe AGV.

3.2. Thuat toan diéu khién bam quy dao

Dé thuc hién diéu khién xe theo cac quy dao mong
mudn, Thuat toan 1 va 2 lan lugt trinh bay thuat toan
bam quy dao dudng thdng va quy dao cung tron.
Phuong phap bam quy dao dudng thang la diéu khién
t6c d6 hai banh xe dé huéng léch cla xe sao cho vectd
van t6c cla xe ludn hudng diém dich (Piarger). Trong dé
hé s6 diéu chinh van t6c dugc xac dinh bdi K. | A@| véi
K|, 1a hé s diéu khién. Do thuc té sé c6 sai sé nén xe kho
c6 thé dat dugc vi tri chinh xac tuyét déi, vong tron cé
ban kinh ry 1a dung sai cho phép dé xe tu hanh AGV dat
dugc vi tri diém dich.

Hinh 8. Xe AGV bam quy dao dudng thang

Thuat toan 1: Diéu khién xe bam dich trén quy dao
dudng thang
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WHILE | Parget — Pacv| > o

IFAp < OTHEN  //Léch phai
Ve =V.(1 — K..|A@]);  // Gidm
t6c d6 banh bén trai
VRight = V;
END IF
IFAp > O0THEN // Léch trdi
Veight = V. (1 — Ky .[A@])  // Gidm

téc dé banh bén phai
Viest = Vi
END IF
IF | A@| < 81265 THEN // Xe di thang, t6c do hai
banh nhu nhau, 81,45 la sai s6 goc clia camera T265.
Viett =V,
VRight = V;
END IF
SendCommand (Vi eft, Vright)
END WHILE
Thuat toan 2 trinh bay phuong phap diéu khién xe
bam quy dao cung tron vdi chiéu di chuyén ngugc kim
déng ho (CCW), chiéu di chuyén theo chiéu kim déng hé
(CW) dugc thuc hién tuong tu. Phuang phap la diéu
khién t6c d6 clia 2 banh xe dé xe bam quy dao ban kinh
Ro, va hudng xe luén huéng theo vecto tuyén tuyén sao
cho gécléch |Ag| < 90°. Hé s6 diéu chinh van téc trong
thuat toan nay dugc xac dinh theo céng thuc K. |AR|,
v3i K¢ 12 hé s6 diéu khién, R 1a khodng cach ti Pygy dén
tam quay C.

Hinh 9. Xe AGY bdm quy dao cung tron
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IFR > R, THEN
hudng vao tam

tédc do banh bén trai
R+d
R
2 banh xe
END IF

hudng xa tam
R-d
Viet = V.25

R+d

toc do banh bén phai

END IF
cho phép
R-d
Viere = V.0~
R+d
VRight = V-~
END IF

IFAp < —90° THEN
sau, bén phai
Viett = —VRight ;
A > —90°
END IF

IF A > 90° THEN
sau, bén trai

WHILE | Aa| > &g OR | Prarget — Pagv| > ro THEN
// Léch ngoai ban kinh can ré

Vieft = V-%d-(l — Kc|AR]) ; // Gidm

Viight = V-ol; // 2d 1a khoang céch gitia
IF R, < Ry THEN // Léch trong ban kinh can ré
VRight = VT (1 - KclARl), /! Giam

IF IR, — Ry| < 8, THEN// Xe chay trong khoang

// Léch hudng phia

// Xoay xe dé dam bao

// Léch hudéng phia

VRight = —Viert;  //Xoay xe dé dam bao
Ag < 90°
END IF
SendCommand (Vy e, Vright)
END WHILE
4. KET QUA THU NGHIEM

Pong codan dong

Hinh 10. Mo hinh xe AGV

Vol. 60 - No. 9 (Sep 2024)

Cameralntel
RealSense T265

*\\ Bénhdén dong

Dé danh gia dé bam quy dao cta xe tu hanh AGV sur
dung hé théng diéu khién va thuat toan bam quy dao,
mot thi nghiém da dugc thuc hién dé danh gia sai s6 bam
quy dao. Trong thi nghiém nay, mé hinh xe AGV ¢ bé vai
2 banh cht dong va mét banh dan huéng dugc st dung,
nhu hinh 10.

Mot s6 thong sé cua xe

e Dudng kinh banh xe dan déng: 100mm

e Khoang cach gitra hai banh dan dong: 2d = 214mm

e DONg ca dan dong: Bong co dién mot chiéu JGB37-
520

Xe tu hanh AGV dich chuyén bat dau tu toa dé (0, 0)
dén toa dé (3000, 0) tinh theo don vi mm, dich chuyén
theo quy dao dudng thdng (dudng thing Target). Trong
qua trinh di chuyén, xe tu hanh AGV thuc hién |dy mau
lién tuc theo chu ki 0,1 gidy, mau thu dugc la toa d6 clia
xe. DU liéu toa dé thu dugc thé hién trén dé thi hinh 11.

Quy dao dat va quy dao thue té ctia xe AGV

——Quy dao dat — — Quy dao thuc té

S 0 500 1000 1500 2000 2500 3000

-2000
X (mm)

Hinh 11. Két qud quy dao dat va quy dao thuc té khi xe chay thuc nghiém

D06 bam dugc danh gia bang sai so tinh theo céng
thuc:

Error =

Trong d9, d; 1a khodng cach tu toa do diém ldy mau
thi i dén quy dao dat. Qua tinh toan, két qua thu dugc
Error = 10,27mm, cho thay xe AGV bam quy dao kha tét.
5. KET LUAN

Giai phap dugc dé xuat trong bai bdo cho thay nhiéu
tinh uu viét hon sir dung cac dudng line tir truyén théng.
VGi phuong phap truyén thong, cac dudng line la cac dai
mau den hodc bang tir dugc thi cong gan truc tiép vao
san dé xe c6 co sd dinh vi, dan hudng dé diéu khién xe tu
hanh, néu muén thay déi cac tuyén line nay, bat budc
phai d& céc tuyén cl ra va thi céng lai. Vi dé xuat cla
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nhom nghién cuu, viéc thiét ké dudng line 4o trén phan
mém két hop vai sir dung Camera Intel Realsense T256 da
loai bd dugc viéc sif dung cac dudng line vat ly nay. Hé
théng mang lai tinh linh hoat va da dang trong viéc lap
ban d6 khu vuc lam viéc, 1én ké hoach lam viéc, va mo
phdng qua trinh l1am viéc, cho phép trién khai dé dang
vao méi trudng thuc té mét cach nhanh chéng. Két qua
th nghiém cho thay, hé théng diéu khién AGV dat dugc
do6 chinh xac kha cao trong viéc bam quy dao. Tuong lai,
nghién ctiu sé tiép tuc nang cao d6 chinh xac thuat toan
diéu khién va mé phdng, nang cap hé théng quan ly
nhiéu AGV.
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