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TOM TAT

Trong béi canh cudc cach mang cong nghiép 4.0, viéc thiét ké va
phat trién mé hinh xe tw hanh, nhdam tw dong hoa qua trinh van
chuyén va quan Iy hang héa trong kho dwoc tdp trung nghién ciru
trong bai viét gép phan ndng cao hiéu qua hoat dong va téi wu héa
chi phi van hanh. Module WiFi D-DWM-PG3.6 dwoc sir dung dé
dinh vi xe. M6 hinh duwoc kiém tra trong khong gian thi nghiém c6
dién tich 100 m?, c6 kha nang van chuyen vat pham nho kich thuoc
16i da 20 x 20 cm. Quy dao di chuyén duge thiét lp thong qua hé
toa do hai chiéu. Sau hon 50 lan thir nghiém cho thdy do chinh xdc
dat sai s6 xdp xi 10,4 + 5,1 cm so véi qui dao mong muon. Bén
canh do, mot ung dung di dong dwoc phat trién dé diéu khién xe va
quan ly don hang theo thoi gian thyc. Két qua cho thay hé thong
g6p phan cdi thién quy trinh van hanh kho hang. Tuy nhién, vung
dién tich khdo sdt can dwgc tiép tuc mé rong & cac nghién ciru tiép
theo dé cé thé dap vmg véi cdc kho hang Ién.

Tir khéa: Cam bién siéu Gm, dinh vi, quan li nha kho, xe ty hanh
ABSTRACT

In the context of the Fourth Industrial Revolution, this study focuses
on the design and development of an autonomous vehicle model for
warehouse operations, with the goal of automating material
handling and inventory management, thereby enhancing
operational efficiency and optimizing operating costs. The system
uses the D-DWM-PG3.6 WiFi module for vehicle positioning. The
model is tested in a laboratory space of 100 m? and is capable of
transporting small items with a maximum size of 20 x 20 cm. The
movement trajectory is defined using a two-dimensional coordinate
system. After more than 50 trials, the results show an accuracy with
an approximate error of 10.4+5.1 cm compared to the desired
trajectory. In addition, a mobile application was developed to
control the vehicle and manage orders in real time. The results
indicate that the system contributes to improving warehouse
operation processes. However, the surveyed area should be further
expanded in future studies to accommodate larger warehouses.

Keywords: Automated guided vehicle, positioning, warehouse
management, ultrasonic sensor
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1. GIOI THIEU

Ty dong hoa kho hang dang tré thanh xu hudng
tat yéu nham tdi wu hidu suét va giam chi phi van
hanh trong kho hang (Tiwari, 2023). Trong do, xe tu
hanh (AGV) dong vai tro then chdt, giup giam phu
thudc vao lao dong thu cong, néng cao do chinh xac,
tdc do va kha ning truy xuat hang hoa (Chengetal.,
2025). He thong AGV con gop phan t6i wru ludng d1
chuyén, giam thoi gian cho, chi phi nhan cong va rui
ro tai nan trong cac kho van hanh lién tuc, quy md
16n (Liu et al., 2025; Maza, 2025).

Tuy nhién, mét thach thirc 16n cia AGV la kha
nang dinh vi chinh xac trong méi truong trong nha
kho, noi tin hiéu GPS bi han ché (Wang et al., 2025).
Cac phuong phap nhu cam bién quang hoc, tir
truong hay RFID tuy chinh xac nhung yéu cu ha
tang ¢ dinh va chi phi cao, 1am giam tinh linh hoat
hé thong (Wiemken et al., 2018; Tatiparthi et al.,
2025). Trong bdi canh d6, viéc sir dung cam bién hd
trg AGV xdc dinh vi tri, dinh hu6ng va hang hoa
trong moi truong phire tap, noi khong thé trién khai
céc hé thong dinh vi truyén théng dang 1a xu hudng
nghién ctru méi (Huynh et al., 2022).

