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A Study on the Optimal Location Selection for Hydrogen Refueling Stations on
a Highway using Machine Learning

mAY . P

Jo, Jae-Hyeok - Kim, Sungsu

Abstract

Interests in clean fuels have been soaring because of environmental problems such as air pollution
and global warming. Unlike fossil fuels, hydrogen obtains public attention as a eco-friendly energy
source because it releases only water when burned. Various policy efforts have been made to estab-
lish a hydrogen based transportation network. The station that supplies hydrogen to hydro-
gen-powered trucks is essential for building the hydrogen based logistics system. Thus, determining
the optimal location of refueling stations is an important topic in the network. Although previous
studies have mostly applied optimization based methodologies, this paper adopts machine learning
to review spatial attributes of candidate locations in selecting the optimal position of the refueling
stations. Machine learning shows outstanding performance in various fields. However, it has not
yet applied to an optimal location selection problem of hydrogen refueling stations. Therefore, sev-
eral machine learning models are applied and compared in performance by setting variables relevant
to the location of highway rest areas and random points on a highway. The results show that Random
Forest model is superior in terms of F1-score. We believe that this work can be a starting point
to utilize machine learning based methods as the preliminary review for the optimal sites of the
stations before the optimization applies.

Keywords: Machine Learning, Hydrogen Logistics Network, Hydrogen Refueling Station, Optimal
Location Selection, Preliminary Review Methodology
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Table 1. Decision Variables and Independent Variables

Variables Name

Description

Candidate for a
charging Station

Dependent
Variable

Expressway service station(1) and random point on highway(0)

Land price

Land price of Expressway service station areas and random points

Expressway route

Route name the points are located in

Distance from

Independent hydrogen sources

Distance between the points and by-product hydrogen sources

Variable
Distance from tollgates

Distance between the points and tollgates on the expressway

Distance from the 5

nearest points highways

Distance between each of the points and 5 nearest points on the
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Table 2. Process of Selecting Dataset for Analysis

Description

Initial dataset

- Hydrogen Refueling station candidate sites : 296 expressway service stations
- None-candidate sites : 600 random locations on the highway

Data Preprocessin . .
repr "9 2) Temporary service stations

- The positions in the below are excluded from the dataset.
1) Service stations which are not on the highway

3) the sites that land price data are not available

Final dataset

- 296 expressway service stations
- 485 random locations on the highway
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Table 3. Confusion Matrix

Predict o .
Actual Positive Negative
Positive True Positive False Negative
(1P) (FN)
Negative False Positive True Negative
° (P (T
oAl o= Zalo] thet 499l 71 0 E= 19] +
7IRI0IEE TFE9] Table 30 AAlE S=3d
(Confusion Matrix) 2 7Fstt HE A9E 278 -

oIck
B i) met BEYYO| THQ4

rjeal 2t} 7P= AR 1EEE SAAE maly
A

J BE0) ISKERE of5T 22012, FPE AR
£ DEERY0| A9 AHOIKIN Bl B30l
THERE ofE5T A9 WAk TvE A 3%
0] 491 A DUIEI 2R0] IR
o Rl AHOR o538 A WelLh FvE AR

VEEE FALE HE0] IS =49 v&?] NG|

T
hnkesy %‘7}6&: 0] S CIorAT A
OF HB(Accuracy), YL (Precision), A&
(Recall), F1-&42(F1-Score)7} THAIMY & oIt
OllA] LEEITE ofst 2=dd s HIg o2 471X H
7R EE0] AAS BElGHH TH2O| Table 49+ 2T,

A9l H1kE B sh=tl QU0] A H|oJEo]
A FelelA ol &5t 219 HIgS LIEh= Jeert
7Ve AHH O R Ofafsl] 41 & OIAI Haa]
Q1 TRolA = S A& 7ot wl F1-7
FE HAlEY Hg0] YU e egak= 20| v
HESICHOI8E- A8 2020). IHEE 2 ?01]
Az R B7HEE A1HE 5 AT, 2



Table 4. Evaluation Metrics

Evaluation .
. Formulation
metrics
Accurac TP+ TN
y TP+ TN+ FP+ FN
Precision i
TP+ FP
TP
Recall TP EN
Fl-score 2(Recall X Precision)
Recall + Precision

9] 4] ZAilof tieh & k= F1-Fol et &

EiU%l(Suppor‘t Vector Machine) & 37}7(] ]D# o}
ArE e vl QAME (Bagging Ensemble) 1t HE!

22t (Voting Ensemble) HP O 27FX|O|T}, O]
H HEES AdsiH Tkaalt At

rol

3.3.1. o|AFAH LI R (Decision Tree)
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TEE LR 728 35lo0] 518 B 3l 050
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olcHEEzr 9 2021). YAEEUR = E87Fsch

M

1|

F

5t HOJEIS ol RERFOR LI & of5 R
58 Algslo] BHES Ssolet], #2] t(Root

Node)OJA] A TOJEI7} BIR} &F2 thejo) LrER
LEF|O] OER9 AJEC] 591 9 L-E(Leaf Node) =2
IR RS A 0|5 LEES ThAlOoZ sk

4 o|ES AAok= HAlZ Y Z2FO|CHEFriedl and
Brodley 1997). Ol2{gt JAEELLIT B2 &7 &
Aofl 0] EF Halefd Egof| Hisl HIssskAL o <
4ot o& 212 Hol= 202 UERITHPrivam et
al. 2013). =8k, JAFEAUR = AtHE O & TeolH
M= A &st7] 219 SAE BlolH njold 5 thek
St ZOROIA = A= B85 o5 7IHOICKSharma
and Kumar 2016).

