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TOM TAT

Bai todn can bang day chuyén may cong nghiép la mot bai toan phttc tap, chiu anh
hudng boi nhiéu rang budc nhu chu ky san xuét, s6 tram lam viéc, th ty cdng doan
va may moc. Day 1a bai toan 16n, thudc 16p NP-hard, khién viéc tim nghiém chinh
xac trong thoi gian hop ly la khong kha thi. Nghién ctru nay dé xudt thuat toan lai
BFD-ACO-LS, két hop gitra Best-Fit Decreasing (BFD) dé khoi tao nghiém kha thi,
Ant Colony Optimization (ACO) d€ tim kiém toan cuc va Local Search (LS) trong
giai doan t6i wu cuc bo. Thuc nghiém trén day chuyén may véi 90 cong doan cho
thay s6 tram gidm tir 26 tram xudng con 22 tram, hiéu suét can bang ting tir 55,55%
1én trén 90%. Két qua nay khang dinh tinh hiéu qua va kha nang ting dung ctia thuat
toan lai BFED-ACO-LS trong t6i wu hda day chuyén may cong nghiép.

Tt khoa: can béng day chuyén, thuat todn dan kién, thuét todn lai, toi wu hoa.
I. MO PAU

Theo tong cuc Hai quan Viét Nam, nam 2024 kim ngach xuat khau dét may dat
44,44 ty USD, tang 10,3% so vdi cung ky ndm 2023. Hién nay Viét Nam c6 hon 7.000 cong
ty thudc nganh dét may st dung khoang 3 triéu lao dong. Diéu nay cho thdy nganh may
mdc git vai tro quan trong trong co cdu kinh t& Viét Nam khong chi vé méat xudt khau
ma con ¢ khia canh tao viéc lam cho ngwoi lao dong. Trong boi canh dat nuwde hoi nhap
ngay cang sau rong voi thé gidi, thi truong ngay cang khat khe, canh tranh gay gat gitta
cac nudc xuat khiu, cdc doanh nghiép dét may can phai khong ngiing nang cao ning
suat va hiéu qua san xuat. Mot trong nhitng yéu t6 then chdt quyét dinh dén nang suat
1a mttc d can bang gitra cac tram ctia day chuyén trong qua trinh san xuat.

Trong san xudt may cong nghiép, qua trinh hoan thién mét san pham dwoc chia
thanh nhiéu cong doan ndi tiép nhau [1]. Mbi cong doan duoc ba tri tai mot tram, voi s6
liong cong nhan va may mdc phii hop. Viée phan chia cong doan khong hop 1y sé& dan
dén mot s8 tram co thé bi qud tai trong khi cac tram khac nhan rdi, gay lang phi thoi gian
va ngudn liee, 1am giam hiéu suat chung ctia day chuyén. O nhiéu nwdc phat trién, viéc
can bang day chuyén da duoc hd trg boi phan mém va cac thuat toan ti wu. Tuy nhién
tai Viét Nam, viéc nay van chu yéu dua vao kinh nghiém ctia nguoi quan 1y, cach lam
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nay chi phu hop véi day chuyén nhé nhung kém hiéu qua khi s6 cong doan 16n va rang
budc phtic tap.

Bai todn can bang day chuyén san xuét (Assembly Line Balancing — ALB) la mot
van dé quan trong trong t6i vu hda qua trinh san xudt, hudng téi viéc phan bd hop ly
cac cong doan vao cac tram dé dat duoc nang sudt cao nhat, giam s6 lwgng tram hodc
rat ngan thoi gian chu ky, dong thoi van tuan tht cac rang budc vé thit te thao tac, may
moc va nhan cong. Theo Mastor [2], ALB gom hai dang co ban: SALBP-1, véi chu ky san
xuat dugc xac dinh trede va muc tiéu la toi thiéu s6 tram va SALBP-2, v6i sO tram cd
dinh va muc tiéu la rat ngén chu ky san xuét. Bai toan ALB thudc nhém NP-hard [3],
viéc tim nghiém t&i wu bang phuong phap chinh xac thwong khong kha thi, nén hau hét
cac nghién cttu tap trung vao cac thuat toan gan dung.

