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TOM TAT

Bai bdo nghién ciru va xdy dung gidi phdp toi wu diéu khién da robot AGV trén nén tang
diéu phéi tdp trung Robot Control System (RCS). AGV la phwong tién tw hanh ding cho vin chuyén
hang héa trong kho xwong, doi héi thudt todn diéu hiedng chinh xdc, phan céng nhiém vu hop 1y va
dam bao an toan khi van hanh dong thoi nhiéu robot. Nghién civu xdy dung ba thudt todn chinh:
Tim dwong di ngdn va it Robot nhdt bang cdi tién thudt todn A*; tinh todn phdan bo nhiém vu thich
ung theo trang thai robot, va xdy dung thudt toan tranh va cham dua trén du bao xung dot theo thoi
gian thiee. Cdc thudt todn dege Idp trinh, mé phong trén Python va tich hop co ché truyén thong da
robot dé déanh gid tinh hiéu qua va khd nang trién khai thuc té.

Tir khéa: AGV; Diéu khién da robot; RCS; A* nang cdp; Phdn bé nhiém vu; Trdanh va
cham; M6 phong Python.

ABSTRACT

This paper presents an optimization study of multi-AGV control algorithms on a centralized
Robot Control System (RCS). AGVs (Automated Guided Vehicles) are autonomous mobile units used
for material handling in warehouses and factories, requiring efficient path planning, task assignment,
and collision-free coordination. The research focuses on three main algorithmic approaches: Find
the shortest path with the fewest Robots with the upgraded A*, a dynamic task allocation method
responsive to real-time robot status, and a time-prediction-based collision avoidance algorithm. All
methods were simulated and evaluated using Python, with a multi-robot communication mechanism
integrated to assess performance, scalability, and practical deployment potential.

Keywords: AGV; Multi-robot control; RCS; Enhanced A*; Task allocation; Collision
avoidance; Python simulation.
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1.NGHIEN CUU, PHAN TICH HE THONG
PIEU KHIEN XE TU HANH AGV

1.1. Robot tw hanh AGV

Xe tu hanh AGV — Automation Guided
Vehicle, 1a loai xe st dung cong nghé dan
duong dé tu dong di chuyén nham muc dich van
chuyén hang héa, nguyén vat liéu dén nhiing
dia diém da dugc danh dau sin ma khong can
su can thi¢p cua con nguoi. Xe ty hanh AGV
con dugc goi voi nhiéu tén khac nhu Robot
AGYV, Robot van chuyén hang tu dong.

Hinh 1.1. Robot AGV ndng hang
Xe tu hanh AGV duoc phan chia thanh
cac loai chinh la: Xe ty hanh dang day, dang
nang, dang kéo, dang cho, trén nay la thiét ké

AGV dang nang hang.

1.2. Céu tao ciia xe tw hanh AGV
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Hinh 1.2. Cdu tao chi tiét Robot tu hanh AGV

Ciu tao Robot AGV gdm cac thanh
phﬁn chinh: Khung xe co khi chiu tai, phﬁn

mém diéu phdi RCS, b diéu khién trung tim,
két ndi khong diy qua RF/WiFi, giao dién
nguoi dung quan ly — gidm sat, pin va bg sac,
thiét bi truyén nhén dit liéu va co ciu gan/kéo
hang.

2. HE THONG PIEU KHIEN PA ROBOT -
ROBOT CONTROL SYSTEM

Bai bao tap trung nghién ctu, téi wu
thuat toan trén phan mém diéu khién RCS
(Robot Control System) dé quan ly, diéu phdi,
va t6i wu hoa hoat dong cua cac Robot trong
moi truong lam viéc da Robot. RCS c6 kha
nang tuong tac voi cac Robot, cam bién va cac
thiét bi khac d¢ thuc hién cdc nhiém vu mot
cach hiéu qua va linh hoat.

