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ABSTRACT

AOF Electric & Design Co., Ltd has conducted its business by import electronic
components to distribute for the customers which are electronics manufactures in Thailand. The
case study company is facing high logistics cost problem, originated from several customers’
locations disseminated around Bangkok metropolitan area as well as in some suburb areas.
Therefore, the company aims to decrease logistics cost in parallel with increasing sales.

Optimap is developed by a Norwegian website developer namely : Geir K. Engdahl.
It was designed by using google map collaborate with Ant colony theory (when the destination
points more than 16 points) and dynamic programming theory (when the destination points less
than 16 points). From the experiment using Optimap with case study data set, the results show the
improvement from existing planning route (Nearby Area); 9 routes per week, total travel distance
1s 1,275 km. and travel time is 48 hours 21 minutes. The obtained results are reduced to 8 routes
per week, total travel distance is 1,149 km. (decrease 9.95%) and travel time is 46 hours 49
minutes (decrease 3.17%), which leads to overall logistics costs reduced around 9.86%,
approximately. Furthermore, this means the faster time delivery and better customer satisfaction,

which gives more opportunity for expanding the business in the future.

Keyword : Optimap, Ant Colony, Dynamic Programming
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Nest Food|[Nesi_==-s=======c==o-n ® ® ® TFood
a) All ants are in the nest. There is b) The foraging starts. In probability, 50%
no pheromone in the environment. of the ants take the short path, and 50%

take the long path to the food source.

Mest ——g———========= O Food|Nest ——v.-‘——'.'-.'" el LLy Food

LY

c¢) The ants that have taken the short d) The pheromone trail on the short path receives,
path have arrived earlier at the food in probability, a stronger reinforcement, and the
source. Therefore, when retuning, the probability to take this path grows. Finally, due to
propability to take again short path is evaporation of the pheromone on the long path,
higher. the whole colony will use the short path.
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) an i g g
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<3 [ =y ] [
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0, otherwise
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https://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%88%E0%B8%B3_(%E0%B8%84%E0%B8%AD%E0%B8%A1%E0%B8%9E%E0%B8%B4%E0%B8%A7%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C)&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%95%E0%B8%B4%E0%B8%9A%E0%B9%82%E0%B8%95%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%9F%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B9%8C%E0%B8%8A%E0%B8%B1%E0%B8%99%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%8A%E0%B8%B5%E0%B9%89%E0%B8%81%E0%B8%B3%E0%B8%A5%E0%B8%B1%E0%B8%87&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%95%E0%B8%B4%E0%B8%9A%E0%B9%82%E0%B8%95%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%9F%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B9%8C%E0%B8%8A%E0%B8%B1%E0%B8%99%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%8A%E0%B8%B5%E0%B9%89%E0%B8%81%E0%B8%B3%E0%B8%A5%E0%B8%B1%E0%B8%87&action=edit&redlink=1
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MITAUFUNWVUAITUA AT TUTUNTUTINATA N1TIUHUNITVUTITUAN

Y Y Y v Y v 9
HzAoINHUATIUIUTUADY (Stage) TABTUADUITUAUAD TUADUN 0 LATUAAZTUADY

Y 3 3 = A o v ¥ = 4 9 a D,
gamoaziuruaoui n-2 Tag n ADTIUINGNANINUATINDIPAGUAUNTIAUNIIAILY LAy
9 H v
lunaazyunousziianiug (state) Avvmzilagiivegnyala oz lidonyala uazluuaaz
A A . = Yy A A Aa Y A o q ¥
A01UL0NUNANIADN (Alternatives) FI9zADIUADN TUMBBRNNAUNITRENGA 9271119
9 Y Y
I&wanouunu (Return) 1InMIB@oNIY MmuInIznsziiang fuliyniuaoulagly

4
aumsdousn (Recursive Equation)

£GAst ) =min £, (k S-k)+dy} 5)