Cac nghién ctu ban dau cha yéu dua trén heuristic truyén thong, tiéu biéu la
phuwong phdp Ranked Positional Weight (RPW) cta Helgeson va Birnie (1961) [4]
phuong phép nay sap xép cong doan theo trong s& vi tri d& phan cong vao cac tram va
duoc ap dung thanh cong trong nhiéu moi trueong san xuat, trong d6 ¢ nganh may mac
[1]. Tuy nhién, cac phwong phap heuristic truyén théng chi phu hop véi nhitng day
chuyén don gian va it rang budc. Khi day chuyén c6 nhiéu loai mdy, thoi gian thao tac
thay ddi hodc yéu cau da dang vé cong nhan, phwong phap heuristic thwong cho nghiém
cuc bo va thiéu tinh linh hoat.

Dé khac phuc cac han ché nay, cac nghién cttu gan day tap trung vao nhém
metaheuristic nhu Genetic Algorithm (GA), Simulated Annealing (SA), Tabu Search
(TS), Particle Swarm Optimization (PSO) va Ant Colony Optimization (ACO). Nhiing
thuat toan nay duoc tiing dung rong rai cho cac bién thé ctia ALB. GA thé hién kha nang
xt ly bai toan da muc tiéu va cho két qua hoi tu tot [5], trong khi SA va TS gitp cai thién
dd on dinh va tranh roi vao nghiém cuc b [6], [7]. Cac nghién ctru tng dung PSO [8] va
ACO [9] cling chitng minh hiéu qua cao trong viéc giam do léch tai va thoi gian nhan roi
gitta cac tram. Tuy vay, metaheuristic thuan tay thwong mat thoi gian hoi tu 16n va phu
thudc nhiéu vao cach khéi tao nghiém ban dau.

Tt thuc t€ d6, xu hudng hién nay 1a st dung cac thuat toan lai két hop vwu diém
cua nhiéu chién lugc t8i wu trong cung mét md hinh d€ nang cao chat lwong nghiém.
Gongalves & Almeida (2002) [10] la nhitng nguoi tién phong khi phat trién thuat toan di
truyén lai két hop quy tac wu tién heuristic, bi€u dién “random keys” va tim kiém cuc
b6 (Local Search — LS) d€ cai thién tc d6 hoi tu cho bai toan SALBP-1. Alvarez-Miranda
et al. (2021) [11] cing phat trién mot md hinh GA lai véi Bounded Dynamic
Programming (GA-BDP) cho SALBP-2, trong d6 mdi c4 thé dugc danh gia bang mot quy
hoach ddng c6 rang budc, gitp tang do chinh xac trong viéc chon loc va dat dwoc nhiéu
nghiém t6i wu mai trén bd di liéu chuan. O Viét Nam, Dinh Mai Huong (2022) [12] da
két hop thuat toan tham lam véi thuat toan luyén kim (SA-Gr) d€ t&i uu can bang day
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chuyén may san pham dét kim. Phwong phép nay dung Gr dé€ khoi tao nghiém chat
luong cao va SA d€ tim ki€ém toan cuc, cho hiéu suat can béng cao hon 3 - 5% so vdi SA
thuan tuy va giam dang ké thoi gian tinh todn.

K€ thtra va phat trién theo huwdéng nay, nghién ctru nay dé xuat thuéat toan lai
BFD-ACO-LS, tich hgp ba thanh phan chinh:

e Best-Fit Decreasing (BFD) dung dé khoi tao nghiém kha thi ban dau, dam bao
phéan bd hop ly cac cong doan theo chu ky san xuat;

e Ant Colony Optimization (ACO) déng vai tro tim kiém toan cuc dua trén co
ché& pheromone va heuristic nham xac dinh phuong 4n phan bd t&i wu;

¢ Local Search (LS) duwoc str dung dé€ tinh chinh nghiém cuc b9, giam do6 1éch tai
gitta cac tram va nang cao hiéu suat day chuyén.