Hinh 2.1. Phan mém diéu phéi Robot tdp trung
Robot Control System

2.1. Cac thanh phén ciia phan mém RCS

Céu trac phan mém diéu phdi da robot
(RCS) gdm cac thanh phan chinh: Giao dién
nguoi ding dé giam sat va twong tac hé thong;
module diéu khién thyc thi thuét toan phan cong
va quan 1y chuyén dong; module din duong xir
ly tim duong va tranh chudng ngai vat; module
giao tiép truyén dir li¢u gitra RCS va robot qua
cac giao thuc nhu TCP/IP/UDP, RF; cung co
sO dit liéu luu trlr trang thai robot, nhiém vu va
thong tin moi truong phuc vu tdi vu hoa van
hanh.
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2.2. Nghién ctru, xiy dung thuit toan din
dwong — RCS

* Thiét lap thuat toan A* dé tinh toan
duong di it so lugng Robot nhat

A* 13 thuat toan tim duong phd bién,
sir dung ham danh gia dé xac dinh duong di t6i
vu tir diém khéi dau dén diém dich. A* hiéu
qua trong moi truong tinh va cho phép Robot
tim duoc 10 trinh nhanh nht. Nghién ctru dat ra
bai toan A* nang cip tim duong di ngan c6 it
Robot nhat 1a giai thuat tim kiém trong d thi,
tim duong di tr mot dinh hién tai dén dinh dich
¢6 str dung ham dé udce luong khoang cach hay
con goi 1a ham Heuristic két hop thém viéc xéac
dinh vi tri cac Robot cuing trén ban dd dé tbi wu
duong di ngan va it Robot nhat.

* Thuat giai A*
Cong thirc moé rong A*:

Total Cost(F)=G_ +H_ +WxL__  (2-1)

t

Cong thirc ndy 1a mot bién thé cua ham
danh gid A* co ban, dugc su dung trong cac
hé théng Robot AGV, Xe tir 1ai va cac bai toan
1ap ké hoach di chuyén phirc tap, noi khong chi
quan tim dén quing dudng ma con dén cac yéu
t6 chi phi khac.

Bdng 2.1. Bing thanh phan A* mé réng

Thanh
phﬁn

Y nghia trong Robot/H¢ théng
Phirc tap

Chi phi thyc té cua quing duong di di
cost | (Actual Path Cost)

Chi phi u6c lugng dén dich (Heuristic
Cost): Udc tinh chi phi (khoang cach
cost | dquong chéo va khoang cach Manhattan)
tir vi trf hién tai dén dich.

G

Chi phi Tranh Xung ddt/Tranh Rui ro
L (Collision/Penalty Cost): bay la mot

cost | chi phi phat (Penalty) dé danh gia d¢ an
toan, ti 1€ Robot trén duong.

La hing dé diéu chinh mic do quan
trong cia L so voiG, vaH_ . Néu
w W 16n, hé thong s€ uu tién cac duong
di an toan (L thap) hon la duong di
ngan nhat (G_ /H__ thép).

cost

* Heuristic xap xi

Khodng cach Manhattan: Khodng céach
Manhattan la téng cac gia tri tuyét ddi cua su
khéc biét gitra toa do x va y cua 6 hién tai va 6
dich. St dung cho viéc Robot s€ di ngugc tur vi
tri d6 tra hang quay vé dau cip lay hang.

- Gia su: Vi tri hién tai: (x__,y_ ), vi tri
Cn curr curr
muc tiéu: (xgoal,ygoal).

- Heuristic dugc tinh bang:
h = Xcurr — Xgoatl * Yeur — Ygoall (2-2)

- Sir dung phuong phéap tim kiém nay
khi Robot di nguoc tur vi tri dich ve vi tri lay
hang duy tri duong di ngan va it nhanh r¢.

Khoang cach duong chéo: Gia tri tuyét
doi 16n nhat cua sy khac biét gitra tpa do x vay
cua 0 hién tai va 6 dich.

Cong thuec:

dg.-' = IYcurr - Ygoall (2-3)

Heuristic duong chéo:
h=D*(dx +dy) + (D, — 2D)*min(dx,dy) (2-4)

- Thich hop cho Robot di chuyén tir vi
tri cap hang dén vi tri dich néu khu vuc cho
phép di chuyén linh hoat hon.