3.3.2. NEZEHE M4 (Support Vector

Machine)
NEZEHEMAIS E420] HE(Category) S 7HA]
=558 HolHE Sall Xge shssh = 018 EN

E HoHEs 7t & ERchke 359 £8H
(Hyper Plane)& ‘H&st0] =5 AHZ& HOE7
RlE mf s HolEe] MFE BRake Xkest
& 28 & SioICHPradhan 2012). 5, ZEHO|A]
71g 7Pk dWEE e Aol sigshks pR
(Margin)O] Z|th7} El%=5 5101 H|oJE9] Feks
For Boltl= Ft) npelel EHe ot H]O] =
1=

m
£
A1)
=
>
rlo
EJE

il
o

fol

S =al E%JQ] %’—@’SO]
=0} -L‘vjr?r TAIE sidok=t lof Ge] &85 al QU
OSHEIE 9| 2016), 53] o7l EF EA(Binary
Classification Problem)ollA] 71 £F 20| EIg5}
O] TIfet 2OlofA BFE FHEsk= 2AIE aidat
7] QIst BHHO=E XI5 ARGl Zo= UEIITH
(Cervantes et al. 2020).

3.3.3. K-£| 28 0|2 H(K-Nearest Neighbor)
K-Z|H0I2H 2 017 858 H|OJHE HIFZS
Z IS S5t & M2 HOoIE7 SRS o
g lolEIQt 7re et ClolEolA HlkE (Fre-
quency)’t =2 HEZ M2 HOIE7} ek W5

& 2 52 oSsh MY REolin 8 4 9

=2 20 T

Journal of Cadastre & Land InformatiX Vol51 No.2 2021) 93



R
=

1o

oN
0x

+

CHUER - E 2018). olf 7Fa st HlolHE
Adsk=tl Aol K-FZFolHe [t
(Euclidean) Az], P1547|(Minkowsky) A, HHa}
EH(Manhattan) Ag] g+ S E}O}a Al g
(Distance Function) & AFEE 4= Q=0 tiEE 02
FECUA Al g4t K-F2golie g8t
AollA] HOIEE a7 ?let et= o] &€&
ECHHu et al. 2016). K-Z 2ol e BEo) 54
A BSOS EQE A = & e 7Skl

A &s] 719 B EAIE sidsk=tl A0ME
de] 8= mileld 2E & shoCHGazalba et

al. 2017). T3, OJH]A] 257 S0l A0IM = K-FZH
OI2HE 1 R84S Hol= 5 B EoplA &8

11 QCHKim et al. 2012).

3.3.4. H|Zd &A= (Bagging Ensemble)

oA Ahst HaldY BEES U sho) BEo
Z B45hs U BRY)(Classifier) 2golt). ol
ot EP%] R His s £ 4nE d=2e 5
OF B0 BRVIE dF6lo] Algah= det
(Ensemble) Y TR (oAl ARSEY]
SICE PAE HEe YHEoz Tl 277
HISl J5S SRIg it oLl GakE BRUIE
g m) 2GS £2 A0Z LERITHTY

2016).

0

]

\_0 >~
TR DS} mlm

i

ALk

Il Sofl 2o

i=Vd
g =x

(Boostrap) & A

=
=Z31

i
el

=
l

o
01z
M
ot
rlo

Ml
o
ol
ﬂ'l:‘

0
i

E3)| MAE 2}
7]3 7:485}04
7WD§ E[[e)]=
Eeﬂolﬁ} Shah et al.

02
0z
o M oo
HJ
ook

2
Iy =
ie)
o
it
=)
>~
Ir

oy [
)
ol

2 o B 2 o oo g
E=)
o
2

r%u ye
rD:
tols
il

94 TXHI FEFHE, HM51H HM2=. 2021

22 &84 BF EAIE didok=
b Slolw ulti]El (Hyper
o B7719] Gt
Ao0=2 VERITHKIm et al.
MAATOIA HiE LatE Hede
=2 EF4E ESB}”O FPHIES
Xﬂiﬁ]*— ZﬂQE LIERtOH B I
B2 dde 7R

(Gaikwad and Thool 2015).

