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TOM TAT

Bai bdo nay mé ta vé hé thong tir déng luu kho, xudt nhdp ciing nhie quan Iy hang hod theo
thoi gian thwe sik dung hé thong diéu khién cé gidm sdt tai nha kho va gidm sat bang may tinh. Bai
bdo trinh bay vé chwong trinh diéu khién chinh ciia hé thong, phan xir 1y hinh anh dé cé thé téi wu
hod cho hé thong, givip phdn loai hang nhdp vao kho theo kich thuée, ma OR code trén san pham
va xdc dinh vi tri ciia san pham dé robot cé thé thao tdc gdp vat. Cdc théng sé va dir liéu théng tin

vé qud trinh lwu kho, xudt nhdp hang dwoc hién thi trén giao dién nguoi ding.

Tir khoa: Hé thong luu kho va xudt kho tw ddng; Xir Iy danh; Hé thong phdn cimg va phan

mém kho hang.
ABSTRACT

This article describes an automatic system in warehousing, importing and exporting as well
as managing goods in real time by a supervised control system at the warehouse and with computer
monitoring. The article presents the main control program of the system, the image processing part
to be able to optimize the system, to help classify the goods entering the warehouse by size, the OR
code on the product, and to identify the position of the product so that the robot can manipulate
the object. Data and information about the process of storing, importing and exporting goods are

displayed on the user interface.

Keywords: Automated storage and retrieval system; Image processing;, Warehouse

hardware and software system.
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1. TONG QUAN

Luu kho va bao quan san pham 1a phan
khong thé thiéu trong qua trinh san xuét va phan
phdi. Quy mé san xuét cong nghiép ngay cang
16n, sy gia ting san xudt va nhu cau thi truong
16n nén doi hoi vé sy toi vu cua kho hang vé
khong gian luu trit, tbc d6 nhanh khi iy san
pham, ding loai san phim quan 1y lugng hang
Xuét, nhap tranh tdn kho va kiém soat duogc
luong hang hoa trong kho. Hé théng luu kho
tu dong (Automated storage Retrieve System -
ASRS) 1a cac giai phap tu dong cho cac hé lay
hang. Quy trinh luru kho dugre tich hop sin hoic
cung cép truc tiép cho cac hé thdng, cong doan
tiép theo hodc xuit kho dé chuyén dén cho
khach hang. ASRS 1a m6t phan khong thé thiéu
cua hé léy hang tao ra strc chtra d¢ém cua nha
kho. Pham vi clia cac giai phap t6i wu nha kho
1a rat 16n, mdi phan déu c6 thé duoc cai thién
hiéu qua vé toc do ciing nhu 1a hiéu qua. Do
d6, t6i uu bang hé théng ASRS gitp giam dién
tich luu trir, tdng tde do truy Xut, tu dong hoa
quan ly gidm sat. Nam 2021, tac gid Guoqing
Zhang va cong sy [1] da dua ra hé thong tich
hop dé giai quyét van dé luu trir. Nghién ctu
d6 da ung dung trong cong ty thuc pham véi
giai thuat kinh nghiém duoc ap dung, két qua
t6i uu giam déng ké chi phi (giam duoc 16,84%
so voi trude 1a 9,95%) va tang khong gian luu
trr (tang 1€n 26,1 so voi trudce 1a 14,8%). Tac
gia Jacek S Tutak [2] da cai tién vé tinh mé dun
hoa cuia kho hang gitip dé dang thich nghi véi
cac khong gian va thé tich thay doi tuy nha kho
ctia mdi cong ty khac nhau. Konrad Lewczuk
[3] trinh bay vé d9 tin cdy ctia hé thong 13 kha
ning hoat dong theo yéu cau va kha ning duy
tri va hd tro duy tri cia nha kho dung phuong
phéap danh gia OTIFOF.

Bai bao nay tdp trung nghién ctu cai
tién v€ ing dung cua xu ly anh vao hé thong

kho hang tu dong. Hé thong sir dung Python va
thu vién OpenCV dé xtr 1y hinh anh, nhan dang
mi hoa va giai ma QR code 1y dir liéu vé san
phém. Kich thudc va do 1éch cua san phém SO
vo6i hé toa do géc duogc xac dinh va dugc gui
ti cho robot xir 1y thao tac. Chuong trinh diéu
khién cuia hé thdng quan 1y hang xuit nhap vao
kho va luu lich str qua trinh van hanh ctia nha
kho.

2. HE THONG LUU KHO UNG DUNG XU
LY ANH

2.1. H¢ théng diéu khién

Bo mach diéu khién cta hé thong su
dung chip Arduino Mega 2560. Tin hiéu dau
vao 1 c4c tin hiéu tir cam bién quang giup nhan
biét hang trén gia va cac tin hi¢u tir cong tac
hanh trinh. Tin hiéu dau ra 13 cac xung dé diéu
khién dong co theo phan hdi vong kin. Khi
mach diéu khién nhan duoc tin hiéu 6 hang can
lay tir giao dién ngudi dung, robot thuc hién
gdp vat theo so d6 thudt toan nhu Hinh 1.
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Hinh 1. So d6 thudt todn diéu khién robot gap vit.

