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Tém tit

Bai bao nay nghién ciru viéc ap dung thudt toan
A* dé t6i wu héa tuyén dwong nhdt hang trong
hoat dong khai thac kho. Voi sw phat trién cia
nganh logistics va thiong mai dién tir, yéu cau vé
hiéu qua va toc dg trong quan 1y kho hang ngdy
cang cao. Tuy nhién, viéc xdc dinh tuyén dwong
nhdt hang t6i wu trong kho van la mét thdach thire
[6n. Bang cdch dp dung thudt todn A*, nghién ciru
dd tim ra gidi phdp t6i wu héa 16 trinh nhdt hang,
giup giam thoi gian xu ly don hang, chi phi vin
hanh va ting cwong hiéu sudt hoat dong ciia kho.
Két qua cho thdy vmg dung ndy da cdi thién qud
trinh nhdt hang, giam thiéu tinh trang tdc nghén
va ndng cao hiéu sudt lam hang.

Tur khoa: T6i wu tuyén dwong, hoat déng nht
hang, thudt toan A*.

Abstract

This paper studies the application of the A*
algorithm to optimize the order-picking routes
warehouse operation. With the growth of the
logistics and e-commerce sectors, the demands for
efficiency and speed in warehouse management
are becoming increasingly higher. However,
identifying the optimal order-picking routes in
warehouse remains a significant challenge. By
applying the A* algorithm, this research has found
a solution to optimize the picking routes, reducing
order processing time, operational costs, and
enhancing warehouse performance. The results
show that this application has improved the order-
picking process, minimized congestion, and
increased operational efficiency.

Keywords: Route optimization, order picking, A*
algorithm.

1. Pit van dé

V6i sy phat trién nhanh chong cua nganh logistics
va thuwong mai dién tu, yéu ciu vé hiéu qua va tbc do

trong quan ly kho hang ngay cang tré nén quan trong
[1]. Tai Viét Nam, cac doanh nghiép logistics dang dbi
dién v6i nhiéu thach thire 16n trong viée nang cao hiéu
sudt hoat dong kho hang nhim déap tng nhu ciu ngay
cang tang cua thi trudong. Hién tai, hi€u qua hoat dong
ctia cac kho hang van con nhiéu han ché, chu yéu do
trinh d6 quan 1y chua cao va thiéu thong tin vé cac
bién phép hd trg nang cao hiéu qua kho hang [2]. Mot
trong nhimg van d& nan giai trong quéan 1y kho hang 1a
t6i wu hoa tuyén duong nhit hang, mot yéu t6 quan
trong anh huong tryc tiép dén thoi gian xir Iy don hang,
chi phi van hanh va muc d¢ hai long cua khach hang
[3].

Trong hoat dong khai thac kho hang, viéc nhat
hang 13 mot quy trinh quan trong, chiém phan 16n
trong tong chi phi van hanh kho [4]. Do d6, hoat dong
nay doi hoi sy t6i wu hoa cao dé dam bao hiéu qua va
tiét kiém chi phi. Tuy nhién, viéc x4ac dinh tuyén
duong nhat hang t6i wu trong mot khong gian kho
hang 16n va phtc tap 13 mot bai toan khong hé don
gian. Nghién ctru ndy nham tim ra giai phap t6i uu
tuyén duong nhit hang trong kho théng qua viéc tmg
dung thuat toan A*. Tir d6 giup giam thiéu thoi gian
va chi phi cho hoat dong nhit hang, ddng thoi nang
cao hiéu suit hoat dong khai thac kho.

