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The Study of Positioning of Battery Swapping of Electric Motorcycles Using Mathematical

Models

the Civil Engineering Project

Aa ¢ o a ¢ ¢ 1= <,
%’lﬂﬂi"&ﬁﬁ NIV, BIYNINT ﬁi?NN'lﬂﬂ(ﬂﬂf!az 219198nUInw1 36. A, N'IT‘H’D' Tammﬂ’muw

23 paaFrsmansnlys ﬂm:f?mnimmawf?Wﬁmnﬂimﬁnma’@ 2LAFIUNWY

Q 1
Unaaga
Tugdunlaniasdszaudymnnzlaniaundanuiwus
¥ s e e aa
andulunn 9 9 Fevildneiuinldomuwnuewidududn
A 4 A o ° wa o o
mMaianniliaaanansznudaiiwiasan liinmsvuanls
¥ . - Y
s muzianndu waiduwnssasiumadulevesyld
A & A o o AN oo =2
gumnrug i Aanndwses 9 dwsulassnuitlévinnséinm
LAZIATIERA A RN IR RRA LU ALA BT FATL
ToanTeuuud MW anaUruaIdanINNdaINTINa IW
ATauAguNTIMNRIUAT IEneTuuuinamwadiamaad
TaolfuuuitaadlUsunsudadus i@ iU UNgRany oy
TassuiazaIn Az i d LR aINRaa L L LAe 83N
WANIZFNIINAMAWINLIRULININNA 46 Funibd LT ITY
anudaImIldnnaninualunmwanuas $1um 50 e
L‘ﬁa‘lﬁﬂiamqummﬁaqmimuluﬁuﬁn;amwumuﬂs Toyah
IHlumsiienesidudayarnglinumninsuoud indues
139N ETRAN(Thailand) 4110 tdaddunuinaasaianiiiiy 4
wisialiasauaquniamuumuasuaznndelilaineuoud
. v & aa X X o .
TirAdndudasasaanilimniuay lueakaansaliduusia
wngaulanazasaniimiaunaimaiuuussuiialwifaeldine
A o A A o o o &a
flszndafigaiianauauasanudainslisninueudiunn

¥
Juluauna

o o o =1 o d' o o
AFInY.FnFAULLMAST, ININTLIULUA WA, wuLTIAaY
ATAMEanS3, WUUF18aI UTUATU BN A UT I VMY

NRNNT1

Abstract

As the world is currently facing increasingly severe global
warming issues each year, turning to electric vehicles has
become an alternative to reduce the environmental impact. This
has led to a growing adoption of electric vehicles to
accommodate the increasing number of users. For this project,
we have studied and analyzed the location of battery swapping
stations for electric motorcycles to meet the demands in each
district within Bangkok, using mathematical modeling by
employing mixed integer programing. This project will enable us
to identify the most suitable location and for battery swapping
stations from the 57 positions we are interested in, to support
the needs of all 50 districts in Bangkok and cover the entire
area. The data used for this analysis comes from the electric
motorcycle users of ETRAN Co., Ltd. Initially, it is found that
four additional charging stations are needed to cover the entire
Bangkok, and if there are more electric motorcycle users, it is
necessary to increase the number of charging stations
accordingly. This model can provide recommendations for those
interested in setting up alternating battery charging stations to
achieve the most cost-effective solution to meet the growing

demand for motorcycle usage in the future.

Keywords: Battery swapping station, Electric motorcycle,

Mathematical modeling, Mixed integer programing



o
1. UnNw"
1.1 UMV Uz AIWEATY

quﬂﬁﬁlqﬁumanﬁm‘"ﬂLN%iyﬁ'uﬁtymmiLﬂﬁﬂmmmamw
amausznzlansauifnansnudesniwwaadoaaslan ns
wnanlfoumnusifnansznudefsuaadautosa iz
mménﬂ“’ryamaﬁ'a NNTOYIVBINTUNITVUIINIILN WU M3
sanzifousasnsonsnd Wi Ruduogrsdaioslundasd
Togiawnzludn.a. 2562 Avnduis 6 wiandneunth

foanuaslalumsdsasumsldoumnus i Tassomil
Sefidmanalumsfnsuszirmaduniefimanzandiniunis
ssannitasunuaaesuazanniim s Wi dnuIns TR
T lunsanwamuas MEI3IIURT NNz AL e
TiglFsndnssuoud Iiaunsadunasnuadnsazainuasd
UszdnFnw Yfaﬂ'ammmdaLﬁ?u‘lﬁﬁQtﬁaﬂlvﬁmuwmu:vlwﬂw
AN