Thuat toan duoc tng dung cho bai todn can bang day chuyén may cong nghiép
tai Cong ty may va thuwong mai Gio Linh — Quang Tri v6éi muc tiéu phan bd hop ly cac
cong doan san xudt va may moc, thu hep chénh léch thoi gian gitra cac tram va tang hiéu
sudt can bang day chuyeén. Két qua thuc nghiém cho thdy md hinh dé xuat c6 kha ning
rat ngan thoi gian thiét 1ap can bang va cai thién hiéu suat van hanh trong mdi truong
san xuat thuec té.

I1. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh héa bai toan can bang day chuyén may

Dé€ san xuat ra mot san phdm hoan chinh, moét day chuyén may cong nghiép sé
phai thiec hién n cdng doan dugc cac cong nhan thurc hién bz“ing cac loai may moéc tuong
tng hodc thu cdng va dwgc bo tri vao m tram lam viéc, trong d6 san pham di qua tat ca
céc tram trén, moi tram (thuong la mot cong nhan) dam nhan moét hoac nhiéu cong doan
cu thé. Gitta cac cong doan ton tai moi quan hé tha tu, nghia 1a mot sd cong doan chi c6
thé bat dau khi cac cong doan triede d6 da hoan tat. Cling véi d6 tong thoi gian lam cac
cong doan tai mot tram bat ky goi la thoi gian tram khong duoc vueeot qua thoi gian hoan
thanh san pham duoc goi 1a chu ky (CT).

Bai toan can bang day chuyén may duoc mé hinh hoa nhu sau:
Tap cong doan: T = {1,2,...,n}
Tap may moc: M = {M;, M,, ..., M.}
Thoi gian cong doan: p; ,,, 1a thoi gian thirc hién cong doan t véi loai may m.

Chu ky san xuit (Cycle Time- CT): La thoi gian can d€ hoan thanh mot san phim,
thuwong 1a thoi gian tram 16n nhat.

Rang budc thé ty: La mot d6 thi c6 huéng (DAG), trong d6 mdi nit twong ting voi
mot cong doan va canh u — v nghia la cong doan u phai hoan thanh trudc cong doan v.
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Rang budc may moc: Moi cong doan chi dugce lam tht cong hodc mot loai may va moi
tram khong dwoc bd tri qua hai loai may.

Ham muc tiéu

Muc tiéu ctia nghién cttu nay 1a giam s6 tram, ting hiéu suat can bang véi thoi gian
chu ky cho truéc thong qua cac thang do [13] sau:

1. Hiéu suét can bang chuyén - Line Efficiency (LE):

m
— Zk:‘l tsk

cm

LE (1)

Trong d6: m la s6 tram lam viéc ctia day chuyén san xuat; ¢ 1a thoi gian chu ky; t, la

tong thoi gian cac cong doan tai tram sy.

2. D) thoéng sudt:

I = [t (o — £ @

Trong dé: m la sG tram lam viéc cta day chuyén san xudt; t,, 1a tong thoi gian cac

cong doan tai tram sy; t; la thoi gian tram lon nhdt trong tat ca cac tram sy.

Sma.
3. D0 tré can bang:

BD:% 3)

cm
Trong d6: m la s6 tram lam viéc ctia day chuyén san xuat; ¢ 1a thoi gian chu ky; t, la
tong thoi gian cac cong doan tai tram sy.

2.2. Thuat toan lai BFD-ACO-LS

Trong nghién cttu nay, ching t6i dé xuat mot thuat toan lai két hop ba thanh
phan chinh: Best-Fit Decreasing (BFD) dé€ khoéi tao nghiém kha thi, Ant Colony
Optimization (ACO) dé€ tim kiém toan cuc va Local Search (LS) d€ cai thién nghiém cuc
bd. M6 hinh tong thé dwgc mo ta qua ba budc sau:

Budc 1: Khéi tao nghiém (BFD)

Dua trén nguyén tic Best-Fit Decreasing, cic cong doan duoc sap xép theo thit tw thoi
gian giam dan va lan luwot phan bo vao cac tram sao cho:

» Mtic 1ap day thoi gian chu ky (Cycle Time — CT) la cao nhat.
o Dong thoi van dam bao rang buoc thit tu cong doan ciing nhu may méc.