Theo nghién ciru cua Huissoon and Moziar
(1989), viéc tich hop cam bién siéu am vao xe din
duong ty dong (AGV) mang lai hi€u qua ro rét trong
viéc giam thiéu va cham véi cac vat can trong qué
trinh di chuyén, dac biét 1a trong cac moi truong chat
hep hodc c6 nhiéu thay d6i (Wiemken et al., 2018).
Cam bién siéu 4m cho phép AGV phat hién cac vat
thé xung quanh trong thoi gian thuc va phan hoi
nhanh chéng trude nhitng tinh hudng tiém an nguy
co, tr 6 nang cao d6 an toan va do tin cdy khi van
hanh hé théng (Tong et al., 2005). Khi dwoc két hop
v6i cac thudt toan diéu hudng va hé thong thong
minh, AGV khong chi cai thién kha ndng tranh
chudng ngai vat ma con co thé thich nghi linh hoat
v6i sy thay ddi b tri khong gian kho bai ma khong
can can thiép hoac thay doi ha tﬁng vat 1y san co,
gitp tiét kiém chi phi va nang cao hiéu qua quan ly
kho (Mitra et al., 2025; Yilmaz et al., 2025).

So v6i AGV thuong mai (nhu Dematic, Omron
LD) v6i hé théng khép kin, chi phi cao va tiy bién
han ché (Lee et al., 2022), AGV nhiing (Raspberry
Pi, NVIDIA Jetson) ndi bat v6i tinh linh hoat.
Nghién ctru cia Hwang et al. (2024) cho thay hé
thong nay dé& tuy chinh phin mém (ROS 2), tich hop
nhiéu cam bién (LIDAR, OpenCV, UWB) va két ndi
vdi legacy qua giao thirc m¢ (Modbus, MQTT). bac
biét, AGV nhing chuyén dbi linh hoat giita cac
phuong phéap dan dudng (QR code, SLAM) chi bang
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cap nhét phan mém — diéu ma hé théng thuong mai
kho dat do phu thudc phan cting doc quyén (Zhang
et al., 2022). Két qua thir nghiém cho thdy AGV
nhiing giam rat nhiéu chi phi trién khai, pht hop véi
kho hang vira va nho, mo ra tiém ning ung dung
rong rai.

Tir thyec tién trén, hé thdng AGV sir dung module
dinh vi D-DWM-PG3.6 phdi hop véi cam bién siéu
am HC-SRO5 dugc tap trung phat trién dé xac dinh
vi tri nang cao kha ning diéu huong chinh xdc cho
xe. Thong tin hang héa duoc diéu khlen qua Ung
dung di dong, hd tro van chuyén va sip xép tu dong.
H¢ thong cho phép giam sat thoi gian thue, diéu
khién tir xa va da dugc thir nghiém qua | nhiéu lan dé
danh gia hiéu suét, do chinh xéac va d6 én dinh. Cac
huéng cai tién nhu ting tbc d6 di chuyén, t6i wu
thuat toan didu hudng va mé rong quy mo mng dung
trong kho hang thong minh ciing duoc dé xuit trong
nghién clu.

2. PHUONG PHAP NGHIEN CUU
2.1. Khii quat h¢ théng van chuyén véi xe

tw hanh
Hé théng Cam bién Thiét bi
UWB siéu am android
l A
May tinh '
» nhung «* Webserver
Raspbery
' I
Driver |, Google
diéu khién sheet
v ,
bong co Arduino Co Vca‘iu
budce oan

Hinh 1. So dd tong quat ciia h¢ thong xe tu
hanh trong kho hang

Luu d tong quat cua hé thong van chuyén dwoc
mo ta & Hinh 1. Theo d6, hé théng bao gdm ba thanh
phan chinh: hé théng tram UWB, thiét bi Android
va may tinh nhing xur ly trung tdm Raspberry Pi 4
Model B 4GB. Vi tri ciia xe dugc xac dinh nho tin
hiéu tir thé UWB di dong gén trén xe. Dit liéu vi tri
sau do dugc xir Iy dé tinh toan goc léch va diéu
hudng (Shoop et al., 2025).