KE&ES

o <3 o { 1 @
uaﬂumimuamiauqﬂ‘ﬁ'wwgﬂumimmmNai’ma'wxmqﬁwmummwzvm

A a @ A 9 9 A
NAUNNNGUIAGNAY TFaun1n (6)

min  {f,(j;N)+d,} (6)
j=23..N

o oA g a v =~ v o '
AIDYNN 1 ABINTITINUNUNITNITZIYAUAIIN Depot AN 1 ll‘]JEJ\WHLL“I’i’LN@N”]
Y o a ~ 1 T [ A
VOIQNATIIUIU 5 99 TagaUN NSO LAY JTYTNNITHINYAANC HEAIAS A1 19N

=} o w ) 1 1A 9 9 a U= Y = Y

2.1 Wisssaaumuruamsvuasaun lagliszoznelumsaauniuudsgumsiuiiaios

figa (lwysd A3 Tewns, 2554)

MIN 2.1 FEILNNILTHINYAANE : 11190 N ans

1 1 2 3 4 5
1 0 3 1 5 4
2 1 0 5 4 3
3 5 4 0 2 1
4 3 1 3 0 3
5 5 2 4 1 0
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(2

2 ° Yy v oy g
i]"mﬂm@mumﬁmu’smmmullﬂwamu

Stage 0
£2, )=d,=3(1) mﬂfgm?i 1 "lﬂfgﬂﬁ
£3, )=d,=1() iﬂﬂfgﬂ‘ﬁ 1 "lﬂi;ﬂﬁ
f£(4, )=d,=5() i]mfgﬂ‘ﬁ 1 llﬂi}ﬂ‘ﬁ 4
£(5, )=d,=4(1) %1ﬂfgﬂ°ﬁ 1 "lﬂi;ﬂﬁ 5

Stage 1
£Q2, BD=£G, )+d,—1+4=5(3) vn3aii1 luqail 2 1 190 Aeqai
£, 4D =14, )+d,=5+1=6(4) mﬂﬁm‘ﬁ 1 hlﬂﬁ;ﬂ‘ﬁ 201U 199 ﬁa@@ﬁ 4
£2, 5D=1£(5, )+d,=4+2=6(5) mﬂﬁm'ﬁ 1 hlﬂﬁ;ﬂ‘ﬁ 201U 199 ﬁ@@@ﬁ 5
£G, 2D =£2, )+d,=3+5-8(2) 9nyaii1 l9ad 3w 1 90 Aegad 2
£G, 4D =f@, )+d,=5+3-8(4) vnyaii 1 lgadl 31w 1 90 Aeqaii 4
£G, 5D =65, )+d,—4+4-8(5) nnyaii1 l9ad 31 90 Aegad s
f4, 2H=£f2, )+d,=3+4=7(2) mﬂi]ﬂ‘ﬁ 1 "lﬂfgﬂ‘ﬁ 49U 179 ﬁaimﬁ 2
f4, 3H=£3, )+d,=1+2=3(3) mﬂi]ﬂ‘ﬁ 1 "lﬂfgﬂﬁ 40U 179 ﬁ@i}ﬂ“ﬁ 3
f4, 5H=£05, )+d,=4+1=5(5 mﬂi]ﬂ‘ﬁ 1 "lﬂfgﬂ‘ﬁ 491U 179 ﬁ@i}ﬂ“ﬁ 5
£5, 2D =£2, )+d,=3+3-6(2) vngait 1 lgadl s 1 90 Aeqaii 2
£5, BH=£3, )+d,=1+1-23) nyaii1 lgad s i 1 90 fegad 3
£(5, 4 =4, )+d,=5+3-8(4) vnyaii1 lgadl s w1 90 Aeqaii 4

Stage 2

£2, {3,4}) =min{f,(3, {4}) +d,, , £,(4, {3}) +d,, = min [8+4, 3+1] = 4(4)