- D& két hop voi chi phi bo sung: Robot <~
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cit ngang dudng wu tién, khu vuc tic nghén,
chi phi do Robot nam trén duong.

* Chi phi Robot nam trén dudng

Xac dinh mot duong thang hinh chir L
(trudce theo truc X 10i truc Y, hodc nguoc lai) tr
vi tri hién tai dén muc tiéu. Bém s6 Robot xuit
hién trén cac 6 thugc duong nay.

Thém chi phi phat vao ham heuristic dé
thudt toan A* uu tién duong it xung dot hon.

- Cach tinh s6 Robot nam trén duong:

« Gia sir mot duong di gdm hai doan:
DPoan theo truc X + Poan theo truc Y.

* Vi tri hi¢n tai Robot: (x__,y_ ).

* Vi tri muc tiéu: ’(Xgoal,ygoal).

» Tap vi tri cua tat ca Robot khac: R =
{(xpy)

- Buéc 1 - Tap diém trén duong X:
PathX = {(XEYCILTF) | XE[Inin(xcurrsxgoal):max(xcurr:xgoal)]}(2'5)

- Budc 2 - Tap diém trén dudng Y:

Pathy = {(Xgoale) | y€ [min(YGm:Ygoal):maX(YmIrsYgoal)]}(2'6)

- Bué6c 3 - Bém sb Robot trén duong:

Nrobot = Z (x,y)EPathyUPathy 1((x,y) € R) (2-7)

Trong do: 1(x,y) 1a ham chi béo (dung =
1, sai = 0).

- Cong thtrc thém chi phi Robot vao
ham heuristic duong chéo:

dx =| Xcurr — Xgoal I (2-8)

dy =1 Yeurr — Ygoal | (2 - 7) (2-9)

hgiag = D(dx + dy) + (D, — 2D)min(dx,dy)(2-10)
- Thém chi phi Robot vao heuristic:

- bat C. = h¢ ) phat cho mdi Robot
chan duong (1, 2 hodc > 5 tuy mirc d wu tién
tranh xung dot).

h= hdiag + C; - Niobot (2-11)

Trong do:
h=D(dx+ dy) + (D, — 2D) min(dx,dy) + C; * Nygpot (2-12)

* Y nghia ctia ham chi phi

Néu duong c6 nhiéu Robot — chi phi
taing — A* tu dong chon duong vong, giam
xung dot, tim kiém cung duong phu hop cho
Robot, di trén dudng ving nhat.

2.3. Nghién ctru thuit toan phan phoi va diéu
Kkhién da Robot
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Hinh 2.2. Thudt toan phan phoi va diéu khién da
Robot
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Thuét toan diéu phdi Robot trong RCS
dya trén trang thai hoat dong va muc uu tién
nhiém vu. Hé théng backend lién tuc nhan
trang thai robot va gédn nhiém vu phu hop véi
diéu kién thyc té.

- Robot & bai dd: Néu sb robot tai khu
vuc Induction chwa vuot gidi han — diéu dong
to1 Induction; nguoc lai tiép tuc cho.

- Robot ¢ dau cip: Quét ma hang — néu
mi hop 1&, truy van WMS va diéu hudng t6i
dung Chute; néu khong hop 18 thi tiép tuc cho.

- Robot hoan thanh nhiém vu: Néu pin
yéu — chuyén tdi tram sac; néu pin du — quay
lai Induction dé nhan hang mai.

- Robot dang sac: Khi pin dat muc t6i
thiéu — quay lai Parking cho Iénh; néu chua
dat thi tiép tuc sac.

Tom tat: Robot dugc didu hudng t6i vi
tri phu hop theo trang thai thyc té: Bai dd —
Pau Cép hang — Vi tri dich — Tram sac, voi
quyét dinh phu thudc tai nhiém vy, va mirc pin.
Hé thdng ludn chon diém dén gan nhat dé tbi
uu thoi gian va giam xung dot.