2.2. Hé théng xir 1y anh

Thuat toan tao ma QR code [4] gom 7
budc (Hinh 2): Budc 1 chon kiéu dir li¢u ma
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hoa. Budc 2 ma hoa code theo mutrc d6 sura 16i
L/M/Q/H véi thuat toan Reed Solomon. Budc
3 doc kiém tra thu phat hién 16i ciia ma code da
tao. Budc 4 sap xép cac khdi theo th ty thich
hogp. Bude 5 dit cic miu chirc ning (finder
pattern, timing pattern, alignment pattern...)
vao khu vue cu thé. Budc 6 tao mit na cho dit
liéu sinh ra 8 ma QR code dé chon mot ma code
t6i uru nhat cho may quét giai ma. Budc 7 thém
cac dinh dang, phién ban vao phén tréng con lai
cua ma code.

| Phin tich dif iéu [— M hod dir ligu [—| Gidima16i |—{ Cdu tric dir tigu |

Dinh dang va phién Xir Iy mt na dir Tiéu chuin hod cic
ban dir liéu ligu khdi trong ma trin

Hinh 2. Qua trinh tao ma QR code.

Thuat toan giai ma QR code (Hinh 3):
Lay anh tir camera va voi bd may quét da ciu
hinh sau d6 truyén anh mi code vao may quét
dé in ra dit liéu da giai ma.

T_i“ I'ié'_l Léy anh tir
diéu khién camera

Giai md QR Tach hinh

anh mi QR

Hinh 3. Qua trinh giai ma QR code.

Chuy én anh Cau hinh b§
xim quét

DE c6 thé do dugc kich thude va d¢ léch
clia vat, dau tién can phai hiéu chinh camera.
Céc thong sb gdm noi thong sb, ngoai thong sd
va hé s bién dang. Thong thuong, camera s&
c6 hai loai bién dang 1a bién dang xuyén tam
(xuyén tim am/duong) va bién dang tiép tuyén
[5]. Hiéu chinh camera giup tir hinh anh dau
vao c6 thé xac dinh chinh xac nhat cac thong sb
kich thudc va do léch caa san pham.

Thuat todn xtr ly anh nhan dang va do
kich thudc vat thé su dung vat tham chiéu da
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biét trude kich thudc trong anh dé tinh ra hé
s0 c6 don vi mm/pixel. Cac budc cua qua trinh
nay dugc thé hién trong Hinh 4.

Anh nguin —— Chuyén dnhxim ——  Lammindnh | ——=  Bhit hién cgnh

l

Déng cic khadng
tréng gilra cic canh

l

Hién thi Vi dutrng vidin Loc nhumg ving |, Tim vién bao quanh
Kich thude bao vit thé nhigu vit thé

Hinh 4. Qua trinh xdc dinh kich thuoc va vi tri
cua vat.

Giai doan 1 tién xur ly anh, liy anh tur
camera chuyén d6i anh xam dé téi wu trong
viéc tinh toan xr 1y, 1am min anh bang phuong
phap Gaussian Blur, phat hién canh véi Canny,
dong cac khoang tréng va loc nhidu cho cac
canh bang Dilate va Erode. Giai doan 2 - phan
doan ddi tuong la tim vién bao quanh vat thé,
loc nhirng diém cuc cua hinh anh, tra vé 4 diém
cua vat nhan dang duoc, chuyén doi phéi canh
vé goc nhin thang, tirc 13 tir 4 diém tim duogc
s& tinh toan mot phép bién d6i phdi canh tra
vé ma trin M kich thudce 3x3. Bién ddi hinh
anh nguén v6i ma trdn M dugc chi dinh ¢ trén
s& thu dugc anh dau ra theo cong thirc v6i mdi
diém anh (x, y).

11Xt My + My; Myyx+ Myt Mg

dst(x, ¥) = src (M

»
Mgyx+ Mgpy + Mgy Mgy x+t Mg y+ Mg

) (1)

Giai doan 3 1iy duong vién tir d6i tuong
tham chiéu dé tinh ra hé s6 ti 16 mm/pixel. Giai
doan 4 xac dinh s6 pixel ciia duong bao vat
mubn do va tinh toan sang mm hién thi kich
thude 1én anh.

Thuat toan xac dinh do Iéch goc va tam

cua vat so voi goc anh dugc bi€u dién trong
Hinh 5.
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Endcontour | appronPolyDP détimede | | Chon duimg bao VE dutmg bao quanh
diém gid han ciia dusting bao o 4 diém hinh
£tk 1 . Chan canh chidu dii hon Sip uip dim theo
h - | Gonea -
Hién thi goc Ién anh Tinh goc theo dinh Iy cosin Ism i huimg gbc thirty

Hinh 5. Quy trinh xac dinh do léch goc va tam cua
vdt so voi goc anh.

O

»

Y ¢
Hinh 6. Mo ta do léch cua vat trong hé truc
toa do Oxy.