Tin hi¢u diéu hudng dugc truyén dén driver diéu
khién nhdm thay doi tan sb xung PWM, tir d6 diéu
chinh téc do cua dong co dé dua xe dén dang vi tri
yéu cau. Khi xe dén gan ti hang, cam bién siéu 4m
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duoc kich hoat dé hd trg xe tiép can modt cach an
toan va chinh xac hon. Tai day, mot Arduino dugc
st dung dé diéu khién co chu gép, thue hién cac tac
vu xir Iy don hang nhu iy hodc dat hang vao ti.
Viéc su dung Arduino song song voi may tinh
nhiing Raspberry Pi mang lai nhiéu lgi ich. Cu thé,
Arduino dam nhan céc tac vu thoi gian thyc nhu
diéu khién co cdu chp hanh, giup giam tai cho
Raspberry Pi. Diéu nay cho phép Raspberry Pi tap
trung vao cac tac vu tinh toan phirc tap nhu xir Iy s6
liéu tir UWB, diéu huéng thong minh va quan 1y
mang truyén thong. Pong thoi, kién trac don gian va
phan hdi nhanh ctia Arduino gitip cai thién d¢ chinh
xéc va tinh én dinh cta hé théng, dac biét trong cac
tinh hubng yéu cau phan hdi tirc thoi.

Toan by hé théng duoc giam sat va diéu khién
thong qua thiét bi Android, cho phép giri 1énh va
nhan phan hdi qua Webserver. Dong thoi, lich sir
hoat dong va thong tin cac don hang cling dugc tu
dong ghi nhan va luu trit trén Google Sheet, hd trg
hiéu qua cho viéc giam sat va theo doi.

Trong méi trudong kho thong minh, module dinh
vi D-DWM-PG3.6 cua hing Decawave (Decawave
Limited Company, 2021) dugc st dung nhim xéac
dinh vi trf va hd trg diéu huéng cho xe tu hanh

2.2. Mb ta quy dao di chuyén va bb tri trong

kho hang

Khong gian hoat dong cua mo hinh duge mo ta
nhu Hinh 2, khoang céach giita cac day ké thuong tir
120-150 cm, du dé xe tu hanh c6 thé quay dau dé
dang. Cac ngan ké nén c6 chidu rong tir 50-60 cm
dé xe tiép can va gdp hang thuan tién. Dién tich
khong gian hoat dong cho mot khu vuc cthuong dao
dong trong khoang 150-200 m?, tiiy theo sé luong
va kich thudc cac ké hang.

Trén xe tu hanh gén hai th¢ UWB  dé nhan tin
hiéu tir cac tram ¢ dinh (Hinh 3). Dya trén cac tin
hi€u vi tri thu dugc, xe tinh toan va cap nhét vi tri
hién tai dudi dang toa do (x, y). Khoang cach gitra
cac tram UWB duoc bd tri hop 1y trong khodng 5—
20 m, tiy thudc vao kich thude va yéu cau dinh vi
trong tirng khong gian.

Xe van chuyén AGV duoc thiét ké voi muc tiéu
t6i uu hoa kha nang di chuyen trong moi truong kho
hang, noi yéu cau cao veé tinh chinh xac va hiéu suét
van hanh. Bé dam bao kha niang hoat dong 6n dinh,
xe duge cau tao phi hop véi dia hinh bang phang,
dic trung cia cic hé théng luu trir hang hoa
cong nghiép.
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| | robang | |
(D) oo ----- ----- 120 )
! | | mnang | ‘ |
60 cm
10m --- Quy dao di chuyén

AGV

@ Module UWB

Home Tram chu
(®) @

12m

Hinh 2. B6 tri tii hang va quy dao di chuyén caa
xe tuw hanh

M6 hinh xe ¢6 kich thude 70x20%65 cm, véi
khoang cach vuon tbi da cua tay gip hang 1a 50 cm.
Xe ¢6 kha nang van hanh 6n dinh khi xir Iy cac don
hang c6 kich thude t6i da 20 x 20 cm va c6 thé nang
vat c6 khdi lugng tdi da 0,5 kg nho hé thong tay gap
dugc thiét ké chuyén biét.