701] (@)

Parameter)
1 /d
2002). :LELT’_

0]1-
AT

3.3.5. E& d4&=(Voting Ensemble)
E‘ﬂ AAEE 27} O] M2 THE 71K B
glohs YaE HEoR BRIEQ) vj‘j
E(Votmg)% ol FF9 BF L ol5 4
Sh= 7IHoletal & 4= QT
M52 A2 T 71K BF7
o HSIE FTH= HollA |
Aol J—XHOHZ} EH PrES

ET
mﬁ_

nofo

0

0

il

my
ox
:

]
28

=o

0%,
0
ﬂl lI

1

>~

&
gl

”l

VO )y

Wi OB px A ek

T
N
02
U0 N OB OE o

mr >4 o
i
&l
3

FU]I r>~1

=)
b
0

N
P
M

N
10,
£ 5

my
2]

4
i
ol
[}
N

ergu
T
%
fw)
o
g

o
S
<

Ehs| 7}7} OFAY

AE

El(Hard Voting) 1t
ERE 018l ZE =S A
= 285t AZE HY (Soft
T ACHEES @ 2021). B

52
o

i
n

HL

N Hj
0ok
o

i

LU
L
2
Iy

e}

Ml o
e
2
ol
S
it

m“r

02
ol

[
HT Op

p

o
o
o

it

o
\u,
(0]

N oo
o &
i

EAOA S 25
Q1EQICHGandhi and Pandey

By oom 2

=
iy
>
i
ol
F([:‘
»
i)

2015).
o

TOIME IEEE W FaSER0] F4
Joh=tl 01 A aviich mileld =Y
1 Ag7RsEe SIstIAL St A
7= QAFEELET, AEZEHETHAL K-
Olghz 37IA H &577] =&yt 2
AL

v FR

[0
Oll

=]
E—‘_

&

lO>~ﬂTlﬂlFHI

H
ro

_O£
rgﬂ

ry
L)

o2

71gs g Aoz datct

e b pdofje

MI
i



I. Data Collection

- Public Data Portal API
- QGIS 3.16 Program
- Google Map API

Il. Data Preprocessing

The points in the below are excluded from the dataset.
1) Service stations which are not on the highway

2) Temporary service stations

3) the sites that land price data are not available

lll. Evaluation Metrics Selection

- Accuracy
- Recall

- Precision
- F1-Score

IV. Model Training & Measurement of
the metrics
- Hyper-parameter tunning

- Training 7 machine learning models
- Measuring the assessing metrics

V. Performance Evaluation

- Ranking performances of the models by
F1-score

Figure 3. Research Design and Steps
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Table 5. Hyper-Parameters

of Each Model

Model

Hyper-Parameter

Deicision Tree

criterion : gini, max_depth : 29, max_leaf_node : 65, min_sample : 6,

min_samples_split : 0.02537318598749547

K-Nearest Neighborhood

weights : distance, n_neighbors : 5, metric : euclidean, leaf_size : 46, algorithm : auto

Support Vectcor Machine

C : 68.1397238572758, gamma : 1.2527258003249279e-05, kernel : rbf

Random Forest

criterion : gini, max_depth : 57, max_features : auto, min_samples_leaf : 27,

min_samples_split : 0.1639771150222418, n_estinators : 25

KNN-Bagging n_estimators : 11, bootstrap_features : True, base_estimator__weights : distance,
Ensemble base_estimator__n_neights : 5, base_estimator__metric : manhattan
base_estimator__C : 39.8905781603212,
SVM-Bagging base_estimator__gamma : 0.0009843278670203955,
Ensemble base_estimator__kernel : rbf, bootstrap : True

bootstrap_features : True, max_samples : 0.7883067243096491, n_estimators : 1

Voting Ensemble

DT__max_depth : 65, DT__max_leaf_nodes : 74, DT__min_samples_leaf : 7,

DT__min_samples _split : 0.11980654116261235, knn__metric : manhattan,
knn__n_neighbors : 408, knn__wieghts : distance, svm__C : 8.874124299714731,
svm_gamma : 0.27877197560853606, svm__kernel : sigmoid, voting : soft

Table 6. Confusion Matrix (Simple Classifier Models)

DT SVM KNN
(CEll Positive Negative CElta Positive Negative el Positive Negative
Actual o Actual 9 Actua 9
Positive 54 5 Positive 41 18 Positive 53 6
Negative 2 11 Negative 3 110 Negative 5 108
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ojAlzld 7|5 DTEER W $A3HA HZYX| MY A7
Table 7. Confusion Matrix (Ensemble Classifier Models)
Random ForestRandom Forest SVM-Bagging
Predict " . Predict " .
Actual Positive Negative Actual Positive Negative
Positive 54 5 Positive 26 33
Negative 1 112 Negative 0 113
KNN-Bagging Voting
Predict " . Predict - .
Actual Positive Negative Actual Positive Negative
Positive 53 6 Positive 54 5
Negative 1 112 Negative 5 108
Table 8. Accuracy, Precision, Recall, F1-Score
Metrics -
Model Accuracy Precision Recall F1-Score
DT 0.9593 0.9643 0.9153 0.9391
SVM 0.8779 0.9318 0.6949 0.7961
KNN 0.9360 0.9138 0.8983 0.9060
Random Forest 0.9652 0.9818 0.9153 0.9474
SVM-Bagging 0.8256 1.0000 04915 0.6591
KNN-Bagging 0.9593 0.9814 0.8983 0.9381
Voting 0.9419 0.9153 09153 0.9153
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Figure 7. F1-Scores
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