32
A A ] A A A A 1 A
1ngah 1 11yad 2 Miugah 3 vie 9ngad 1 luyad 2 diugad 4

£,(2, 13,5} =minif (3, {5}) + d,, , (5, {3}) +d,, = min [8+4, 24+2] = 4(5)

32
A A v A A A A 1 A
1ingah 1 liyad 2 Miugah 3 ie 2ngad 1 lilga 2 iugad s

£,(2, 14,5}) =minif (4, {5}) +d,, , £,(5, {4}) +d,, =min [5+1, 8+2] = 6(4)

42 >

A A ] A A A A 1 A
1ngah 1 l1yad 2 Miugah 4 vie 1ngad 1 lilyad 2 diugad s



£(3, {2,4}) =min [6+5, 7+3] = 10(4) 91n3A7N 1 Wead 3 Fugah 2 W30 91ngan 1 Weadn 3 Fugan 4
2 a q a Q Q q

£(3, {2,5}) =min [6+5, 6+4] = 10(5) 91n9A7N 1 1eadn 3 F1ugad 2 w30 91ngan 1 lyadn 3 Fiugain 5
2 a q a Q Q q

£(3, {4, 5}) = min [5+3, 8+4] = 8(4) 91nyAN 1 Wyan 3 fiugah 2 3o 91ngan 1 llead 3 Fugah 5
2 a q a Q Q a

1]
a 1 = A =

£,(4, {2,3})=min [5+4, 8+2] = 9(2) 9ngah 1 lgan 4 iy 2 vie 1ngad 1 Tgah 4 Miugai 3

a

£,(4, {2,5})=min [6+4, 6+1]=7(5) 3ngah 1 lgan 4 iiugan 2 w3e 11ngad 1 ligah 4 kiugad s

£,(4, {3,5})=min [8+2, 2+1]=3(5) 9nah 1 lgan 4 iy 3 vie 9ngad 1 Tgah 4 Miugai s

£(5, {2,3})=min [5+3, 8+1]=8(2) 9ngah 1 lilgah s g 2 w30 11ngad 1 lygan s Hiugan 3

£(5, {2,4})=min [6+3, 743] =9 (2) 9N 1 lilgad 5 iy 2 wie 91ngad 1 Tlgah s Wugah 4

£(5, {3,4})=min [8+1, 3+3] = 6(4) 9nyaN 1 ligah 5 iugan 3 130 91ngan 1 Tgah s Wiugad 4

Stage 3
=min [8+4, 3+1, 6+2] =4(4)
vingait 1 ligadl 2 dugadi 3 w3e a1ngadt 1 ligadi 2 Mugail 4 wieningai 1 Tilgaii 2 dugadi s

£,3, {2,4,5}) =min [6+5, 743, 9+4] = 10(4)

vingah 1 lilgad 3 dugei 2 e vngan 1 lilgah 3 diugai 4 wSeaingad 1 lugad 3 Miugad s
f,(4, {2,3,5}) =min [4+4, 10+2, 8+1] = 8(2)

d' = ' a A d' = ' a A a = ' a
vingad 1 Tyah 4 diugai 2 wie vingan 1 1uyad 4 diugan 3 wieaingai 1 lilgad 4 diugei s
£,(5, {2,2,4}) =min [4+3, 10+1, 9+3] = 7(2)
vingah 1 lilgah s dugei 2 vie vingan 1 lilgah s dugai 3 uSeainyad 1 luyadn 5 Miugad 4

uazMsMuUINTOUgANIe Nj=2,3,4,5

a Y

=262, {3,4,5)+d,]=[4+1] = 5(2) *** 1n9af 2 nav lNyaisudu

= a 9

4 o
1y 3 nau lngaiGudn

9

i=3 =2 I£3, {2,4,5)+d,]=[10+5] = 153)