Két qua budc nay la mot nghiém kha thi ban dau dé ACO tiép tuc cai thién.
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Budc 2: Téi wu bang thuit toan dan kién (ACO)

Trong giai doan t6i vu toan cuc, moi ca thé kién (ant) sé xay dung mot nghiém mai
dwa trén:

e Vét mui (heromone): ky hiéu 7, ,,, bi€u thi mirc hap dan cta viéc gan cong doan
t cho may m.

e Thong tin heuristic: ky hiéu ng,, = pL , trong do6 p¢ ., 1a thoi gian xt 1y cong
tm
doan t trén may m.

Xéc suat d€ mot kién chon cép (t, m) duoc xac dinh theo cong thic:

a B
P(t, m) — [Tt m]“[Mem] (4)

Y ermneclterm1*Mermi 1B

trong do C la tap cac lya chon kha thi tai thoi diém do6; a va S lan luot diéu chinh mtc
anh hwong ctia pheromone va heuristic.

Sau moi vong lap, lwong pheromone duoc cap nhat theo quy tic bay hoi:
Tem < (L= p)Tem + ATem )
véi p € (0,1) 1a ty 1é bay hoi, va 41, ,, la luong pheromone dwoc bd sung twong Gng
véi nghiém tot nhat trong vong ldp.
Buwdc 3: Cai thién nghiém véi LS (Local Search — LS)

Nghiém tSt nhat ttr ACO tiép tuc dwoc tinh chinh bang cac thao tac cuc bd nham ting
hiéu suét can bang (Line Efficiency — LE) va giam d¢ 1éch tai gitra cac tram (Smoothness
Index — SI).

Cac thao tac chinh gom:

o Forward fill: 14p day khoang tréng thoi gian con lai trong tram bang cong doan
kha thi ti€p theo.

o Single move: di chuyén mot cong doan gitra cac tram dé cai thién d6 can bang,
 Swap: hoan ddi cong doan gitta hai tram c6 tai chénh léch 16n.
» Merge/Split: Gop hodc tach cac tram néu diéu kién chu ky cho phép.

2.3. Thiét 1ap tham s6 va cdu hinh thuit toan

Dé dam bao hiéu qua tim ki€m va kha nang hoi tu cia mo hinh lai BED-ACO-
LS trong bai todn can bang day chuyén may cong nghiép, cac tham sd thuat toan duoc
thiét 1ap nhu trinh bay trong Bang 1.
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Bdng 1. Tham s6 thiét lap ctia thuat toan BFED-ACO-LS

Tham s& Gia tri

S6 luong kién (N-ANTS) 120
S§ vong 1ap ACO (N_ITERS) 450
Ngudng dirtng sém ACO 40

Hé s pheromone (a) 0,9
Hé s heuristic () 2,6
Hé s6 bay hoi pheromone (p) 0,12
S6 vong ldp tim kiém cuc bo (LS) 50

III. THUC NGHIEM VA KET QUA
3.1. Dit liéu thyc nghiém

Dt liéu thuwee nghiém duoc thu thap trén mot day chuyeén san xudt 4o khoac - ma
hang AT88G cua Cong ty may va thuwong mai Gio Linh — Quang Tri gobm 90 cong doan,
07 loai may dwoc stt dung, 26 tram (méi tram do mot cong nhan phu trach), thoi gian

chu ky la 286,5 giay duwoc mo ta bén dwdi (Bang 2):

Bdng 2. Danh sach cac cong doan va thoi gian thuce hién mdi cong doan

Ma T¥101 . | Quan Ma T?un ) Quan Ma T¥101 . | Quan
cong gian L0f_11 hé wu | cong gian LO,E}I hé wu cong gian Lo,a_u hé wu
doan ﬂ}l;rc may tien doan ﬂ}}rc may tien doan tl}l;rc may tién

hién hién hién
1 11,8 - - 31 23,55 | M2 30 61 161,9 | M2 60
2 5,9 - - 32 22,2 M2 31 62 49,5 M3 58
3 14,7 - - 33 31,9 M2 27 63 8,1 M2 57
4 14,7 - 1,2 34 44,2 M>5 32 64 39,2 M2 80
5 56,9 M1 12 35 9,8 - 26 65 89,3 M2 68
6 19,1 - 4 36 27,5 M2 34 66 18,7 M3 62
7 46,1 M2 11 37 11,6 Mb5 36 67 18,6 M2 63
8 12,1 M2 6 38 17,9 - 35 68 78,5 M2 81
9 9,6 - 8 39 41,4 M2 33 69 18,7 M3 66

