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This study addresses the problem of accurately detecting and
guantifying the misalighment between two stacked pallets, aiming to
automate the loading and unloading process in warehouse
environments. The authors propose an integrated approach that
employs an RGB camera in combination with the YOLOv11 deep learning
network for pallet detection. Subsequently, the Hough transform is
applied to extract boundary lines and key points of the pallets. To
determine the alignment condition, the Euclidean distance between
corresponding edges of the target pallets is calculated. Experimental
results demonstrate the system’s capability to accurately recognize
pallets within the forklift’s field of view. This enables the forklift to
promptly adjust its position to place goods correctly, thereby preventing
the risk of load collapse when stacking at high levels. The proposed
method not only provides an effective solution for automating logistics
operations but also offers substantial potential for application,
particularly in meeting the demands of automated operation and
intelligent management in large-scale warehouse systems.
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Ung dung thi gidc may tinh ho tro’ xép chong pallet trong van hanh kho hang

twdong
Phung Van Thom
Khoa Co khi, Truoing Dai hoc Cong nghé Bong A
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Nghién ctru nay gidi quyét bai toan phat hién va dinh luvgng chinh xac do léch
gitta hai pallet x&p chdng nham muc tiéu ty déng héa qua trinh x&p d& hang
héa trong méi truong kho bai. Tac gid dé xuit mét phwong phap tich hop st
dung camera RGB két hop mang hoc sdu YOLOv11 cho nhiém vu phat hién
pallet. Sau d6, bi€n d6i Hough dé trich xuat cac dwdng ranh gidi va diém chinh
clia pallet. D& xac dinh tinh trang x&p thang hang héa, phuong phap tinh
khoang cach Euclid gilra hai canh cung phia cla pallet muc tiéu da dwoc ap
dung. K&t qua thuc nghiém minh chirng khd ndng nhan dang pallet chinh xac
cla hé théng trong trwdng quan sat cla xe nang. Diéu nay cho phép xe nang
diéu chinh tw thé kip thoi dé dwa hang vao dung vi tri, qua d6é ngan ngira rdi
ro d6 hang hda khi x€p chéng cao. Phuong phap nay khdng chi cung cadp mét
gidi phap hiéu qua cho viéc ty ddong hoda cac quy trinh hdu cdn ma con md ra
tiém nang &ng dung I&n, dac biét ddp irng nhu cdu van hanh ty dong va quan
ly théng minh cha cac kho bdi c6 quy mé rong lén.

1. MO PAU

trong nhu d6 v& hang hoa, gay thiét hai ddng ké

Trong bdi canh blung nd cla cudc cach
mang cong nghiép 4.0, ty dong hda kho hang da
tré thanh mot yéu té then chét, mang lai tiém
nang to I&n trong viéc ndng cao hiéu suat, giam
thiéu chi phi vdn hanh va t8i wu héa toan bd
chubi cung t&ng [1]. Tuy nhién, mot trong nhitng
thach thirc hang dau trong qud trinh chuyén d6i
nay la viéc thuc hién cac tic vu xép dd va xép
choéng pallet mét cach chinh xac, dac biét khi yéu
cau cac chdong hang cé dd cao 1én. Thuc té cho
thdy, ngay ca nhitng sai léch vi tri nhd nhat gitra
cac pallet cling ¢ thé dan dén hau qua nghiém
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vé kinh té va tao ra rdi ro mat an toan lao dong.
Cac phuong phap truyén théng, du la dwa vao sy
can thiép thi céng hay str dung cac hé théng cdm
bién don gian, thwong boc 16 nhiéu han ché vé
do tin cay va hiéu qua, dac biét trong moi truong
van hanh doi héi téc do6 cao va ty dong héa hoan
toan cla cac kho hang hién dai. PE gidi quyét
triét dé bai toan nay, thj gidc may tinh néilén nhu
mot cong nghé dot phd, cung cdp mot gidi phap
day hira hen. Kha nang vuot trdi cha thi gidc may
tinh trong viéc nhan dién, phan tich va dién giai
hinh &nh m& ra mét huwdng ti€p can hoan toan
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mai dé giam sat va diéu khién cac tac vu xép
chdng pallet mét cach ty déng va dat d6 chinh
Xac cao. Viéc tich hgp cong nghé nay vao cac hé
théng xe nang tu dong hodc robot cdng nghiép
c6 thé cho phép phat hién va dinh lugng tirc thoi
dd léch gitra cac pallet. Tir d6, hé théng cé thé
dua ra céc tin hiéu diéu chinh kip th&i, ddm bao
rang qua trinh xép choéng dién ra mot cach an
toan, 6n dinh va hiéu qua t6i da.