j=4=>[£4, 2,3,5)) +d,]=[8+3] = 11(4) 11907 4 nau lNyaiEudu
i=5 265, 12,3,4)) +d,]=[7+5] = 1205 11n9af 5 nau lNyaiEudu

v 9
[

MMsdousos (Back Tracking) HUAUNWMAUAUITDVUAIFUMNTUNYA

p——
De
e

|—™2—>4—>5—>3—>1
|—™>3—>5—>4—>2—>1

1 1 1 1 1

aauNAN o UNaU

FTILNNMITUUFITIY 5 0 laas
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Faruque and Sarker (2011) ouTsunsulaslianidaniugnssuun lfuddaymnstaduni
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3.1 YuAdUMIANEIASINUVDYA

9/31/ o Y

3.1.1 59u5mdeyagnmnanuams i tazsnudumndesdalundazya

U

' Y

9 Y

ngugnmaulrguesusEnnstiany I uzeg lunuRusnangunn USumma
dy A Y A o = 1A Y ' o Y o o Y a 1A Y

saziunlndifes Taenwusvneeszlisodeduanedsy 2 aul3dmsuldusmsvudedua

[} 9

Faenunsogaum e Inelszanamanua 4,284,000 aU.wu.(VUIAANYINTZUZN 19 120 @,

617210 . g9 170 a0.) Tasdumnazshnmsvudeazussyoglunasanszauifivinaaieny

AUATNN 3.2

d' a Y o @ Y a v 2 1 Ja o a J
MNN 3.2 3ﬂﬁuﬂ1ﬁ1‘ﬁ3ﬂi°ﬁﬂiﬂTﬁ"lluﬁ\‘lG]fuﬁ'JuL!agQﬂﬂﬁﬂ!ﬂlﬁﬂﬂiﬂuﬂﬁ

9
v

a o Y 9 9 = =)
ﬂTQUiB‘V]MlﬂlIﬂTﬁi?Uﬁ?Mﬂl@HaﬂlﬂQ@lﬂﬂfluﬂ NW.A. 2559 WUNUITUIUNINUA 56

= ° [l 9 a Y Aq U a Y Y
318 Tﬂﬂﬂ‘ll@isl‘aﬂulﬁU\ﬂJ@QQﬂﬂ'] Usuasvesgum L'Ja']“ﬂi‘b’iuﬂ’liﬁﬁﬁuﬂT U UNINNIT

VUAUAVVDIVS HNUAAIAIAITIN 3.1
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Y
(4

M5190 3.1 Joyaanuiasvesns

@ Y

ngna1 Usuiasaumndesvuds waznarnldlunis

asdud
. nalumsag
e azAgn: ae9AA PBnasaum @au.wi.) YA
aum (1)

1 13.673749,100.523486 ﬁ@?ﬂﬂﬁlﬂauﬁﬁ

2 13.921246,100.690854 627,200.00 15
3 13.839424,100.569170 752,640.00 15
4 14.050201,100.606647 680,960.00 30
5 13.813472,100.548839 179,200.00 30
6 13.616886,100.349141 247,050.00 30
7 13.956871,100.549584 1,218,560.00 45
8 13.980208,100.558294 573,440.00 30
9 13.735137,100.576624 896,000.00 15
10 13.708803,100.751688 215,040.00 30
11 13.673929,100.543589 648,506.25 15
12 13.868782,100.560568 339,693.75 30
13 13.805857,100.038993 555,862.50 15
14 13.739427,100.256069 412,160.00 15
15 13.736259,100.258861 806,400.00 15
16 13.980856,100.565458 322,560.00 30
17 13.979649,100.556360 408,000.00 30
18 14.074600,100.614772 806,400.00 30
19 14.117214,100.599753 215,040.00 30
20 13.654085,100.645896 1,088,000.00 30
21 13.668124,100.637945 286,720.00 15
22 13.735377,100.645241 308,812.50 15
23 13.748706,100.638112 277,931.25 15
24 13.556779,100.657315 524,981.25 30
25 13.549032,100.671779 430,080.00 30