2. Téng quan nghién ctru

Thuét toan A* 1a mdt trong nhiing thuat toan tim
kiém t6i wu dugc ing dung rong rdi trong nhiéu linh
vuc nho kha ning tim ra dudng di ngan nhét vai chi phi
thdp nhat va str dung bo nhé hiéu qua hon so vdi cic
thuat toan nhu BFS va DFS. Piac diém ndi bat nay da
gitp thuat toan A* dugc trién khai thanh cong trong
nhiéu méi truong va thiét bi khac nhau, tir robot kho
hang dén cac thiét bi tw van hanh trong khong gian 1am
viée 16n. Trong bbi canh tbi wu hoa tuyén duong nhit
hang, thuat toan A* da dwoc 4p dung dé quy hoach
duong di cho robot trong kho hang. Nghién ctru cua
Duchon va cong su da dé cap dén viéc lap ké hoach
duodng di cho robot di dong dya trén ban do ludi, véi
cac cai tién nham t6i wu hoa thoi gian tinh toan va
quing dudng di chuyén. Piéu nay dic biét hitu ich
trong cac méi trudng kho hang phuc tap, noi viée ti
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uu héa quang dudng di chuyén co thé dan dén cai thién
dang ké vé hiéu suat hoat dong. [5]. Ngoai ra, nghién
ctru cua Erke va cong sy da Kkhéc phuc céac han ché cua
thuat todn A* truyén thong, nham nang cao kha ning
tranh chudng ngai vat va giam thoi gian tinh toan cho
cac phuorng tién tuw van hanh trén dudng bo [6]. Nhﬁ’ng
cai tién nay ¢6 thé duoc ap dung tryuc tiép vao viée t01
uu hoa tuyén duong nhit hang trong kho, noi cac yéu
t6 nhu chudng ngai vat va yéu cau vé hiéu suat tinh toan
1a rit quan trong. Ngoai ra, thudt toan A* hinh hoc ciing
dugc ung dung thanh cdng trong nghién ctru cia nhom
tac gia Gang Tang d6i véi xe tw hanh AGV. Nghién ctru
ndy da giai quyét cac vin dé phat sinh trong qua trinh
di chuyén nhu yéu ciu vé khoang cach, goc quay, va
kha ning di chuyén trén dudng chéo. Két qua thir
nghiém cho thay thuét toan A* hinh hoc d4 gitip cac xe
AGYV giam 25% gbc quay va 25,5% tong quing duong
di chuyén so véi bay thuat toan khac [7]. Cudi cing,
nghién ctru ciia nhom Martins da cai tién thuat toan A*,
giup giam hon 90% thoi gian xur Iy thudt toan va giam
83,45% s6 luong diém dén ngau nhién trong hoat dong
lap ké hoach tuyén duong cho robot di dong trong
khong gian 1am viéc 16n [8]. Nhiing cai tién nay co thé
duoc ap dung dé tang téc qua trinh ti wru hoa tuyén
duong nhat hang trong kho hang, gitip nang cao hiéu
suét va giam thiéu chi phi van hanh.
3. Ung dung thuit toin A* nhim tdi uvu tuyén
dwong nhat hang tai kho VDC Duyén hai

Thuat toan A* 12 mot thuat toan tim kiém heuristic
duoc sir dung dé tim duong di ngén nhét trong mot dd
thi. Dé ap dung thuat toan nay cho viéc ti wu tuyén
duong nhat hang trong kho, ham muc tiéu (ham chi phi)
va ham diéu kién (ham heuristic) can duoc xac dinh 13 .
Tuy nhién, cc xe nang c¢6 thé bi trung 1ap 16 trinh, dan
dén viéc phai chd doi trong qua trinh 14y hang. Do do,
thuat toan can dugc phat trién dé giam thiéu tinh trang
tac nghén trong hoat dong khai thac kho.
3.1. Thiét lgp bai todn

Thuat todn A* (A-star) 1a mot thuat toan tim kiém

dudng di ngin nhét rat phd bién, st dung trong cac bai
toan dinh tuyén, 1ap ké hoach di chuyén. A* hoat dong
trén co s& 1y thuyét d6 thi, trong d6 mdi diém trén ban
dd hodc ludi duge biéu dién nhu mot nut (node), va
céc canh (edges) giita cac nit biéu dién con duong
giita cac diém do. Muc tiéu 1a im duong di ngén nhét
tir nat bat dau (start) dén nut dich (goal), théng qua
viéc danh gia chi phi di chuyén giita cac niit. Do do,
kho hang thé dwoc mé hinh hoa nhu mét ludi 6 vudng
va ham muc tiéu dugc xa dinh nhu sau:

SO 80 (11-2024)

KINH TE - XA HOI

Piém bat dau: Vi tri hién tai cua nhan vién nhit
hang.