2.4. Xay dung thuat toan tranh va cham s
dung thuat toan tién doan thoi gian

Thuat toan tranh va cham cho hé théng
da Robot trong méi truong dang ma tran c6 thé
duoc xay dung dua trén thuat toan tién doan vé
thoi gian (Time-Predictive Collision Avoidance
Algorithm). Thuat toan nay str dung thong tin
vé vi tri, hudéng di chuyén va toc do cia mdi
Robot dé dy doan vi tri trong lai ctia ching va
tranh va cham.
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Hinh 2.3. Thudt todan tranh va cham
* Khoi tao cac bién va thong tin can thiét

Ban d6 dang ma tran (Grid Map): Ban
do duoc chia thanh cac 6 vudng, moi 6 co toa
do (x, y) va co thé ¢ trang thai “trong” hodc
‘Cban”‘

Robot State:

- R, dai dién cho Robot thr i.

- P(t) = (x,(1),y,(1)): Vi tri cua Robot i tai
thoi diém t.

- V. Van tdc ctia Robot i.

- T.(t): Huong di chuyén ciia Robot i tai
thoi diém t.

Thoi gian dy dodn (Prediction Horizon)
T: Khoang thoi gian ma h¢ thong s€ du doan vi
tri cia Robot d€ phat hién va tranh va cham.

Ma tran thoi gian (Time Matrix): Luu trir
thong tin vé thoi diém ma mdi 6 s& bj chiém boi
cac Robot, M(x,y) = t c6 nghia 1a 6 tai toa do
(x.¥)(X,y)(x,y) s& duoc chiém vao thoi diém t.

Du doan vi tri ciia Robot trong thoi gian
t6i: Tai moi budc thoi gian t, du doan vi tri cia

mdi Robot R. trong khoang thoi gian du doan T: <
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Str dung téc do V. va hudng T (t) cua
Robot dé tinh toan vi tri du kién trong céc budc
thoi gian tiép theo:

P (t+At) =P (t) + V, x T(t) (2-13)

Cap nhat vi tri du doan ctia modi Robot
trong ma trén thoi gian, néu R, s€ chiém 6 (x,y)
vao thoi diém t+At, thi ta gan:

M(x,y) = t+At (2-14)

* Kiém tra va cham trong thoi gian du doan

Sau khi cap nhat vi tri dy kién cho tat ca
céc Robot, kiém tra timg Robot R, dé xac dinh
xem vi tri tuong lai cua n6 co6 trung véi vi tri
ctia bat ky Robot nao khac trong ma tran thoi
gian.

Véi mdi budc thoi gian t+k (trong
khoang T), kiém tra xem vi tri P.(t+k) co trung
véi vi tri du kién cta cac Robot khac tai cung
thoi diém hay khong.

Néu M(x (t+k),y,(t+k)) = t+k, thi xay ra
xung dot vi tri, nghia la c6 kha nang va cham.

Giai phép tranh va cham: Néu phat hién
xung dot vi tri, co thé thuc hién cac budc sau dé
tranh va cham: Giam téc d6, Thay d6i huéng di
chuyén, Chd trong mot khoang thoi gian, Diéu
chinh thir ty vu tién.

Cap nhat ma tran thoi gian: Sau khi da
giai quyét cac xung dot, cap nhat lai ma tran
thoi gian. Thuat toan tiép tuc 1dp lai cac budce
trén trong thoi gian thuc dé dam bao khong c6
va cham nao xay ra khi cac Robot di chuyén
trong moi truong.