M3199 3.1 (719)
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4 R - - nalumsas
90l afga: aoIAga PBnasaum au.w.) Y A
aum i
26 13.887626,100.574261 816,000.00 15
27 13.780296,100.278229 494,100.00 30
28 13.797301,100.319444 432,337.50 30
29 13.748716,100.583441 645,120.00 30
30 13.774400,100.799235 617,625.00 30
31 13.744085,100.507844 1,182,720.00 30
32 13.742156,100.509303 1,021,440.00 30
33 13.745554,100.498354 648,506.25 15
34 13.831652, 100.538483 401,456.25 15
3] 13.710426, 100.399046 308,812.50 15
36 13.671596, 100.456614 519,680.00 15
37 13.965825, 100.585582 591,360.00 15
38 13.750300,100.537309 663,040.00 15
39 13.570854, 100.783496 370,575.00 30
40 13.577821, 100.785577 680,000.00 30
41 14.006830, 100.562294 340,480.00 30
42 14.123734, 100.598441 339,693.75 30
43 14.048627, 100.618646 524,981.25 15
44 13.442088, 101.026751 483,840.00 30
45 13.437726, 101.011977 501,760.00 30
46 13.426915, 101.035602 339,693.75 30
47 13.579104, 100.923005 494,100.00 30
48 13.583766, 100.927339 1,088,000.00 30
49 13.582983, 100.930258 788,480.00 15
50 13.580428, 100.935762 358,400.00 30




M3199 3.1 (719)

24

4 R - - nalumsas
90l afga: aoIAga PBnasaum au.w.) Y A

aum i
51 13.579542, 100.932607 408,000.00 15
52 13.625629, 101.025685 277,931.25 30
53 13.610697, 100.971837 339,693.75 30
54 13.758575, 100.790063 494,100.00 15
55 13.764666, 100.787459 322,560.00 30
56 13.762782, 100.785480 544,000.00 30
57 13.669214, 100.519458 586,743.75 15

3.1.2 WUAUNNMIYUAD szeznesutazaunudmsuduniilogiu

9 i1
Tagidunumsvuaadagiviuialasldismsaaaziunnmsdod1sszning

H v Y H
winOudusamaz g szamay alinamua 9 1dun1e naanin1sei 3.2

M99 3.2 aztidunemsvudauau

ITUYSNNIIN ﬂ‘%mm?m?h Uszanauran

IR (M3.) (V.91 Faving (au:
RT))
1-6-35-15-14-13-27-28-36-1 198 3,776,402.50 6:52
1-11-31-32-33-38-1 45.7 4,164,212.50 3:16
1-16-18-17-41-4-43-19-8-42-1 247.8 4211,555.00 9:07
1-5-34-3-12-26-2-1 118 3,116,190.00 4:27
1-20-21-22-23-10-54—55-56-30 -1 128.4 4,154,788.75 6:24
1-47-48-49-50-51-53-52-1 163 3,754,605.00 5:42
1-44-45-46-1 166 1,325,293.75 4:03
1-24-25-39-40—1 105 2,005,636.25 4:31
1-57-9-7-37-1 104 3,292,663.75 3:59
JTETNIIIN 1,275.90 NI 48:21
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Export to Garmin

Dowanload the GPX file directly and put it in the GPX folder on your device:

Download GPX route file (Recommended!)
Download GPX waypoints file (Only if your device does not support routes)

Not all Garmin devices support routes. 1 the Garmin Dy 50
LMT. which does support routes, and I have tested myself. (If you purchase using
the link provided to Amazone. I get a small commission. but you don't pay anything
extra_ This helps me buy and test more GPS units with Optimap).