NDADLAHEIANABINITAINET? Iﬂiamufﬁqﬁqmjwmﬂ
lunsAnsnasduridunisnmanzaulunisassaniasy
wuataasuazaafanialidrdnsusasnssnoudlninly
nyamwumuas lagdiafsnnuidglunisliuinisisesiu
mmﬁaam‘smaa@%muwmu: wiaunadnilefisanldinouas
fasnaeny o

navaslassuitezgasliingss HOUATEUY uashahuayui

iagmv‘v‘lmﬁﬂumi’mLquLLa:wv@umamﬁu?msﬁﬁﬂi:ﬁw%mw
fmsusnsnsEuoud i uananit naawinldanlassnuites
mminﬁﬂﬂﬂ%’uﬂgdLLa:w?ummﬂﬁﬂms'ndLwa‘hLmﬂmmﬁ
UM 9 fifisadastuomwinue i

1.2 Ianuazavd

LNANHILAZAWAIATILAUINLANIZRUEIRTURDIARAL
wuaiaad WihdamivTninsmusud dlunsamwaniuas lag
Avandasinauazifaspndayeas 9

1.3 VOULYNIIUTTY

1, Imamuf:tflumi’imi’l:ﬁmimﬁ;@ﬁmfdﬁmﬁﬁé’u wuaLaas
snansousud i luudazinanmolunsanwmuaslasliife
flddee uﬁq@memmqunﬂmemmnymmumum

2. sakudnnlunguvasdldindnsoueud iWivanisn
ETRAN(Thailand) 11@

1.4 Uszlomininadnezlasy

1 NTUDIF IR RNN AN IRTURaa s aa UL UaLa 8T
snansmuoud WAlungamwanuas
A v Ao o o A a A wdA A o
2. alwinddn, dnwamnanuimslndn, wiadifisdas
aunIniwaansnnwiseilddszgndldlunisdiudyouas
NaWFnRUINT

2. LONAITIRILNLNYITDI

Tumssarlassaulumsmdunissamanitgsuuuaiaes
TWidmivsnansoweud i nslungammw 4 INaAaLAE
anudamMadunasnuaglisninssusud W luawaalas
IO RIS R ﬂiumﬁ@mzaﬁaﬂﬁqmm:maum;wﬁuﬁ
NINWUAIUAT LﬁaamnmvlﬁtﬁaLﬁuiﬁ@%“ﬁim‘fﬂsmﬂwﬁw
w‘w"wmnfulmwia:iﬂ@r_lgmﬂé’mnmia@ml,ﬁﬂuuazmwjfmmz
ﬂ“’um‘lﬁmm’fﬂuamﬂﬂ‘[mf;l;ﬁ'@ﬁﬂﬂsumﬂﬁﬁﬂmﬁuﬂiﬁaya
NWisE AT Anaesesi e Izd@daNanas

#1571 WIBNNLITEI A9

2.1 Designing an Optimize Electric Vehicle Charging Station

Infrastructure for Urban Area: A Case study from Indonesia
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2.2 Optimal location of charging stations for electric vehicle in a

neighborhood in Lisbon, Portugal
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import pandas as pd
import math
import csv
import numpy as np

def distance(latl, lonl, lat2, lon2):

phil = math.radians(latl)
phi2 = math.radians(lat2)
delta phi = math.radians(lat2 - latl)
delta_lambda = math.radians(lon2 - lonl)
a = math.sin(delta phi / 2)**2 + math.cos(phil) *
math.sin(delta_lambda / 2)**2
* math.atan2(math.sqrt(a), math.sqrt(l - a))
d=RrR*c
return d

math.cos(phi2) *

df_latl = pd.read_csv(
df_lonl = pd.read_csv(
df_lat2 = pd.read_csv(
df_lon2 = pd.read_csv(

s_latl = df_latl.iloc[:,0]
s_lonl = df_lonl.iloc(:,0]

output_file = "Distance(2).csv

with open(output_file, 'w', newline='') as outfile
writer = csv.writer(outfile)
writer.writerow({”"] + list(range(len(df_lat2)))
for i in range(len(s_latl))
row = [i]

latl = s_latl.iloc[i]
lonl = s lonl.iloc(i]
distances = []

for j in range(len(df_lat2))

lat2 = df_lat2.iloc[j][ 'Latitudes’]
lon2 = df_lon2.iloc[j]['Longitudes

dist = distance(latl, lonl, lat2, lon2)

distances.append(dist)
row.append(dist)

writer.writerow(row)
print(f'Distances from fixed point {i): (distances)")
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Variable type constraints

x; ={0,1}
y;={01}

w = {0,1,2,3,...,80}
2;={0,123,..}
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