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Abstract

The arangement of machines in a layout plays an important role in manufacturing
processes in terms of cost and time. Having an effective layout can reduce the material handling
cost and time-consuming by 10 — 30%. Various algorithms for machine layout design have been
proposed in the literature—namely, Flow Line Analysis (FLA), Simulated Annealing (SA),
Genetic Algorithm (GA), or Ant Colony Optimization (ACQ); most of which are considered to be

complicated and difficult to comprehend.

The priﬁlary goal of this project is to develop a MATLAB GUI-based program for the
computational aids in the machine layout design problem—the problem of finding the fayout of
machines so that the total distance of all product flows moving through machines is minimized.
Numerical examples illustrate that the resulis obtained by the developed program and by analysis

are identical.
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N Machine Calculate distance Distance to Carry Total distance
MI>M2 = 6.5 Pl 5+11.5=16.5

1 | M1-M2-M3 M2>M3 =35 P2 11.5 16.5+11.5=28
MI>M3 =6.5+5=11.5
MI>M3 =45 Pl 5+45=9.5

2 | M1-M3-M2 M3>M2=35 P2 45 9.5+4.5=14

MI>M2 =4.5+5=9.5
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N Machine Calculate distance Distance to Carry Total distance
M2>MI = 6.5 Pl 11+4.5=15.5

3 |M2-MI1-M3 Mi>M3 =45 P2 45 15.5+4.5 =20
M2>M3 =6.5+4.5=11
M2>M3 =5 Pl 5+4.5=9.5

4 | M2-M3- Ml M3>M1=4.5 P2 45 9.5+45=14
M2>M1 =5+4.5=9.5
M3>M! = 4.5 Pl 11+4.5=15.5

S {M3I-MI-M2 |MI>M2=65 P2 4.5 15.5+4.5 =20
M3>M2 =4.5+65=11
M3>M2=5 Pl 5+11.5=16.5

6 fM3-M2-M1 | M2>MIl=6.5 P2 11.5 16.5+11.5=28
M3>M1=546.5=11.5
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N Machine Calculate distance Distance to Carry Total distance
MI>M2=45 Pl 1046.5+12=28.5
M2>M3 =5.5 P2 4.5+16.5=21