The old Garmin communicator - for legacy devices

Export Route Export Waypoints

The 'Export Route’ option stores the route on your device. but you may still have to
smport it under Tools' - My Datal - Tmport Route from File'

The 'Export Waypomts' option cmm\qaypmms named 'OptiMap 001" etc. 1n the
favourites on your device. Be sure to delete all previous OptiMap waypoints before
using this option, since you won't know which waypoints are from a previous frip_. =
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Download the .GPX file. then upload it to mydrive tomtom com:

Download GPX route file

For instructions on how to download the .GPX file to your TomTom, see Optimap
FAQ.

This feature should be compatible with the following TomTom devices: GO 40. GO
30. GO 51. GO 60. GO 61. GO 400. GO 500. GO 600, GO 510. GO 610. Rider 410,
Rider 400, Rider 40. GO 5000. GO 6000, GO 5100, GO 6100, Trucker 5000, Trucker
6000. START 40. START 50. START 60. Start 42. Start 52. Start 62. VIA 52. VIA 62.
GO 520 Wi-Fi, GO 620 Wi-Fi, GO 5200 Wi-Fi, GO 6200 Wi-Fi. I have tested and
verified that it works on TomTom GO 5100, which also supperts wireless route

. but is not available in the US.

For lezacy TomTom devices vou can try Tom Tom Home (T don't know if this still
works)
 Tomrom @ | Dovwnload itinerary file

MWMANYIN V.1 14 §2061911 19018015 180N Send to Tomtom (li IMiFeudngilnsal)

€ C (1| ® gebwebinet/optimap/ *| :

! Apps G Google [ #owss HE OptiMap |Routs Plar () Neonatal transport in- Event New-Aof - Goo
TUSET DY Gougre

Stop seeing this ad [[NTSEGEEERG |

» Destinations

wemdt v

nAya
daTe

» Travel Options

e - < 20| - Ll
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View in Google Maps
Toggle raw path output
Raw path with labels

Optimal address order

Optimal numeric order

Send to Garmin

Send to TomTom

Toggle csv durations matrix

0, 2025, 2420, 2059, 3414, 2325
2012, 0, 2272, 2992, 4698, 2972
2459, 2500, 0, 2904, 5366, 4154
1898, 3147, 3134, 0, 3472, 3451
3715, 4796, 5342, 3465, 0, 2841
2563, 3402, 4315, 3716, 3269, 0
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Trip duration: 4 hrs 27 min

4 Trip length: 238 km (148.2 miles)
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= 35) T
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100.46751289999997) Trip duration: 5 hrs 23 min

Trip length: 278 km (172.8 miles)
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Help

To add locations, simply left-click the map or enter an
address either in the single address field, or in the bulk
loader.

The first location you add is considered to be the start of
your journey. If you click ‘Calculate Fastest Roundtrip’, it
will also be the end of your trip. If you click ‘Calculate
Fastest A-Z Trip', the last location (the one with the
highest number), will be the final destination.

To remove or edit a location, click its marker.

If more than 15 locations are specified, you are not
guaranteed to get the optimal solution, but the solution is
likely to be close to the best possible.

You can re-arrange stops after the route is computed. To
do this, open the 'Edit Route’ section and drag or delete
locations.

Don't hesitate to contact me at geir.engdahl@gmail.com
with questions, bugs and feedback!
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iy lad 18

- About

New! FAQ about Optimap.
How it works: Behind the Scenes of OptiMap
Use on your website: Optimize Your Trips

The solver source code is available under the MIT license.
If you are interested in knowing about updates to this
code, please subscribe to this mailing list.

You can specify a default starting position and zoom level,
by adding http GET parameters center and zoom. E.g
https://gebweb.net/optimap/index. phplcenter=
(60,10)&zoom=6.

Up to 100 locations are accepted.
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Trip duration: 6 hrs 26 min
Trip length: 284 km (176.6 miles)
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Trip length: 260 km (161.7 miles)
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Trip length: 265 km (164.7 miles)
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