Nghién clru nay tap trung vao viéc ng
dung thj gidc mdy tinh dé ho tro xép chong pallet
trong van hanh kho hang ty dong. Tac gid dé xuat
mot phuong phap tich hop tién tién, s dung
camera RGB két hop v&i mang hoc sdu YOLOv11
[2, 3] cho nhiém vu phat hién pallet chinh xac.
Tiép theo, bién d6i Hough [4] s& dugc ap dung dé
trich xuat cdc dudng ranh gidi va diém chinh cda
pallet. D& xac dinh tinh trang x&p thang hang,
nghién ctu s&r dung phuong phap tinh khoang
cach Euclid [5] gitta hai canh cung phia cla pallet
muc tiéu. K&t qud thuc nghiém du kién s& minh
chirng kha nang nhan dang pallet chinh xac cla
hé théng trong trudng quan sat cla xe nang.
Diéu nay khong chi gilp xe nang tu dong diéu
chinh tu thé kip thoi dé dwa hang vao dang vij tri,
ma con dong vai tro then chét trong viéc ngan
nglra rdi ro d6 hang hda khi x&p chéng cao.
Phuong phdp dugc dé xuat khéng chi cung cap
mot gidi phap hiéu qua cho viéc ty déng hoa céac
quy trinh hdu can ma con mé ra tiém ndng &ng
dung réng l&n, dac biét dap rng nhu cau véan
hanh ty dong va quan ly thong minh cla cac kho
bai c6 quy mé I1&n trong twong lai.

2. GIAI QUYET VAN DE

So d6 ludng cda phuwong phap dé xuat
duoc minh hoa trong Hinh 1, bao gdbm bdén giai
doan chinh: (1) thu thap va x& ly hinh anh, (2)
nhan dang pallet muc tiéu va xac dinh canh, (3)
trich xuat diém chinh va (4) tinh toan khoang
léch. Dau tién, hinh anh RGB cla pallet duwoc
chup béi camera RGB dat tai vi tri quan sat cla
xe nang. Mang hoc sdu YOLOv11 duwoc ing dung
dé nhan dang pallet tir hinh anh 2D. Tiép theo,
cac dudng thang ranh gidi cta pallet duoc trich
xuat bang Bién d6i Hough. Trung diém cla cac
canh pallet sau d6 duoc s dung dé xac dinh
khodng céch léch gitra hai chéng hang.

2.1. Thu thap va tién x& ly hinh dnh

Sau khi céc k& hang pallet dugc xé€p trén
mat dat, xe nang khdong ngudi 1ai sé nhan nhiém
vu xuc ké pallet muc tiéu va di chuyén dén vj tri
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twong ¢ng duoc thiét 1ap san tai kho dé xép
chdng |én pallet khac.

Thu thap v tién xt Iy anh

l

Tinh khoang léch

Nhan dang pallet muc tiéu

Trich xuat
canh bang
bién doi
Hough

Hinh 1. Téng quan phuong phép xac dinh do
|éch pallet

Ban dau, xe nang can ding tai vi tri quan sat
duogc thé hién rd trong Hinh 2, trong dé D biéu
thi khodng cach theo chiéu doc gitra vi tri quan
sat va duong dirng. Viéc xac dinh gid tri D can
tudn tha cdc diéu kién dé dam bao an toan: (i)
Pallet phai luén nam trong truong nhin cla
camera, ngay ca khi xe ndng hoac pallet dugc xép
léch; (i) Khoang cach pham vi quan sat: Vi tri
quan sat khéng duwoc qua xa vach dirng, bdi do
chinh xac ctia camera giam dang ké khi khodng
cach tidng. Pong thoi, khodng céch nay ciing
khéng duoc qud gan pallet, tranh nguy co mat
théng tin quan trong gdy anh hudng dén qua
trinh nhan dang pallet.

Hinh 2. Minh hoa xe nang st dung dé béc d&
hang hoa

Xe nang khong nguoi lai duoc trang bi camera
RGB dé thu thap hinh anh cla pallet lién tuc
trong thoi gian hoat dong. Tuy nhién, khi trong
maoi trwdng lam viéc, mot s6 hién tuwong anh sang
khong dong déu cé thé xay ra, dé giam thiéu



nhiéu va tap trung vao ddi twong quan tam, cac
ky thuat tién x& ly hinh anh dugc dp dung. Mét
trong nhitng phuong phap phd bién 1a st dung
céc bd loc mién khdng gian tuyén tinh. Cu thé, bé
loc Gaussian [6] si dung ham Gaussian 2D dé
tinh trung binh cé trong sd cac pixel 1an can giup
giam thiéu hién tuwgng rang cua cda anh:
u?+v?

