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Abstract
This paper presents a solution to the production planning and labor assignment problems in an automotive electrical

cable factory in Thailand. Based on the conventional manner of the case study production line, the production supervisors
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made production and workforce plans by their experience. So, efficient plans cannot be guaranteed. Moreover, overtime
production was always needed to catch up with the delivery due date. This situation affected the increase in total production
cost. Therefore, this research developed two integer linear programming models for solving the case study's production
planning and labor assignment problems. The considerations of overtime production based on the company’s policy and
the worker’s multi-skill were included in the proposed models. The results show that, without consideration and with
consideration of overtime production, the total labor cost can be reduced using the presented production planning model
(model M1) which beat the conventional plan by 13.17 and 13.14 percent of the recent total labor cost, respectively.
Moreover, workforce plans obtained from the proposed workforce planning model (model M2) are better than the

conventional plan by 14.51 and 14.74 percent of the current average worker skill.

Keywords: production planning, labor assignment, integer linear programming, automotive electrical cable production
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w1 Ty 2 veunasgu 0.2
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0P02/0.7 0.8 0.8 0.7 0.8 ... 0.9 0.5 0.5 0.7 0.8
OP03(0.9 09 0.6 0.6 0.7 ... 0.8 0.9 0.8 0.8 0.5
OP04({0.9 09 0.7 0.7 0.5 ... 0.8 0.9 0.8 0.9 0.5
OP05(0.7 0.6 0.5 0.7 0.7 ... 0.8 0.7 0.9 0.7 0.8
OP06/0.8 0.9 0.7 0.5 0.8 ... 0.9 0.8 0.8 0.7 0.7
OP...
OP14(0.8 0.8 0.6 0.6 0.4 ... 0.5 1.0 0.5 0.8 0.5
OP15(0.7 0.5 0.8 0.7 0.8 ... 0.8 0.9 0.8 0.9 1.0
OP16(0.6 0.6 0.8 0.9 0.5 ... 0.5 0.7 0.9 0.7 0.8
OP17/0.8 0.7 0.8 0.9 0.9 ... 0.5 0.8 0.8 0.5 0.9
OP18|0.8 0.8 0.8 0.5 0.7 ... 0.8 0.9 0.8 0.7 0.8
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4.1.MWUUNNAUANTAITIHIUNIT NN UNITINAA

(M1)

aw dy Y o o a Y o
ﬂmai]ﬂumlﬂ aamuy Tdsunsusudusiuiu

< o W

1AW (Integer Linear Programming, ILP) @11 3UN1331N

a Ao s A Y ¥ '
HAUNTTINAR Iﬂﬂil’mQﬂizﬁ\iﬂ!,WE]GI,‘HNG]‘NV!H?]HLNTJM

'
o A

' a { =2 A a s A v
NNFIIATINITHNAAA Vlfjﬂ SFIAWNITINLADININYIVDN

dunlsdadula (Decision variables) Warduingilszasd

Y
v A

(Objective function) uaziaou luafany (Constrains) AU
fvuald ¢ = Twhawlad 12, .., D
h=3umnuluiunga 12, ., H
@ 7
w=dUawn 1,2, ..., w

A =
m=190UN 1,2, ... M

9 =

a Y 1 d‘
g =aumngun 1,2,.., G
k= aumxian 1,2,

2D

a da A Y
4.1.1. NN NNEIVDS
Cp = AUTIFIIANUNA-TUTTTUAT (W IN/BTIN)
C, = AMUTIFWAWIA-IUTITUA (U IN/F2 TH9)
C,; = AMIIFRNIAUNA-TUnga (UIM/H2 119)
C, = MUITAFNANIA-TUHYA (VN2 T14)
= s A Y @ a Y
L, = YTNMIADAUMAIAADITUA THIAD
' @ Ia A A '
knQu g dUa N w vounouUN m nuae)
P, = 8031M3Nandua luaa & (M1e/42 139)
Qi = U3 WIANUADINMTAUR TR kNQU g
o I A =~ '
FUAMN w vBUADUN m (MU1Y)
Ligaune = 10T nOWGUR 910 £ nQY g 1301
UnA-Tus35ua d e w voufoun m (Au)
Ligmor=3182uMn0O1ud U150 £ nqu g

' o o s ~
AWNIA-IUTTTNA d ﬁl]ﬂﬁf‘i‘ﬂ w "UleﬁfJ‘L!‘Vl m (AU)
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Lignme = 182U MIN U0 G U YA £ NQU g
a o o 7a A a
a1 nA-Turga 1 d1la1Mn w veudouN m (AU)
Lignmor = S14 MWD OMv0 @ UM a0 k ngu g
' o o sa A A
A2 IUnga 2 AN w veuAeUN m (AY)
OT .., = TMIUT THAUTANUANIA-TUTTTUA
d nqu g danii w voudoui m (¥ Tu9)
OT, g = 3T THANTANIUAIIA-TUYEYA £
' o I A =~ &
NN g AUAHN w vouRoUN m (2 119)
OT g = IHIUFI THAT AU GIGAGINIAN-TU
535UAN d NN g AUAN w veuAeuUR m (F21u9)
OT, gt = DIMINFI THANT 11U GIGAAIIIAN-
o ' o 7a A ~ o
TUKga 7 nQu g dain w voudoun m (1 119)