Cam bién
siéu am

UWB Co cau gdp
Hinh 3. Xe van chuyén AGV trong kho hang

Dé dat do chinh xé4c cao trong dinh vi, hé théng
dinh vi str dung hai module D-DWM-PG3.6, khoang
cach gitta hai module 70 cm va khoang céach
gitta hai cam bién si€u am dat & hai mép bién la
15 cm (Hinh 3).

2.3. Phwong phap di chuyén

2.3.1. Diéu khién di chuyén thing

Dit liéu vi tri thu thap tir hé théng UWB duoc sir
dung dé tinh toan vi tri va goc phuong vi cia xe.
Nhu mo6 ta & Hinh 4, khoang cach va goc léch gitra
vi trf hién tai cua xe va diém dén tiép theo duoc tinh
theo cong thirc sau:
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180
0,= arctcm( yO) (1)
X,— X, T
- 180
6, = arctan Yo |, 2 2)
x, —x, z
p=0,-0, (3)

Trong do:

6p 1a gbc cua xe so voi truc hoanh;

Or 1a goc cua diém muc tiéu so v&i truc hoanh;
S 1a goc léch can tinh toan;

(X0, Vo la toa d0 ctia dau xe;

(xp, ¥p) la toa d§ ciia miii xe;

(x; vy 1a toa d6 ciia diém can toi.

10
e O (xe ty hanh)
e  F (hudng hién tai)
81 e P (muc tiéu)
"""" 6xe P
"""" emuc tiéu ?
61 b
¥
41
2
0 o
0 2 4 6 8 10
b~ -29.29°

Hinh 4. M ta goc léch B

Bo diéu khién gui lénh diéu chinh tdc do dong
co budc dé thay doi hudéng gilp xe di chuyen Téc
d6 dong co duoc didu chinh bang cach thay doi gia
tri d6 1on cua ban chu ki xung cap vao dong co va
duoc tinh theo cong thire sau:

tr=tx(t,xk,xp) (4
UH=tx(t, xk,xp) (5
Trong d6:

1l va tr 1a ban chu ki cua xung cp cho driver diéu
khién dong co budc;

t 1a ban chu ki ban dau cta xung cip cho dong
co budc;
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#;1a hé s chu ki (z= 0,0001);
K;1a hé s6 chénh léch.

Qua trinh nay dugc thyc hién lién tuc theo chu
ky cap nhat ciia hé thong dinh vi, gitip xe di chuyén
muot ma, tranh sai léch lon trong qua trinh di
chuyén. Hé théng lién tuc kiém tra goc 1éch dé dinh
hudng xe di chuyén dén diém can tdi theo ban do
dinh san cho dén khi hoan tat quy dao di chuyén.

2.3.2. Diéu khién xoay goc xe

Do tb¢c d6 di chuyén va chuyén huéng cua xe &
céc goc quay 16n kha cham, do d6 mot bo diéu khién
PID thtr hai duge thém vao dé diéu chinh téc do
dong co, giup xe quay nhanh hon khi goc 1€ch 16n
va giam dan khi tién gan dén vi tri mong mudn
(Nguyen, 2008). Khi xe can quay voi goc f, bo didu
khién PID tinh toan gia tri didu khién Ar dé didu
chinh tdc do hai dong co nhu sau:

tr=tl=t+1.000xAt  (6)
Trong do: Arla daura cua b giup hiéu chinh ban
chu ki xung cap cho bd dicu khién ddng co.

Sai s goc quay duoc dinh nghia e=$ v6i muc
tiéu la dua g v€ 0. D¢ dap ung yéu cau d6 bo PID
duoc thiet ke theo cong thic:

de
A=K, ><e+Kifedt+KdZ (7

Hoac:
Atzpre+Ki><I+Kd><D 8)
Véi:
I=[edt=pxdt (9)

de -5,
=—= (10)
dt dt
Va dt 1a thoi gian 1dy miu.
Trong d6:
) Hé sb K, diéu chinh tdc do dong co theo sai
s0 goc;
Hé sb K; giam sai s6 bang cach tich lity 15i theo
thoi gian £
~ He s6 K, phan tng véi sy thay doi nhanh cua sai
s0 d¢ tranh dao dong manh.