3. THU NGHIEM MO PHONG VA PANH
GIA HE THONG

Panh gia hiéu suit va kha ning hoat
dong lién tuc chay thu nghi¢ém phan mém:

v P python 198% 10350M8
B python WEN  S:/IME
P pyovon 0% 777 M8
P python s TEO MB
P oynon s 759 M8
P pyhon 12% T42 MB
P pymhon 0% 630 M8
P pyon o% 626 M8
P pnon 0% oM
I Comole Wndow Host s 57 MB

Hinh 3.1. Két qua thuc hién mé phong phan mém
RCS

Hé théng hoat dong 60 tiéng lién tuc,
thuc hién hon 400.000 nhiém vy, sb luong
Robot dugc diéu khién trong hé thong dat 0 —
130 Robot tuy thudc vao kich thudc cua ban
d6 dugc khéi tao. Cac Robot dam bao viée di
chuyén hang hoa chinh x4c dén cac dia chi dich,
khong bi va cham trong qué trinh di chuyén.
Heé thong khong bi treo, cac Robot van phan b
déu ning suat dugc duy tri. Hi¢u ning may tinh
duy tri & muc 6n dinh: Speed 4.0 Ghz, 39.5%
CPU —I5 13400, Ram 1,03 GB, 9 Multi Core
Process.

4. PHUONG THUC TRUYEN THONG
VOI PA ROBOT AGV

Giao thirc truyén thong giira hé thong
diéu khién Robot (Robot Control System -
RCS) va cac Robot 1a mot yéu t6 quan trong
dé dam bao cac Robot hoat dong tron tru va
ddng bo. Cac giao thirc nay thuong dua trén
cac tiéu chuan truyén thong phod bién trong
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tur dong hoa va diéu khién, bao gbm MQTT,
WebSocket, TCP/IP, RESTful API, va RF
(Radio Frequency).

| | | | ) |
L - I o] -

— (] [ -

Hinh 4.1. So do két noi RCS véi AGV qua RF
* V& co ché thirnghiém Lora (Long Range):

* LoRa: La cong nghé RF c6 pham vi
phu song xa, phu hop cho céac tng dung doi hoi
két n6i & khoang cach 16n.

« Kién tric hoat dong: Robot va RCS
két ndi v6i nhau qua gateway LoRa, gitip truyén
thong tir xa va xuyén qua cac moi trudng co vat
can.

* Khung ban tin: Header - Chtra thong
tin vé& ban tin, ma hoa va kiém tra 13i. Payload
- Ma nhi phan, chira cac thong tin co ban vé
nhi¢m vu hodc trang thai cua Robot.

ALCHs PO = - - o mmm e Robot
|
Ty LDP ResoniD 1
- Send Message 1
UDP RcbodD 2 o Wes
FCS | . | Respone Message 1
- - L]
LG Rasatily Send Messags 7
| - 3ms
—
Respone Message 7 L]

Hinh 4.2. Nguyén Iy truyén ban tin RCS — AP — AGV
5. KET LUAN
* Quy trinh tich hop:

- D3 dua ra duge mé hinh toan hoc dé
mo phong hanh vi ciia Robot trong moi truong
nha kho thong minh.

- ba xay dung va lap trinh dugc cac
thuat toan diéu khién va dan dudng duogc trong
phan mém RCS.

- Pa thuc hién cac bai kiém tra trong
moi truong moé phong trudce khi trién khai thuc
té, nham diéu chinh va t0i wu hoa thuét toan.

* Hi¢u qua cta 3 thuat toan da duoc nghién
ctru ap dung trong phan mém diéu phoi — RCS:

- Tang cuong do tin cdy: Cac thuat toan
diéu khién va dan dudng gitip Robot hoat dong
an toan va hiéu qua, tiét kiém chi phi ning lugng
5-10%, giam dugc chi phi cam bién Lidar trén
Robot 1én t6i 20 Triéu dong.

- Téi vu hoa quy trinh: Cac thuét toan
cho phép toi wu héa 1o trinh va phan cong
nhiém vu, hiéu suét 1am viéc cua ca hé théng
Robot AGV dugc nang 1én 20% da duoc kiém
nghiém tai nha kho théng minh.
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- Linh hoat va thich tmg: Hé théng co
kha ning phan hdi nhanh véi nhiing thay doi
trong moi truong, thay doi vi tri cac dich dén
cua hang hoéa trong kho hang thong minh, duy
tri hoat dong on dinh. %
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