L] Mi-M2-M3--mq | MIPME=6S P3 12+5.5=17.5 28.5421+17.5 = 67

MI>M3 = 4.5+55=10
M1>M4 =4.5+5.546.5 = 16.5
M2>M4=5.5+65=[2

Y
\

MISM2=4.5 Pl 16+6.5t5= 275
M2>M4 = § P2 4.549.5=14
2 | MI-M2—M4_M3 | MPM3=65 P3 5+11.5=16.5 27.5+14+16.5 = 58

MI>M4=45+5=95
MI1>M3 =4,5+5+6.5=16
M2>M3 =5+6.5=115

MI>M3 =6 Pl 6+10.545 =215
M3>M2=5.5 P2 11.5+16.5 = 28
3 | MI-M3I—mM2-mq | MPBM4=S P3 5+55=10.5 21.5+28+10.5 = 60

MEP>M2 =6+5.5=11.5
MI>M4 = 6+5.5+5=16.5
M3>M4 = 5.5+5 = 10.5

MI>M3=6 Pl 6+6.5t5=175
M3>M4 = 6.5 P2 17.5+12.5= 30
4| MI-M3-Ma-M2 |MPM2=5 P3 5+11.5=16.5 17.5430+16.5 = 64

MI>M4 =6+65=125
MI>M2 = 6+6.5+5=17.5
M3>M2 =6.5+5=11.5

MI>M4 =55 Pl 16+10.5+5=31.5
Mé>M2 = 5 P2 10.545.5= 16
5| MI-M4-M2_Mm3 | MPM3=55 P3 5+55=10.5 31.5416+10.5 = $8

MI>M2 =55+5=10.5
MI>M3 =5.5+5+55= 16
M4>M3 =5+5.5 = 10.5

MI>M4 =55 Pl 1246,5+12=30.5
M4>M3 = 6.5 P2 17.5+5.5 =23
6 | MI-M4—M3-_M2 |MIPM2=55 P3 12455=175 30.5423+17.5 = 71

Mi1>M3 =55+6.5=12
MI>M2 =5.5+6.5455=17.5
M4>M2 = 6,5+5.5= 12
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N Machine Calculate distance Distance to Carry Total distance
M2>MI = 4.5 Pl 6+6.5+17=29.5
$;>xi=gs P2 4.5+12.5=17
>M4 = 6. =
7 | M2-MI-M3-Ma | o 10s P3 17+10.5=275 29.5+17+427.5 = 74
M2>M4 = 4.5+646.5 = 17
MI>M4 = 6+6.5 = 12.5
M2>M1 =4.5 Pl 12+6.5+10=28.5
M‘:>M4 =35.5 P2 4.5+5.5=10
M4>M3 =65 =
8 | M2-Mi-Ma-M3 | FOTEETIS L P3 10+16.5=26.5 28.5+10426.5 = 65
M2>M3 =4.5+5.5+6.5 = 16.5
MI>M3 = 5.5+6.5 = 12
M2>M3=5.5 Pl 6+11,5t17=345
ﬁ?’ﬁrﬁs P2 11.5+5.5=17
>, =3, —
9 | M2-M3-MI-M4 | BT L s P3 1745.5=225 34.5417+422.5=74
M2>M4 = 5.5+645.5= 17
M3>M4 = 645.5 = 11.5
M2>M3 =55 Pl 12+6.5+12 =305
MR P2 17.545.5=23
>MI1 = 5. 2
10 | M2-M3-M4-M1 | o s 1 P3 1245.5=175 30.5+23+17.5 =71
M2>MI = 5.5+6.545.5 = 17.5
M3>MI =6.5¢5.5= 12
M2>M4 =5 Pl 6+11,5+5=225
;A{fhh:!l; = 2.5 P2 10.5+5.5=16
= = x
11 ] M2-M4-MI-M3 | o0 o os P3 5+16.5=21.5 22.5+16421.5 = 60
M2>M3 = 545.5+6 = 16.5
M4>M3 =5.5+6=1L5
M2>M4 =5 Pl 6+6.5+5=17.5
hh:fm = 2-5 P2 17.5+12.5=30
> = —
12 | M2-M4-M3-MI | oo e 1L P3 5+11.5=16.5 17.5430+16.5 = 64
M2>M1 = 5+6.5+6 = 17.5
M4>MI = 6.5+6 = 12.5
M3>M] =6 Pl 6+15.5+5=26.5
m;nﬁ = ;.s P2 4.549.5=14
[3 | M3-MI-M2~M4 | o M2 = 6+4.5 = 10.5 P3 5+0.5=155 26.5+14+15.5= 36
M3>M4 = 6+4,5+5 = 15.5
MI>M4 =4.545=9.5
M3>MI1 =6 Pl 6+11.5+5=22.5
M1>M4 =55 P2 10.545.5=16
14 | M3—MI-Md-m2 | MPM2=5 P3 5+16.5=21.5 22.5+16421.5 =60

M3>M4=6+55=11.,5
M3>M2 = 6+5.545=16.5
MI>M2=5,5+5=10.5
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N Machine Calculate distance Distance to Carry Total distance
M3>MZ = 5.5 P110+155+10=35.5
?ﬁf)ﬂi = ;g P2 4.5+5.5=10
> = = —
15 | M3-M2-MI1-M4 MI=M1 = 4 545.5 = 10 P310+5.5=15.5 35.5+10.15.5 =61
M3>M4 = 5.5+4.5+5.5=15.5
M2>M4 = 4.5+5.5= 10
MI>M2=4.545=9.5 Pl 16 +10.5+5=31.5
MI>M3 = 5.54545.5 = 16 P2 9.5455=16
MI>Md4 =355 = _
16 | M3—M2-M4-M1 | 2 700~ 2 P3 5+5.5=10.5 3L.5+16+10.5 = 58
M2>M4 =5
M3>M4 = 5.545 = 10.5
MI>M32 =45 Pl 12+6.5+10=285
MI>M3 = 5.5+6.5= 12 P2 4.545.5=10
MI>M4 =355 -
17 | M3 —M4—Mi1—M2 M2oM3 = 4.545.5.46.5= 16.5 P3 10+16.5 = 26,5 28.5+10.26.5 = 65
M2>M4 = 4.5+5.5= 10
M3>M4 = 6.5
MI>M2=4.5 Pl 16+65+5=275
MI>M3 =4.54546.5 = 16 P2 4.549.5=14
MI>M4 =4.5+5=9.5 A ~
18 | M3 -M4-M2-Mi1 WA Lk e P3 5+1L5=16.5 27.5+14+16.5 = 58
M2>Md =5
M3>M4 = 6.5
MI>M2 = 4.5 Pl 16+ 15.5F10=35.5
MI>M3 =4.545.5= 10 P2 4.5+5.5=10
MI>M4 =55 4 -
19 | M&-M1-M2-M3 | o7t 2 P3 1045.5=15.5 35.5+10.15.5 = 61
M2>M4 = 4.5+5.5= 10
M3>M4 = 5.5+4.5+5.5= 15.5
MI>MZ=6455=11.5 Pl 6+11.5+17=345
m:»&rgs P2 11.54+5.5=17
> =0 = _
20 | MA-MI-M3-M2 | o070 P3 1745.5=225 34,5+17.22.5 =74
M2>M4 = 5.5+6+5.5= 17
M3I>M4 = 6+5.5= 11.5
MI>M2 = 4.5 Pl 6+155+5=265
ﬁi’ﬂﬁs 5=9.5 P am9s=14
> =4,5+5=9, =
21 | Ma-M2-MI-M3 [ 7RSS0 P3 5+10.5=15.5 26.5+14+15.5=56
M2>M4 =35
MI>M4 = 6+4.5+5 = 15.5
MI>M2=615.5= 11.5 Pl 6+10.5+5=215
bh;lrm =2+5 S5 165 P2 11.5+16.5=18 .
> = S4+5= . = —
22 | M4-M2-M3 Mt M2>M3—5 5 P3 545.5=10.5 21.5+18+10.5 = 60
M2>M4=35