Sau qua trinh diéu chinh thu cong, két qua gia tri
K;=0,004, K,= 0,13 va K, = 0,0016.
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ThO‘l gian (0,5 s)
a) Thay doi goc f khong c6 PID

3.15 -
— Af
3.10 -

3.05 A

3.00 A

At (ps)

2.95 A

2.90 4

285 4
0 5 10 15 2
Thoi gian (<0,5 s)
¢) Thay d6i Az khong c6 PID
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0 2 4 6 8 10 12

Thoi glan (% 0,55s)
b) Thay déi goc ff ¢o PID

At (us)

T T T T T T

0 2 4 6 8 10 12
Thoi gian (0,5 s)
d) Thay déi At c6 PID

Hinh 5. Két qua diéu khién géc quay B va nhip ban chu ky xung At sir dung PID

Két qua st dung bd didu khién PID duoc trinh
bay & Hinh 5. Theo d6, khi bo diéu khién PID dugc
ap dung thi quang thoi gian dap Gmg goc quay S tir
90° vé 0° giam dang ké su dao dong va thoi gian dap
tg tir x4p xi 11 s (Hinh 5a) xudng con khoang 6 s
(Hinh 5b). Va nhip ban chu ky xung At thay doi tir
gié tri ¢6 dinh 3 ps (Hinh 5¢) sang gia tri dong, bién
d6i theo thoi gian (Hinh 5d).

2.4. Phuwong phap tiép can tii hang

Dé dua hodc lay hang vao tii hang can dam bao
xe AGV phai di chuyén thing, vudng goc voi ti
hang va dimg lai & vi tri phit hop. Dé thuc hién cong
viéc nay, hai cam bién siéu am da duoc lip & phia
trude (Hinh 6) thyc hién nhiém vy do khoang céach
v6i ti hang, dam bao xe tiép can tii hang véi khoang
céch an toan, han ché va cham trong luc tay gip c6
thé di chuyén.

Cam bi¢n
siéu dam

Hinh 6. B6 tri cAm bién siéu Am trén xe

D2

AGV D1

Tu hang

Hinh 7. Vi tri twong ddi ciia xe véi ti hang

Céc cam bién siéu am dugc kich hoat khi xe da
hoan thanh hét 1§ trinh di chuyén bang D-DWM-
PG3.6 va dung cach ti hang véi khoang céach tir 50
dén 55 cm nhu Hinh 7. Trong qua trinh di chuyen
dén tu hang xe tu hanh lién tuc doc cam bién siéu
4m 1 va cam bién siéu 4m 2 dé dam bao xe khong di
léch hudng. Néu co léch hudéng xe tu hanh thay doi
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ban chu ki ctiia xung cap cho bg diéu khién dong co

theo quy tic sau:

Khi D; — D, >2 cm:

th=t,+t,
tr=t,—t,

(11

KhiD;—D,<-2cm:

{tl =t,—1, 12

tr=t,+t,
Khi-2em<D; — D> <2 cm:

tr=tl=t, (13)
Trong d6:
tr, 114 ban chu ki xung ciia bo diéu khién;
19 14 ban chu ki ban dau cuia xung;
tey 1a ban chu ki hiéu chinh;

D, D; 1a gi trj do dugc ctia cam bién siéu 4m 1
va cam bién siéu dm 2.
Quy trinh di chuyén két thuc & vi tri dimg khi xe
ty hanh cach tu hang 10 £2 cm.
2.5. Ung dung quén Iy kho va diéu khién xe
tu hanh

Giao dién img dung (Hinh 8a) dugc thiét ké truc
quan, than thién v6i nguoi ding, cho phép hién thi
day da va chi tiét thong tin lién quan dén timg don
hang. Cu thé, giao dién cung cép céac truong dir liéu
nhu tén san pham, tén khach hang, vi tri luu trit trong
kho, trang thai xtr Iy cua don va lich st thao tac cua
timg don hang qua cac mdc thoi gian cu thé. Nho
d6, nguoi dung c6 thé d& dang theo ddi qué trinh xir
ly don hang ciing nhu kiém soat hoat dong cta hé
théng mot cach hiéu qua (Samuel et al., 2021).