OTP =$1UAUF TUIUT 49U A 29178191

dgwm
o ' @ 7
UTou1815991UTUTITNAY d NN g TUAIHN w Y03
POUN m (F1T19)
OTP;,,, = 31HIUFI TUAUT 1IN A0 Y
o ' o 7 A A
uTone15901UUNYA £ NQY g d1A1HN w voudaun
m (F2119)
Ry = 31192 T1 a5 90714 nA-TUSITHAT d
' @ 7a A A d
QU g Fla1in w veuaoUN m (Glsﬂm)

Ry = 91UIUF THaU5 900U NA-TU YR £ AU g
o s A d
dlavin w voudoui m (1 1u9)

R = 91HINFI THAUTIOUTIgAY AA-TU

' @ 7a A A 3
FITUAANQU g FUa N w veuaaUN m (Gme)

Ry = 31U THaUT 00U e ganA-TUYA
h g g daii w voudou m (¥ Tu9)

4.1.2.6mils aaaule (Decision variables)

X, = Usmramsndadudi Tuaa knqu g Tu
535091 d 71a1¥ 0 waeudeun m lugiaiainig
MU nA-IuFITUAT (H198)

X,y = USnamswaaduiluma knqu g voq
o o oA A '

Tuviga h dda1if wavoudoun m luraraaains
MAuna-Tunga (1117e)
Y = US1N0IMIHAATUA THIAA k NGY g VOITU
o 7A A A '
555001 d dda i wusudoun m luraaainis

MWD TUTTTUAT (HUIY)

Yignm = Us1uman@nduai Tuiaa knqu g vos
o o 7 A = '
Tunga h dila1dn waoudeoun m lugrurains
MAUaNa-Iuvga (M)
Jdou o d . . .
4.1.3.Wﬁﬂ1fu3ﬂqﬂ§$ﬁﬂﬂ (Objective function) 1ag
130U v1T3AY (Contraints)

WanduingilszasduazGou lvifsduinedosues
(2 a o [ 9 12
dauunTdsunsuFudusurwdaudiniunisg

UHUMTHAR M1y ﬁHJﬁi‘lLlﬁﬂQvl@gl}ﬁ\iﬁiJﬂﬁﬁ (1)
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X wmCRTYkgawmCo
Sy B ey Bl 25, (Fratem O hadum o) "
+ 2115:1 2221 yM_ s Z'J=1 (nghmeH+ykghmeotH)
Py
meldteulvaumsn 2)-(10)
D ik
Z ngdwm + z ng[zwm
d=1 h=1
D Jil > .
+dg1yké’d win +1Z:1Ykghwm _ngwm ’ Vk’ g @

KX K

%% < %Lkgdme x8hrs ; Vg, d,w,m 3)
k

K'Y, K

%% s %LkgdmeT x2hrs ;Y g.dw,m 4)
&

K'Y,

%%20Tpdgwm ;Vg,d,w,m Q)
k

K Xion K

§% < XLighum <8hrs Y g.hw,m (6)
(5

KY, K

%% < %LkghmeT x2hrs Vg, h,w,m @)
&

K'Y,

> % > OTP, g Y g hw,m )
k

D H
) ngdwm +X ngbwm
d=1 h=1

D H
Ikgwm :]kg(w—l)m + +dz_:1ykgdwm +]E1Ykghwm _ng""m )

;Vk, gw,m
Xkgdwm s Xkghwm s Ykgdwm» Ykghwm = 0 and Integer (10)

;Vk,g,d,h,w,m
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kgdwmOT
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3190 9 M35 uNo DY INMIINURUMTNAALUIANURIUS Enuaz Ay taue

PoU (m), ngu

1 ludlunnazsranar lunsnan (52 1ue-u33911)

Usuumsnanalnals I

AW IUMIHARTIN (VM)

o ¢ a o 2 R, oT, R, OT. alran
dUav (w)  WannwN
! T b ! T b ! T 1 ! T b ! T 1 ! T 1
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23.713 23,720
m=1,w=1 B 7,000 6,368 6,368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39,600 31,720 31,723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23,713 23.720
m=1,w=2 B 7,000 6368 6368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31720 31.723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23.713 23,720
m=1,w=3 B 7.000 6368 6.368 150 0 0 0 0 0 0 0 0 100 0 0 289.000 254.720 254.720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31,720 31.723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23,713 23.720
m=1,w=4 B 7,000 6368 6368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31720  31.723
FIUFIIAT m =1 35040 31.015 31.016 _1.200 0 0 00 0 0 0 0 1.840 0 0 1.473.6001.240.6111.240.652
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42.400 33.160 33.220
m=2,w=1 B 7,200 7,200 7,200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1,450 1,400 353 59,000 42448 42,446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42400 33.160  33.220
m=2,w=2 B 7200 7200 7200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1.450  1.400 353 59.000 42.448  42.446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42.400 33.160 33.220
m=2,w=3 B 7,200 7,200 7,200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1,450 1,400 353 59,000 42448 42,446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42400 33.160  33.220
m=2,w=4 B 7200 7200 7200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1.450  1.400 353 59.000 42.448  42.446
FINFWIA T m =2 35,040 35,040 35,040 5,800 3,117 3,133 0 0 0 0 0 0 10,500 9,960 10,064 1,749,6001,588,5901,589,547
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i () wansuad R, OL. B oL fanal
! Tt 1 ! Tt 1 ! T 9 ! T 1 ! Tt bl ! Tt bl
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