Piém dich: Vi tri cia cac mat hang can nhit.

Ham muc tiéu:

Min [f(x)=g(x)+h(x)]
Trong do:

f(x) 1a tong khoang cach can phai di chuyén dé lay
tAt ca mat hang;

g(x) 1a tong khoang cach da di chuyén tir diém bt
dau dén vi tri hién tai x;

h(x) 1a khoang cach Manhattan dugc tinh theo
cong thire sau: h(X)=IXcurrent—Xgoal |t 1Y current—Y goal |

Budc 1: Khoi tao hé thong

Dir liéu dau vao: Ban dd kho hang, bao gém céac
vi tri ké hang, 18i di, diém bat dau va diém két thic
cho mdi xe nang.

Thiét 1ap: CAu hinh ban dau cho timg xe nang, bao
gdm vi tri hién tai va vi tri hang hoa can nhat.

Buwéc 2: Lwra chon vi tri va khéi dong qua trinh
tim kiém

Lua chon vi tri hang héa cin nhit: Mdi xe nang
s& thuc hién thao tac lua chon vi tri can di nhat hang
trén ung dung di dong.

Ul tién xe chon truéce: Xe nang ndo chon vi tri
trude s& co quyén uu tién tim dudng trude.

Budc 3: Ap dung thuit toan A* cho xe diu tién

Thiét 1ap ham chi phi: Tinh toan ham chi phi cho
xe dau tién béng cach st dung thuat toan A*, nham
tim ra duong di ngén nhét tir vi tri hién tai dén vi tri
hang héa can nhit.

Panh diu dwong di: Sau khi xac dinh duogc
duong di ngan nhat, danh dau 16 trinh nay dé tranh cac
xe khac trung lap.

Budc 4: Ap dung thuat toan A* cho cac xe con lai

Cap nhit ban d6: Di voi mdi xe tiép theo, cap
nhat ban dd kho hang dé loai bo hodc giam trong )
cac doan duong da dugc xe trudc do sir dung.

Tim dwong tdi wu: Ap dung lai thuat toan A* dé
tim ra duong di toi wu khéc, dya trén co sé tranh tring
1dp véi 19 trinh cia cac xe trudc.

Lip lai: Thyc hién qua trinh nay cho tat ca cac xe
nang, dam bao khong co hai xe nao trung 16 trinh.

Budc 5: Giam sat va diéu chinh

Giam sat thoi gian thwe: Hién thi 16 trinh cua tit
ca cac xe trén man hinh may tinh dé ngudi quan 1y kho
c6 thé theo ddi va diéu chinh khi can thiét.

Diéu chinh linh hoat: Néu phat hién tinh trang tic
nghén hodc can thay d6i 10 trinh, ngudi quan 1y ¢6 thé
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cap nhat va diéu chinh théng qua phan mém.

Buwéc 6: Hoan thanh va danh gia

Hoan thanh qua trinh nhit hang: Khi tit ca cac
xe hoan thanh nhiém vy nhat hang, h¢ théng s€ téng
két lai thoi gian va hi¢u sut.

Panh gia va cai tién: Danh gia hiéu qua cia thuat
toan va diéu chinh cho c4c 1an hoat dong sau nham tdi
uu hoa hon nita quy trinh nhat hang trong kho.

3.2. Minh hoa két qua thir nghiém thudt todn
tai kho VDC Duyén hdi

Kho hang VDC Duyén hai, v6i dién tich 6000m?,
1a mot trong nhitng kho hang 16n tai khu vyc mién
duyén hai Viét Nam. Hién tai, kho hang nay dang gap
phai nhiéu khé khin trong viéc t6i uu héa quy trinh
nhit hang, din dén tinh trang tré don hang tir 10-15%.
Thoi gian lam hang kéo dai va chi phi van hanh cao 1a
nhitng van dé can dugc giai quyét. Kho hang chu yéu
hoat dong theo mé hinh truyén théng, it ¢6 su twong
tac giita cac khau va dé xay ra hao hut hang héa. Do
d6, nhoém tac gia lya chon kho hang VDC dé thir
nghiém hidu qua ma thuét toan c6 thé mang lai trong
hoat dong khai thac kho.