10 38,3 M2 9 40 29,9 M7 42 70 22,6 M2 67

11 41,5 M2 14 41 74,6 M7 40 71 67,7 M2 81

12 19,6 M3 15 42 26,5 M2 47 72 14,7 - 69

13 16 M4 16 43 12,8 M2 - 73 17,7 - 72

14 14,4 M4 13 44 74,6 M7 41 74 14,7 - 73

15 13,7 - 10 45 19,6 M3 43 75 99,1 M2 57

16 5,7 M5 5 46 14,7 | M3 45 76 19,6 - 59

17 33,4 M6 18 47 14,7 - 46 77 70,6 M3 76

18 186,4 M1 - 48 63,8 M6 50 78 56,9 M2 71

19 | 204,55 | M1 39 49 1629 | M1 48 79 1099 | M2 64

20 33,4 M3 50 162,9 | M1 51 80 216 M2 74,87
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21 40,7 M2 37 51 31,4 | M2 52 81 47,1 M2 79
22 41,2 M3 25 52 324 | M3 53 82 1079 | M2 78
23 41,2 M3 19 53 17,9 | M2 3 83 39,2 M>5 77
24 30,4 M3 38;20 54 755 | M2 49 84 49,1 - 89
25 27,95 - 24 55 112,8 | M1 56 85 49,1 - 88
26 8,95 M2 - 56 14,7 | M6 - 86 119,7 - 84
7;23;44;
27 33,75 M2 21 57 33,7 | M2 545517 87 23,5 - 86
28 13,25 M2 22 58 13,9 | M3 70 88 107,9 - 75
29 30,65 M2 28 59 161,9 | M2 61,82 89 27,5 - 85
30 26,7 M2 29 60 48,1 M3 65 90 76,6 - 83

Nguon: S6 liéu tir cong ty ¢6 phan may va thuwong mai Gio Linh

Phéan bd thoi gian cta 26 tram trén day chuyén hién tai duoc biéu dién trong

Hinh 1. Cac tram c6 thoi gian xtt ly phan b6 khong dong déu, véi mot s6 tram co gia tri
cao vugt trdi (nhu tram 2, 24 va 25). Puong mau do biéu dién chu ky day chuyeén thuc
t€ (286,5 s), cho thdy nhiéu tram co thoi gian thap hon dang ké trong khi mét s6 tram
tiém can muc chu ky. Diéu nay phan anh sy mat can d6i ro rét trong phan bd tai gitra
cac tram ctia day chuyén, dan dén thoi gian cho gitta cac tram cao lam giam hiéu qua

van hanh tong thé cua day chuyeén.

400

== Chu ky {286.5s)

350
mm Thoi gian tram

300

)
g
=]

Thoi gian (s)
~n
2

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Tram

Hinh 1. Phan bd thoi gian gitra cac tram va thoi gian chu ky trudce khi ap dung thuat toan

Mtic d6 can bang ctia day chuyén duoc biéu dién trong Hinh 2 tiép tuc thé hién
s mat can bf?mg khi thoi gian thao tac gitta cac tram cd su chénh 1éch 16n, thé hién qua
mturc bién thién 16n gitra cac gia tri cuc dai va cuc tiéu. Puong BPT (167,75 s) mo ta mic
tai trung binh cua day chuyén, trong khi hai dwong UCL (222,65 s) va LCL (112,85 s) xac
dinh vung gidi han kiém soat cho phép. Viéc nhiéu tram vugt qua UCL hodc thap hon
LCL cho thay day chuyén dang & trang thai mat can bang nghiém trong, véi mtic can
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bang chi dat 55,55%, giai thich nguyén nhan khién chu ky day chuyén duy tri & mtc cao

va hiéu suat van hanh thdp trudc khi ap dung cac thuat toan tdi wu hoa.