Tim vién bao quanh vat thé va tim dbi
tugng c6 4 diém gi6i han 1 dudng bao cua vat
thé. Véi 4 diém co toa do trong khong gian, ap
dung dinh 1y Cosin tinh dugc goc Iéch 6 (Hinh
6). Trong tam G duogc xéac dinh su dung ham
moments cua thu vién OpenCV [6]. Moments
biéu thi sy phan bd cua vat chat vé mot diém
hodc mét truc tham sb truyén vao moments
xtr 1y 12 mot mang cac diém 2D. Piu ra toa do
trong tdm G(X, y) cia duong bao la:

x = Moments["m10"] / Moments["m00"]
y = Moments["m01"] / Moments["m00"] (2)

2.3. Truyén thong dik liéu
Chuong trinh sir dung python dé xir 1y

hinh anh dua ra dugc nhitng két qua bao gom:
ma QR code, gia tri chi€u rdng va cao cua hop,

d6 1éch cua hop hang. Chuong trinh diéu khién
chinh cua hé théng két ndi v6i Arduino MEGA
str dung C# diéu khién, do d6 can mot giao tiép
dé C# co thé truyén thong giao tiép lay dit lidu
tor Python. Giao dién 14p trinh Umg dung mang
socket dugc st dung dé truyén va nhan dir
lidu. Giao tiép nay 14 hai chiéu thong qua IP va
Port. Chuong trinh chinh C# s€ 1a may chu va
chuong trinh Vision Python la may khach, giao
thirc str dung la TCP/IP.

3. KET QUA VA THAO LUAN

Hé thong 14y, tra hang theo so dd thuat
toan truyén thong tin hiéu diéu khién tir C#
t6i chip Arduino MEGA dé diéu khién r6 bt
thao tac theo yéu cau. Pa xdy dung dugc bod
ma hoa QR code, tur dit liéu dau vao sé tao ra
duoc mot ma code QR code tuong ing. HE gidi
ma c6 kha ning gidi mi code twong ddi t6t véi
webcam 720p khoang cach 400mm (Hinh 7).

Hinh 7. Bo giai ma QR.

Thir nghiém véi vat thé béat ky, kich
thudc va dién tich cua vat do duoc véi sai sd
s0 v6i thuc té khoang 1% ~ 4%. Két qua nay c6
thé ing dung kha tdt trong hé thdng kho hang.
Hinh 8 thé hién két qua do kich thudc ctia mot
vét phang.
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Hinh 8. Két qua do kich thuée.

Két qua do goc I¢ch cua vat so voi hé
toa do géc. D¢ chinh xé4c ctua géc do dugc so
v6i thue nghiém khoang 2% ~ 3%. Hinh 9 biéu
din két qua do do léch ctia mot vat mau.

Hinh 9. Két qua do dg léch géc va tam.
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Céc hé xu ly anh trén dugc tich hop
chung vao chuong trinh Vision Python (Hinh
10): Chuong trinh gdm két ndi camera va dir
liéu tra vé ctia hang sau khi xtr Iy nhu ma QR
code, d6 1éch x, y, 6 sau do guri qua socket TCP/
IP duoc thiét 1ap dén chuong trinh chinh.

| WAREHOUSE SYSTEM
AUTO SETTINGS
- |
CAMERA —

Hinh 10. Chwong trinh Vision Python.

Sau khi nhan dir liéu tir hé théng thi
giac, chuwong trinh chinh (Hinh 11) diéu khién
6 bot nhdp hang vao kho, dir liéu dugc luu
trong phén lich sir xuit, nhép sau do6. Chuong
trinh chinh két n6i v6i Arduino théng qua cong
COM v6i chuan két néi UART, két ndi véi
chuong trinh Vision qua socket voi IP va Port
clia may chu cau hinh.

WAREHOUSE SYSTEM
T e Trm—
. - | DATA WAREHOUSE |wrmmons _
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Hinh 11. Chuong trinh chinh Window Forms.

4. KET LUAN

Nghién ctru d3 dat két qua 1a thiét ké
dugc mo hinh hé thong c6 tinh thuc te va dat &~
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hiéu qua trong viéc phan loai, nhdp hang vao
kho ciing nhu iy cac hang tir trong kho cung
cép cho cong doan sau va luu trit lich sir xuat,
nhap. Hé thong gitp viéc sap xép nhanh gon co
tinh tw dong hoa cao c6 thé Gmg dung vio trong
cong nghiép. H¢ xtr Iy dnh ma hoa va giai ma
QR code gitup cho viéc quan ly hang trong kho
dé dang hon. Po kich thude vat thé c6 y nghia
trong viéc phan loai tir kich thudc s€ dua hang
vao 6 luu trir voi khong gian phu hop gitp toi
uu khong gian cua nha kho. Xt Iy do d¢ léch
ctia vat thé co ¥ nghia 1on dé dinh huéng ro
bdt gidp hang ning cao tinh ty dong hoa cho hé
thong tranh roi va dit 1éch hang trén gia, giam
kha nang gay ra nhiing rui ro hu hong.

Loi cam on:
Tac gia xin cam on Truong Co khi, Pai

hoc Béach khoa Ha Noi d3 hd tro thoi gian va co
sO vat chat cho nghién ctru nay. %
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