Phan mém méy tinh két ndi v6i ing dung trén dién
thoai gitip nguoi quan 1y kho theo déi tinh hinh va so
db di chuyén cta cac xe nang. Cac thiét bi nay can két
ndi cung mot mang wifi dé cap nhat lich str va 19 trinh.
Khi mét thiét bi di dong chon vi tri can di, 16 trinh s&
hién thi khong chi trén thiét bi d6 ma con trén man
hinh may tinh.
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Hinh 1. So' dé kho VDC trén dign thogi vi gi y tuyén
dwong cho nhan vién nhat hang
Gia str nhan vién can nhit nhiéu mit hang tai nhiéu
vi tri khac nhau cho mot don hang. Sau khi nhan don
hang, nhan vién sé dang nhap vao Ung dung trén dién
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thoai. So d6 kho VDC s& xut hién, sau d6 nhan vién
nhit hang chon vi tri twong tmg véi cac mat hang can
nhit véi diém dich 12 khu vuc xuat hang. Tir d6, tmg
dung s& dua ra goi ¥ tuyén duong ngin nhat. Ngoai ra,
ung dung ciing duoc tich hgp voi thong tin hang hoa
trong kho. Do d6, néu nhan vién nhat hang chwa xac
dinh dugc vi tri ciia hang thi c6 thé g tén mit hang
dé tim kiém vi tri. Con dudng ngan nhat trong truong
hop nay la tuong ddi, phu thudc vao thir ty chon vi tri
cua cac xe. Khi 2 xe cung xuét phat, xe nao chon 1§
trinh trude s& c6 con duong ngin nhat, con xe sau s&
phai chon con duong tdi wu khac dé tranh trung 16
trinh, giam tinh trang cho doi va tic nghén.

Hinh 2. Giao di¢n so dé kho VDC trén mdy tinh
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Hinh 3. Bin dé dwong di ciia cdc xe
Khi cac nhan vién lya chon vi tri nhat hang, 16
trinh di chuyén ciia ho s& hién thi trén man hinh may
tinh, cho phép ngudi quan Iy dé dang theo dai va giam
sat hoat dong.

4. Két qua va thio luin

Két qua nghién ctru cho thiy img dung da giup tdi
uu héa 19 trinh di chuyén ciia nhidu xe nang hoat dong
dong thoi, giam thiéu tinh trang 4ch tic va tir d6 giam
thoi gian cho doi va thoi gian di chuyén cua xe. Trude
khi st dung ng dung, cac xe nang co thé bi trung lap
16 trinh, dan dén viéc phai cho doi trong qua trinh 1dy
hang, voi mdi 1an di chuyén mat tir 15-20 phut. Sau
khi trién khai tmg dung, thoi gian di chuyén lay hang
da dugc rit ngin dang ké, chi con tir 10-13 phat mdi
lan. Két qua nay khong chi gitip nang cao ning suét
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va hiéu suét hoat dong cuia kho hang ma con rut ngén
thoi gian cho doi cua khach hang, tang cuong su tin
cay va canh tranh cua kho hang trén thi truong.

5. Két luan

Nghién ctru di chimg minh ring viéc ap dung
thuat toan A* trong quan ly kho hang mang lai nhiéu
loi ich rd rét, bao gdm giam thiéu tinh trang tic nghén,
nang cao hiéu qua hoat dong va giam chi phi. Nhitng
két qua nay khong chi gitp cai thién hiéu suat cua kho
VDC Duyén Hai ma con mé ra hudng di mdi trong
viée ap dung cac thuét toan tdi wu hoa trong quan 1y
kho hang tai Viét Nam. Tuy nhién, do thoi gian va chi
phi c6 han nén nghién ctru trén mai chi ap dung thuat
toan A* mot cach don gian. Pé cai thién hiéu qua tdi
wu tuyén dudng nhat hang trong kho, thuét toan A*
can duoc cai tién, va két hop véi céac thudt toan khac
nhu Dijkstra, Greedy Best-First Search (GBFS), hoac
cac thudt toan metaheuristic nhu Genetic Algorithms
hodc Simulated Annealing, trong viéc xac dinh tuyén
dudng tbi wu cho hoat dong nhat hang trong kho.
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