350 —e— Thoi gian c&c tram
BPT = 167.75s

== UCL=222.65s

== CL=112.85s

3004

~
G
=)

Thoi gian tram (giady)
I
(=
=]

=
o
=}

1004

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24 25 26
Tram

Hinh 2. Can béng day chuyeén triedc khi &p dung thuat toan (55,55%)

D€ kiém thtr thuat toan BFD-ACO-LS véi dit liéu trén, budc dau tién chiung toi
xay dung so d6 wu tién cho quan hé trede—sau caa cac cong doan (Hinh 3). Trong so d6
nay mdi nut 13 mot cong doan kem theo thoi gian thitc hién cong doan do, modi lién két
c6 hudng thé hién cong doan nao thyc hién truede cong doan nao thuc hién sau. Vi du
cong doan 4 [14,7] la cdng doan c6 ma sd 4 o thoi gian thuc hién 14,7 s va d€ thuc hién

cong doan 4 nay can thuc hién trude cac cong doan 1 va 2.
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31
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[2.1] [99,1] [107,9] [48,1] [2? 5]
20
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h 4
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[4? 1] [67.7] [56 9] [107 9]
161 9]
[73 5] H (89,31 [ > [43 1] ’[151 g]‘—f

Hinh 3. So d6 uu tién gitta cac cong doan

3.3. Tham s6
3.2. Két qua thuc nghiém

Trong nghién ctru nay, muc tiéu chinh 1a giam s6 tram v6i chu ky CT = 216 s,
twong tng voi cong doan cd thoi gian thao tac 1on nhat. Pong thoi, d€ danh gia chat
lwong can bang ctia nghiém, nghién cttu st dung thém ba chi s& danh gia gom: LE, SI va
BD (Muc 2). Duya trén cac tiéu chi nay, bé tri hién tai cta day chuyén duoc so sanh véi
phuong an t6i wu hda bé”mg thuat toan lai BFD-ACO-LS. Két qua chi tiét cac tram duoc
trinh bay trong Bang 3.

Bang 3. Két qua bd tri cac cong doan sau khi st dung thuat toan lai BFED-ACO-LS.

; Thoi gian Thoi gian
Loai . A N N on o
Tram , Cac cong doan trén tram lam viéc cia | cho cua tram
may
tram (s) (s)
1 M2/M3 | 2;3;1;4;35;6;8;43;9; 38; 15; 10; 53; 26 207,25 8,75
2 M3/Mé6 24; 25; 47; 46, 45; 56; 52; 20; 12 207,45 8,55
3 M1/M3 5; 55; 22 210,9 5,1
4 M2/M5 37; 16; 29; 31; 28; 36; 34; 30; 32 205,35 10,65
5 M2 27;42; 51; 21; 33; 39 205,65 10,35
6 M4/M7 13; 14; 40; 44; 41 209,5 6,5
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7 M1/M6 19 204,55 11,45
8 M1/M7 18 186,4 29,6
9 M1 50 162,9 53,1
10 M3/M6 48; 23,17 138,4 77,6
11 M1/M2 11; 49 204,4 11,6
12 M2/M4 7,54, 57,70, 63; 67 204,6 11,4
13 M1/M2 75; 88 207 9
14 M3/M6 66; 73; 58; 89; 69; 72; 62; 85 209,8 6,2
15 M6/M7 74; 87, 84; 86 207 9
16 M2 80 216 0,0
17 M2 64; 81,79 196,2 19,8
18 M2/Mé6 71;78; 68 203,1 12,9
19 M2/M5 65; 82 197,2 18,8
20 M2/M3 61; 60 210 6
21 M2 59 161,9 54,1
22 M3/M5 83; 90; 76; 77 206 10

Sau khi 4p dung thuat toan, s6 tram giam tir 26 xudng con 22 tram, trong khi thoi

gian chu ky giam tir 286,5 s xudng 216 s. Dang chti y, mitc d6 can bang chuyén tang tir
55,55% 1én 91,78% va do thong sudt giam tir 664,82 s xudng 121,35 s (Bang 4).