Khi mét don hang méi dugc tiép nhan, nguoi
van hanh co thé sir dung giao dién nhap liéu (Hinh
8b) dé dién cac thong tin can thiét vao hé thong.
Trong truong hop xuét hang, ngudi ding chi can
chon don hang can lay trén giao dién ing dung. Hé
thong ngay lap tirc guri 1énh diéu khién dén xe AGV,
yéu cau thuc hién thao tic lay hang va van chuyén
dén khu vuc giao nhan. Pdng thoi, dir liéu xuét kho
dugc cap nhat va luu trit trén hé thong. Vi thiét ké
don gian nhung hiéu qua, ing dung nay dong vai trd
nhu mot cdu ndi quan trong gitra hé thong quan ly
kho va xe AGV.
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Quan ly don hang € Thém don hang

Danh sach don hang Nhap théng tin don hang

192168161

Ngudi gui: F

Théi gian nhan: 15:11:07, 6/3/2025
Vitri: KhuF, K& 5, Vitri 3

Trang thai: Nhép Vi tri luu kho:
Tén hang: 5

Ngudi gisi: C

Thai glan nhdn: 15:43:41,6/3/2025

Vitri: Khu H,K§ 8, Vitri 3

Trang thai: Nhip

Tén hang: Hop

Ngudi git: Thanh

Théi gian nhiin: 141611, 12/3/2025
Vitri: Khu A, K& 1, Vi tr 3

Trang thai: Nhip

LUU BON HANG

Tén hang: hop
Nguél git: Thanh

Thaéi glan nhin: 14:20:23,12/3/2025
Vitri: Khu A, K& 3, Vit 3

Trang thét: Nhap

(ravooino I v oo

a) Giao dién
diéu khién trén tng dung

b)Giao dién nhap théng
tin don hang
Hinh 8. Cac giao dién ciia irng dung
3. KET QUA VA THAO LUAN
3.1. Téc d di chuyén thing ciia xe
Téc @6 di chuyén cua xe ty hanh phl_l thg(f)c vao
ban chu ki cua xung cap cho driver dicu khién dong
co. Thong qua cong thirc:
r=tx(t;xk,xp)
h=tx(t,xk,xp)
bé ‘khéo‘ sat anh hudng cua hé sc”')»t, tam thoi bo
qua phan diéu hudng, cho xe di chuyén thang, hoan
thanh quing duong 3 m va ghi lai thoi gian. Két qua
dugc trinh bay ¢ Bang 1.
Bang 1. Anh huéng ciia hé s6 7 dén van téc xe

Hé¢ so ¢

Thoi gian hoan thanh Vin toc

) (O] (cm/s)
0,001 21,5 14,0
0,002 49,4 6,1
0,003 68,5 4.4
0,004 103,4 2,9
0,005 155,6 1,9
0,006 187,3 1,6
0,007 2187 1.4

Két qua cho thiy khi cang ting hé sb ¢, thoi gian
hoan thanh 19 trinh ngay cang tang. Qua thi nghiém
chon 7= 0,003 s dé xe c6 thé di chuyén véi toe do
4,4 cm/s. Toe do nay phu hop cho di chuyén trong
kho hang véi khong gian hep va yéu cau di chuyén
6n dinh.



Tap chi Khoa hoc Pai hoc Can Tho

C6 dinh hé sb 1=0,003 s, phan diéu hudng duoc
bd sung thém dé danh gia sy anh huong ciia hé sb
chénh léch K, t6i qua trinh didu hudéng cia xe tu
hanh. Thi nghiém duoc thiét ké dé xe di chuyén dén
theo quy dao hinh zigzag va ghi nhén lai sai s6 16n
nht va sai s6 trung binh sau nhiéu lan chay. Két qua
thi nghiém duogc trinh bay ¢ Bang 2.