2

e 20

G(u,v) =
2rc?

(1)

Trong d6 u, v 1a toa dd twong déi tir tdm cla hat
nhan, o 1a d6 l1éch chuan diéu chinh mdc do lam
mo anh.

Do 4p dung bién d6i Hough nén céc canh can ¢
mirc dd n6i bat, nghién ciru sir dung bd loc lam
sac nét anh bang toan tlr Laplacian [7] bang st
dung phép tich chap véi cac hat nhan cé kich
thudc 3%3 mé ta béi:

(I =K)(x,y) =%% I(x—u,y—v).K(u,v)

(2)
Trong dé I (x, y) la gia tri cwong do pixel tai vi tri
(x, y) trong &nh dau vao, K(u,v) la gia tri cha phan
tlr tai vi tri (u,v) trong ma tran hat nhan Laplacian
v@i hai ma tran duoc xét dén tuong (ng la cic
l4n can tryc tiép va céc 1an cn chéo mé td nhu
sau:

1 0 11 1
K,=[1 -4 1| K,=[1 -8 1

1 0] 11 1

Cudi cung, mirc d6 do sic nét clia anh I'(x,y)
thu duoc bang cach diéu chinh hé s& dwong k véi
toan tlr Laplacian dugc cho bdi:

1'(x,y) =1(x,y) + k.Laplacian(l(x, y))

(3)

2.2. Nhan dang pallet muc tiéu

Trong cac kho hang tu déng cé nhiéu loai
pallet khac nhau, sy luvu chuyén lién tuc cla
pallet gitta cac kho bai dan d&n mirc d6 hao mon
va bién dang dang ké cla chung va hang hoa
dugc xEp trén nd. Hang hod cé thé bj nghiéng &
gbc dd nhd, bj che khuat mot phan bdi mang boc
nhya hodc chiu anh hudng tir cac diéu kién moi
trudng khac nhau. Trong nhirng tinh hudng nay,
cac phuong phdp xt ly anh truyén théng gap khé
khan trong viéc xt& ly hiéu qua. Nguoc lai, cac
phuong phap phat hién déi twong dua trén hoc
sdu, théng qua viéc trich xuat cic dic trwng qua
mang no-ron da l&p c6 kha ndng phan loai va
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dinh vi muc tiéu, do dé phu hgp hon cho cac tinh
hudng néu trén. Déi vdi xe nang khéng ngudi 14,
viéc t8i wu héa thoi gian suy ludn dé dat dworc két
quad phat hién nhanh chéng |a rat quan trong. Do
dé, nghién ctru ap dung mo hinh YOLOv11 cho
nhiém vu phat hién pallet. YOLOv11 néi bat véi
kha ndng phat hién déi twong theo thoi gian thuc
v@i do chinh xac cao va hiéu qua tinh toan, dat
duwoc sy can bang tét gitra do chinh xac va téc do
x&r ly. Bdng 1 s& mo td kién trdc chinh cua
YOLOv11 duwoc st dung.

Bdng 1. Cac l&p chinh trong kién tric phat hién
vat thé cla YOLO v11
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Hinh 3. CAu truc chi tiét cia YOLO v11 [8]

Pé dadm bao kha nidng &ng dung trong moi
trudng thuc té, dit liéu hudn luyén duoc thu thap
bao gdbm cac pallet va hang hod xép chdng trén
dé trong nhiéu diéu kién khac nhau. Ngoai ra, bd
dit liéu con bao gém céc pallet bj che khuat mét
phan b&i mang boc nhwa & cdc d6 cao khdc nhau
hodc & cac goc nghiéng nho, nhu dwoc minh hoa
trong Hinh 4.



Hinh 4. Mét s6 hinh dnh cac pallet muc tiéu
trong tap huan luyén duwdi cac diéu kién khac
nhau & mot s6 géc nhin khac nhau, cé hang hoa
d3a x&p san trén pallet

BO dit liéu cho nhiém vu phat hién pallet
bao gdbm 1275 anh RGB. Trong d6, 80% dit liéu
dugcdanh dé huan luyén, trong khi 20% dwoc st
dung cho tip xac thuwc ma khéng thiét 1ap tap
ki€ém tra riéng biét. DSi vdi cdc anh RGB ¢ do
phan gidi 640 x 480, kich thudc 16 dwoc dat la 32.
Téc d6 hoc ban dau dwoc dat 13 0,0003 va duoc
diéu chinh ddng trong 100 epoch huan luyén.