Bang 4. So sanh cac chi s8 LE, SI, BD giita cach bd tri cac cong doan t5i wu bang BFD-ACO-LS

va cach bd tri thuc t€ tai nha may

, Thoi gian | _, Cinbang | Pothong | Do tré
Ph h t \ i .
wong phap chuly () | 0™ | huyen (%) | suét (s) (%)
Thu cong hién tai 286,5 26 55,55% 664,82 41,45%
T6i wu bf“mg BFD-ACO-LS 216 22 91,78% 121,35 82,2%

Két qua phan bd thoi gian cac tram sau t6i wu (Hinh 4) cho thady mutc d6 dong

déu da dugc cai thién ro rét, hau hét déu tiém can chu ky 216 s. Chénh 1éch thoi gian

gitra cac tram dugc thu hep dang ké, khong con xuat hién cac tram qua tai cuc bd.

250

n
=3
=3

Thdai gian (s)
g

=
=3
S

50

== Chu ky (216s)
B Thai gian tram

8 $ 10 11 12 13 14 15 16 17 18 19 20 21 22
Tram

Hinh 4. Phan bé thoi gian gitra cac tram va thoi gian chu ky sau khi ap dung thuat toan
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Hinh 5. Can bang day chuyén sau t6i wu (91,78%)

Mttc d6 can bﬁng chuyén (Hinh 5) da tang t&r 55,55% 1én 91,78%, voi phan 16n
thoi gian cac tram déu nam trong ving kiém soét gitta UCL (218,8 s) va LCL (178,9 s),
khong con tram nao vurgt qua UCL. Nhitng két qua nay khang dinh hiéu qua cta thuat
toan lai BFD-ACO-LS trong viéc nang cao mttc d¢ dn dinh va hiéu suat van hanh cta
day chuyén.
IV. KET LUAN VA KIEN NGHI

Nghién ctru nay da dé xuat va ap dung thuat toan lai BFD-ACO-LS d¢€ giai quyét
bai todn can bang day chuyén may cong nghiép, trong d6 xem xét dong thoi rang budc
vé quan hé thit ty cong doan, thoi gian thao tac va may moc. Két qua thue nghiém cho
thdy thuat toan gitup giam thoi gian chu ky tir 286,5 s xudng 216 s, s6 tram ttr 26 tram
xudng con 22 tram va hiéu suat day chuyén tang tir 55,55% 1én dén 91,78% cao hon dang
ké s0 vdi bd tri thu cong hién tai. Nho d6, quy trinh phan cdng cdng doan duoc tu dong
hoa hiéu qua hon, déc biét phut hgp véi cac day chuyén 16n.

Mac du dat duoc nhiéu két qua tich cuc, nghién ctru van ton tai mot s6 han ché.
M6 hinh chua xem xét day du cac yéu t6 bién dong thoi gian thao tac thuc té, ky nang
ca nhan cua céng nhan. Day sé la hudng di ti€p theo ctia nghién cttu nay.
LOI CAM ON

Nghién cttu nay dugc hoan thanh dudi sw hd tro tir dé tai ma s6 K. KTCN2025-
GV-01 cua Khoa Ky thuat va Cong nghé - DPai hoc Hué.
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APPLICATION OF A HYBRID BFD-ACO-LS ALGORITHM TO THE ASSEMBLY
LINE BALANCING PROBLEM IN THE GARMENT INDUSTRY

Loi Hoang Trong!, Nguyen Thi Ha Phuong!,
Nguyen Thi Hai Le!, Nguyen Tan Tan!
1 School of Engineering and Technology, Hue University

* Email: hoangtrongloi@hueuni.edu.vn

Abstract: The assembly line balancing problem in the garment industry is a
complex task influenced by various constraints such as production cycle time, task
precedence, and machine or equipment limitations. This is a large-scale problem
belonging to the NP-hard class, making it impossible to obtain an exact solution
within a reasonable time. This study proposes a hybrid BFD-ACO-LS algorithm,
which integrates Best-Fit Decreasing (BFD) to generate an initial feasible solution,
Ant Colony Optimization (ACO) for global search, and Local Search (LS) for local
refinement. Experiments conducted on a garment production line with 90
operations show that the number of workstations was reduced from 26 to 22, while
line balancing efficiency increased from 55.55% to over 90%. These results confirm
the effectiveness and applicability of the hybrid BFD-ACO-LS algorithm in

optimizing garment assembly lines.

Keywords: line balancing, hybrid algorithm, ant colony optimization (ACO),
optimization.
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