Béang 2. Aph huwong cia hé s6 K, téi kha ning
diéu huwéng

Sai s6 16m nhat

Sai s0 trung

He s0 Kp (cm) binh (cm)
01 23 25,9
0.2 2 185
0.3 16 145
0.4 13 118
0.5 13 9.7
0.6 17 156
0.7 19 17.3
0.8 19 17.9
0.9 20 18.8

Két qua cho thay sai s6 nho nhat ghi nhan dwoc
qua qua trinh di chuyén 1a 9,7 cm tuong tng véi
K,=0,5. Khi tang k, tir 0,5 1én 0,9 sai s6 ting dan
va nguoc lai khi giam K, tir 0,5 xudng 0,1 sai sd
ciing ting dan. Vi vy ta chon K, = 0,5 dé diéu khién
cho mé hinh xe tu hanh.

3.2. Két qua di chuyén tong hop va quan Iy

kho hang

Hé théng dinh vi UWB duqc’ dénh gia trong }(hu
vuce thr nghiém 16x16 m. Hé thong gom céc thiet bi
¢0 dinh va mdt thiét bi di dong (UWB-Tag).

Nhu mé ta & Hinh 9, két qua tong hop tinh toan
sai sd trung binh 1a 10,4 +5,1 cm. Két qua nay
tuong d6i phu hop vé6i thong s6 ciia nha phat hanh
12 5 cm (Decawave Limited Company, 2021). Sai s6
nay khong anh huong nhiéu dén chit luong di
chuyén cua xe tu hanh vi d3 c6 su hd tro cia cam
bién siéu 4m dé xir Iy & mirc d6 chinh xac dén ~2 cm.
Tir két qua nay, thi nghiém dé danh gia sai s khi két
hop UWB v6i xe tg hanh trong moi truong phong
thi nghiém v&i cac vat can nhd duogc trinh bay &
Hinh 10.

Xe thyc hién vén chuyén hang hoa trong khong
gian dugc bo tri nhu Hinh 10 d€ danh gia kha nang
di chuyén khi c6 tai, cling nhu kha nang xu 1i hang
hoa.
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Két qua thi nghiém kiém tra quy dao thuc té cua
Xe qua nhiéu lan chay thir duoc thé hién trong Hinh
11. Céac vét mau dai dién cho cac lan di chuyén khac
nhau (do, xanh dwong, vang, xanh 14) cho thay sai
léch gitra cac quy dao 1a trong dbi nho, khong vuot
qua 10,4 cm. Piéu nay phan anh kha ning bam quy
dao cuia hé thong diéu khién 1a c6 tinh lip lai va
6n dinh.

Bén canh kha nang di chuyen xe tu hanh cling
dugc kiém tra vé hiéu ning gap va dat hang. Dir liéu
tir cac 1an thir nghiém cho théy ti 16 thao tac sai (bao
gdm dit sai vi tri hodc gip khong chinh x4c) chiém
4/30 lan tuong duong ty 1¢ 13,3%. Ty 1¢ sai sot nay
cling can t1ep tuc dugc cai thién thém & nhiing
nghién ciru tiép theo.
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> o s
c) Budng di chuyén
tai goc quay cua xe

b) Buo’ng d1 chuyen thang
cua xe tir hanh

d) Sai s6 16n nhét duoc ghi nhan
Hinh 11. Két qua di chuyén
3.3. Thao luin

Két qua thyc nghiém cho thiy viéc xe véan
chuyén tuy hanh sir dung céng nghé dinh vi bing
song WiFi ¢6 thé mang lai hidu qua trong viéc quan
1y va van chuyén hang hoa trong kho. Hé théng hoat
dong véi sai s6 ghi nhan dam bao dii mirc do chinh
xéc dé di chuyén va dat hang.

Tur khao nghiém module D-DWM-PG3.6 va di
chuyén cua xe tu hanh, sai s6 trung binh ghi nhin
duoc 1a 10,4 = 5,1 cm. Ti I€ hoan thanh xtr 1y hang
dat 86,7%. Cac két qua dat dwoc cho thy tinh kha
thi cua viéc ap dung xe tu hanh vao viéc di chuyén
va cap hang trong nha kho. Ty 1¢ hoan thanh nay con
¢6 thé tang 1én do phan ctng ctia md hinh thi nghiém
con chua dap tng tinh 6n dinh cong nghiép.

Trong qua trinh di chuyén xe gip van dé 1a 1éch
hudng, nguyén nhan du doan la do anh huong cua
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