alnjoor_joss tralnicls Joss train/efi_Joss metrlcs/prec/slon(3} metricsfecali
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Hinh 5. Két qua theo ddi qud trinh hun luyén
gua trng vong

Tu két qud Hinh 5 cho thay kha nang hoc va téng
quat hda tot cia mé hinh tuwong déi tot. Céac
dudng cong mat mat trén cad tap huan luyén
(train/box_loss, train/cls_loss, train/obj_loss) va
tap xac thuc (val/box_loss, val/cls_loss,
val/obj_loss) déu gidm déu va 6n dinh qua 100
epoch. Ddng thoi, cdc chi sd hiéu suit nhu
precision, recall, mAP50 va mAP50-95 déu ting
nhanh chéng va dat murc cao 8n dinh sau khoang
20-30 epoch. Piéu nay chirng td md hinh cd kha
nang dinh vi va phan loai d6i twong chinh xac va
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dang tin cdy. Mét sd két qua nhan dang duoc
trinh bay tai Hinh 6.

ud kiém thir trén tap dir liéu xac
thuc

2.3. Trich xuat canh st dung bién ddi Hough va

tinh do léch

=

Hinh 7. Két qua do dd léch thyc té khi van hanh

Sau khi pallet dwgc YOLOv11l phat hién, cac
duwong thang ranh gidi cla ching sé dwoc trich
xuat bang Bién d6i Hough. Bién d6i Hough [9] I3
mot k§ thuat manh mé& dé phat hién cac hinh
dang nhat dinh (dudng thang, hinh tron) trong
anh bang cach anh xa cac diém anh tir khéng gian
Descartes sang khong gian tham s6, biéu dién
dudi dang cuc cho bai:
L =XC0S@+ysing
(4)

Trong d6 p 1a khoang cach vudng géc tir goc toa
d6 dén duwong thang va @ 1a géc clia phap tuyén
tir géc toa d6 dén duwong thang. Mbi diém anh (x,
y) trén dudng thang sé& tao thanh mot duong
cong hinh sin trong khong gian tham sé (p,9), va



sy giao nhau cla nhiéu dudng cong nay cho phép
xac dinh cac duwong thang chinh xac trong anh.

Dé dam bdo tinh linh hoat, ddc biét khi pallet cé
thé khong dwoc dit hoan toan nam ngang, dai
ngudng géc da dugc md rong. Dai nguwdng goc

ngang duoc dat la [_30; 3ﬂ] va dai ngudng goc

doc la [_520; 520]. Tl anh RGB, chi nhitng doan
thang ngang dai hon 120 pixel va doan thang doc
dai hon 20 pixel duoc trich xuét.

Sau khi cac duong ranh gidi cha pallet d3 duoc
trich xuat bang Bién d&i Hough, nghién ctru tién
hanh xac dinh cac diém chinh clda pallet. Cu thé,
trung diém cla cac canh pallet s& dwoc tinh toan.
Nhitng trung diém nay sau d6 duoc sir dung dé
xac dinh khoadng cach léch gitra hai chéng hang
bang khodng cach Euclid nhu sau:

d= \/(Xz - X1)2 +(y, - yl)2
(5)
Trong d6 d la d6 léch giira 2 chdong hang (don vi
pixel), (x1, y1) 1a toa dé trung diém canh thir nhat
va (x2, y2) 1a toa dd trung diém canh th hai.
Théng tin nay cung cap théng tin dinh luvgng vé
do léch gilta cadc chéng hang lién tiép cho hé
théng diéu khién xe nang. Mot s6 két qua tinh
toan do léch duwoc mé ta chi tiét trong Hinh 7.

3. KET LUAN

Nghién clru nay da thanh cong trong viéc
xay dwng mot hé théng thi gidc may tinh ho tro
x€p chéng pallet, gidi quyét cac thach thic tw
mdoi truong kho hang thuc té. Sy két hop gilta
khd nang phat hién d6i twgng manh mé cla
YOLOv11, ki thuét trich xuat canh chinh xac cla
Bién ddi Hough va phuong phdp tinh toan do
léch bang coéng thirc Euclid d3 tao nén mot gidi
phap dang tin ciy. Két qua dat dugc cho thay
tiém nang I&n trong viéc nang cao hiéu qud va ty
dong hda hoat dong xép d& pallet, gép phan cai
thién nang sudt va an toan trong cac hé théng
kho hang tu dong hién dai. Hwdng phét trién tiép
theo cé thé bao gbm viéc thir nghiém trong moi
trudng thue té phirc tap hon va tich hop truc tiép
v3i hé théng diéu khién cla xe nang ty dong.
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