M3>M4 =5.5+5=10.5
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N Machine Calculate distance Distance to Carry Total distance
MI>M2=4.5 Pl 6+6.5+17=29.5
MI>M3=6 P2 45+12.5=17

MR M M[>M4 = 6+6.5= 12.5 P3 17+10.5=275 =

23 | M4-M3-MI-M2 M2>M3 = 4.5+6= 10.5 29.5+17.27.5=74
M2>M4 = 4.5+6+6.5= 17
M3>M4=6.5
MI>M2=4.5 Pl 10+6.5+12=28.5
Mi>M3 =4,545.5=10 P2 4.5+16.5 =21

24 | Ma-M3-M2-my | MDMIZASISSH6.5=165 | p3 12455175 28.5421+17.5 = 67

M2>M3=55
M2>M4 = 5.5+6.5= 12
M3>M4=6.5
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N Machine Calculate distance Distance to Carry | Total distance
E:'_E Mi>M2=0 B4

1 MI>M3 =2+1+1=4 |P2 4+4=8 448 =12
[4] M2>M3 = 2+[+1 =4 |P3 0
1] MI>M2 =0 P15

2 MI>M3 =3+1+i =5 | P2 5+5=10 5+10=15
[]—E M2>M3=3+1+1=5 |P3 0
[j_m MI>M2=3+142=6 {Pl O

3 MI>M3 =3+1+2=6 | P2 610=6 6+6=12
[] M2>M3 =0 P3 6
[j MI>M2 = 1+1+2=4 |P1 O

4 MI>M3 = 1+142=4 | P2 440=4 +4 =
] [mems-0 P34
[:I MI>M2 = 1+1+3=5 [ P1 5 5+5+5=15

5 MI>M3 =0 P2 0+5=5
[# 2] |M2»M3=1+143=5 |p3 s

58
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N Machine Calculate distance Distance to Carry Total distance
EJ_E’ MI>M2=2+1+3=6 (Pl 6 6+6+6 =18

6 MI1>M3 =0 P2 0+6=¢6
[3] M2>M3=2+143=6 | P3 6
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N Machine Calculate distance Distance to Carry | Total distance
MI>M2 =0 Pl 542=7
MI>M3=1+143=5 | P2 54247 =14
[}E MI>Md4=2+144=7 | P3 04742 =9
i 7+14+9 = 30
[]——EI M2>M3 = 1+1+3 =5
M2>M4 =2+1+4 = 7
M3>M4 ={5-7) = 2
MI>M2 =0 Pl 6+0=6
MI>M3=2+143=6 | P2 6+0+6 =12
[]_El MI>M4=1+1+4=6 |P3 0+6+0=6
2 &+ =
M2>M3 =2+143 =6
L 5]
M2>M4 =1+144 =6
M3>M4 =l6-6) =0
MI>M2=1+142=4 | Pl 448=12
MI>M3=0 P2 (4+8+4 = 2
[ MI>M4=3+1+4=8 | P3 4+448=16
3 12412416 = 40
[}—E M2>M3 = 1+1+2 =4
M2>M4 =j4-8| = 4
M3>M4 =3+1+4 = 8
MI>SM2=2+143=6 | Pl 6+6=12
MI>M3 =0 P2 0+6+0=6
[ MI>M4 =1+1+4=6 | P3 6+0+6=12
4 12+6+12 =130

M2>M3=2+143 =6
M2>M4 =|6-6} =0
Mi>M4=1+14+4 =6
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Machioe

Calculate distance

Distance to Carry

Total distance

I

M2>M3 =0
M2>M4 =2+1+4 =7
M3>M4 =2+1+4 =7

MI>M2 = 14142 =4 | Pl 4+8=12
MI>M3 =3+1+4 =8 | P2 8+8+4 =20
[]—E] MI1>M4 =0 P3 44418 =16
12420+14 = 48
M2>M3 = |4-8| = 4
] s
M2>M4 =1+142 = 4
M3>M4 =3+144 = 8
MI>M2=2+1+4=7 | Pl 245=7
MI>M3 = [+143 =5 | P2 54547 = 17
EJ_E] MI>M4 =0 P3 74745 = 19
T+17+19 = 43
M2>M3 = 15-7| =2
(2] il
M2>M4 =2+1+4 = 7
M3>M4 =1+143 = 5
MI>M2=1+1+2=4 | Pl 0+8=8
MISM3 = 1+1+2=4 | P2 448+8 =20
L1} MI>M4=[4-8{=4 | P3 4+8+8 =20
8+20420 = 48
: M25M3 = 0
[3 4]
M2>M4 =3+144 = §
M3>M4 =3+1+4 = 8
MI>M2 =1+143=5 | Pl 0+7=7
MI>M3 = 14143=5 | P2 S+747=19
E MI>M4=|7-5|=2 | P3 54747 =19
7H19+19 = 45
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N Machine Calculate distance Distance to Carry | Total distance
MI>M2=1+1+2=4 | P[8+8=16
MI>M3 = |4-8} = 4 P2 448+0=12
[]—EI MI>M4 = 1+142 =4 | P3 44048 = 12
9 16+12+12 =40
M2>M3 = 3+1+4 = §
4
M2>M4 =0
M3>M4 =34144=§
MI>M2=1+1+4=6 |Pl6+6=12
MI>M3 =16-6| =0 P2 0+64+0=6
[]*E MI>M4 = [+14+4=6 | P3 6+0+6=12
10 12+6+12 = 30
[:'——‘EI M2>M3 =2+143 =6
M2>M4 =0
M3>M4 =2+143 =6
MI>M2 =[5-7] =2 Pl 740=7
MI>M3 =1+143=5 | P2 510+7=12
4 -
[ﬂ—m MI>M4 = 1+143=5 | P3 24740=9
{1 741249 = 28
M2>M3 = 2+1+4 =7
E] E +4
M2>M4 =2+1+4 =7
M3I>M4 =0
M1>M2 =|6-6|=0 Pl6+0=6
MI>M3 =1+144=6 | P2 6+046 =12
E MI>M4 = 1+144=6 |P3 0+6+0=6
12 6+12+6 = 24

i

M2>M3=2+143=6
M2>M4 =2+143 =6
M3i>M4 =0
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Command Window

omnlommw:duuism:eemmumdw
number of machine : 4
number of product : 3
Fij =
A
0 1 1 1}
1 0 1 2
1 1 ] 3
o 2 3 D
Dij =
1] 4 S &
4 1] [ 7
5 [} 0 a
19 7 ] 1]
Rowl : 3 2
RowZ : 4 1 |
t_dis =
24 Meters w

q 1 L A e L] 4
i 49 uasrwadnin1dvinTlsunsuvessietie 4

Prodact o 1
ian
Haa Produny I
4 Finkah
Selact Langraga Selecl Sruchas
_en | o] Posme ] compe| ||
—
P R T T ol = —— - - _ ol
m:ll-d-m[ o Prodond L L Ortdnone [ 4 froc -
— — K Vilmsia Promcts SN ST - W S
. o, ’—- Co. 2 2m sk, ! Macting seqence | 34 7
e [Py i
Lergth (uderr) Mkl ——— 7
r- Rowst 32
o I C"“'I Rowz 44
Froant— dtetcer 2Mases
Productig. [ L -
: - Machine Leyout
Machint coummon [~ !
Eny R
=== [0 |
T T T A5

=i U

- . l- . 7 — o - 1] ‘! -
UM 4.10 uamennmIiIYes GUT 9@ 4



65

i ' ] o - o
111 4.9 wag 4.10 naaamistramiveaTsunsu doruannsoduna T8 wan 1dduil
o <l P 4 A4 o d & o d
anwaeandesfusai Idenmsd i lumaadl 4.4 ufieinioednsfi 3 unzinsoednin 4 gn
o o o g W o w 4 o d 4 o d
#9919 1ns sthwiuTauSalviiganinarnsetu infesdnaht 2 1amedivnveanioadni 3
4 d A o d 4
unzIngeaingh 1 namedunvsanieadni 4 muilii 410
g L] : y 1 lw J 0‘: ] A
vindpdinaddidunndii lilsunsuidahtniuaunsednuldediagades Tasiina

A o d 4 .
vsImiFouniesdnsn Aaeandoatunai1a lavmsfiuow



-
unns

agluazimemsiann

5.1 agdmamsduiivau

TuTnssoniiidam Milsunsudwdedszaunsdndudld (Gun edaudne
mazandedldeninllumsesnnuumsiadvaniesiasimunnn@es (Singlerow
Layout) 1azUUUABINA (Dovble-row  Layour) Tasdauderszamnsfindug14i1dgn
FanndudaoTilsunsy MATLAR wansfimeaad idon I suasuiiannduniluensine:
wamadrduveunisednilunissanauds Tisunsuanumsonaamnssuyesszoznian e

¥
ar N b -3 A e o e oi
IMMLARIAINITIAGINNTBTNS Ty juuuveswunmluaeliddnd e

5.2 UMM IHAIN

o ] [ ! z
L msAnmngliuumsnadansadnsiuuna oo (Multi-Row Layout) inzfuneu

o, ad i 9 A L Ad
W lumsnedaniosing hunwdue iwu GA ACO RIP wieuwy Tasaadreiii Taaa gy

1 b o a o A o o l: dv

2. luduwesifaimsiaseanissdnsluglunuweairmin it 18 Tamautu Tnssadl

a ar A ar P d Jw
fidodia nanfle aunsouansravesmsiaivaniosiny 18 l0mu 10 1n%es uenaind 6

' g =t 1 PO | Ao
nuNvuIRYeAuN M ludaunisuaanaiivig B lddadauiimngaumnaiisiuam
4 ar J ar y o ¥ ar L4 A

wIeadnsuiniu duiudoulvannsmilassnuiindanndauvesnsuaamaie W14

o Y yy
ﬂf‘"—lﬂ1“VIU‘Uu1ﬂlﬂﬂ]zﬁua‘lﬂs].llﬂia\lﬂﬂsn”ﬁ1“'3"”1ﬂ1’u

A 0” . A J L4 o d' L 1 1 A -~
3. e nduneudtn ¥ lulnssnviiefeilodunoafuisosiesenhansosdns
A o - - o 1 - o A ao
IRUDUATOIINT TN Tumeaha Taeludriisoeiledududy 019 iu nanlu
a A 4 o 4 o & wd
nMsnda Yuafiuiiies viednuazginisveunieadns udu dniy difiaawauls

o o A o 4 dy va L 4
musmiiledvou 9 11111’5"1Jizn0u1umimu‘m ma'lﬁﬂan'lﬁnmmqnﬁmmmz'duuwu

=1 [ 3 A @ § d:'n 4 el
4. Wnsdtlimsfanansesinadfufifouioonds mndldnudesnisiunioadns

»
as et o ] [ - .
1 1y mandenidiunen3sou undaotragu Minimum tree Algorithm 3114 3un 588 MUY

I | A w E A 1 f w A o dae
Autmusnsveunsodnsiu e L lMnsenunsedoudedvouniastnsntans i



(1

{2]

[3]

[4]

67

Y
19N 10 NDS

Andrew Kusiak, “COMPUTATIONAL INTELLIGENCE in DESIGN and
MANUFACTURING”, John Wiley & Sons, Inc. New York, NY, USA, 2000.

Andrew Kusiak, “LAYOUT OF MACHINES AND FACILITIES", [Online}.Available
: http://www.icaen.uiowa.edw~ie166/Private/Lecture/Chl2.pdf

Rasmus Andersen, “Solution methods to the machine layout problem”, Technical

University of Denmark, 2006,

Thomas HAMANN and Francois VERNADAT (1992), “The intra-cel Layout
Problem in automated Manufacturing systems”.[Online). Available :
hﬁp:/fhal.archives-ouvenes.fr/docs/OO/O7/49/S7/PDF/RR—1603.pdf.



	title
	abstract
	content
	chapter 1
	chapter 2
	chapter 3
	chapter 4
	chapter 5
	references
	bibliography



