Volume 8, Issue 6, pp. 38-43, 2024.

International Journal of Scientific Engineering and Science

ISSN (Online): 2456-7361

Optimizing the Selection of Electric Bicycles Using a
Combination of the MOORA Method and Entropy
Weighting

Linda Marlinda®*, Marysca Shintya Dewi?
Informatika, Universitas Nusa Mandiri, Jakarta, Indonesia
2Teknik Mesin, Universitas Dian Nusantara, Jakarta, Indonesia
Email: linda.ldm@nusamandiri.ac.id*, marysca.shintya.dewi@dosen.undira.ac.id

Abstract— The increasing interest in electric bicycles among teenagers reflects an emerging trend in urban transportation. This research
proposes an approach that combines the Multi-Objective Optimization by Ratio Analysis (MOORA) method with entropy weighting to choose an
electric bicycle based on various criteria, responding to the needs and preferences of teenagers who increasingly pay attention to environmental
aspects in selecting a mode of transportation. This method provides an effective framework for designing adaptive weighting systems, ensuring
that each factor gets a proportional contribution according to its level of relevance in multi-criteria decision-making. These important steps in
the process result in a ranking of electric bike alternatives based on net score, with the Commuter Electric Bike dominating as the best choice
with the highest MOORA score. This research makes an important contribution to the understanding of how electric bicycles can be an effective
solution in reducing environmental impact and traffic congestion, especially with their integration into bike-sharing programs in cities around

the world.
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I.  INTRODUCTION

Electric bicycles are increasingly popular among teenagers due
to their increased mobility, comfort, speed, and ability to
provide electric assistance while riding, making the ride
smoother and less noisy compared to traditional bicycles[1][2].
This feature not only improves the riding experience but also
contributes to reducing air and noise pollution, making e-bikes
an environmentally friendly transportation option[3][4]. This
shows that electric bicycles not only provide direct benefits to
users but also have a positive impact on the surrounding
environment, creating an efficient and sustainable
transportation solution for teenagers who are increasingly
paying attention to environmental aspects in choosing modes of
transportation[5][6][7].

To meet the needs and preferences of teenagers, especially
those aged between 10 and 17 years and interested in using
electric bicycles for daily activities such as going to school,
various types of electric bicycles are available on the
market[8][9]. These electric bikes come in various styles and
serve unique purposes, each offering different features that fit
certain criteria such as range, maximum speed, battery capacity,
charging time, weight, riding comfort, safety, design and
construction,  durability, =~ component  quality, and
price[10][11][12]. Choices for electric bicycles that are suitable
for teenagers include Electric Folding Bicycles, Commuter
Electric Bicycles, Electric Mountain Bikes, Hybrid Electric
Bicycles, Urban Electric Bicycles, and Mini Electric Bicycles.
This shows that electric bicycles not only efficiently meet the
mobility needs of teenagers, but also provide a variety of
options to suit their preferences and needs in using
environmentally friendly transportation[13][14][15].

The four main components of an electric bicycle, namely
the battery, electric motor, frame with gears and bicycle chain,
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and bicycle brakes, offer several advantages[16]. Electric
bicycles can reduce the fatigue associated with using traditional
bicycles, make traveling on hilly terrain easier, and enable long-
distance travel at higher speeds[17][18]. Additionally, electric
bicycles can overcome physical obstacles and are used easily
by physically challenged individuals, making them a suitable
option for teens with a variety of needs. The contribution of
electric bicycles to environmental conservation and reducing
traffic congestion has been proven. The integration of electric
bicycles in bike-sharing programs in cities around the world
shows the potential to transform urban transportation
systems[19][20]. Although electric bicycles offer a cost-
effective and environmentally friendly mode of transportation,
new challenges are emerging related to safety and injury
prevention. Some unlawful cycling practices, such as using
excessive speed, and running red lights, can cause dental and
maxillofacial injuries[9][21]. Therefore, it is important to take
injury prevention measures and implement educational
initiatives to ensure the safe use of e-bikes[22][23].

To help users choose the best electric bicycle based on the
desired criteria, the Multi-Objective Optimization by Ratio
Analysis (MOORA) method can be used. This decision-making
method evaluates and continuously assesses various
alternatives to help the decision-making process
effectively[1][24]. By applying the MOORA method, users can
compare various electric bicycle models based on certain
criteria[23][25][26]. Research has shown that e-bikes play an
important role in encouraging sustainable mobility and
increasing the use of cycling among other modes of travel,
contributing to environmental conservation and reducing traffic
congestion[27]. Additionally, e-bikes have been integrated into
bike-sharing programs in various cities around the world,
demonstrating their potential to transform urban transportation
systems and attract users to both regular and e-bikes, thereby
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expanding user mobility. The entropy weighting method
provides an effective framework for designing adaptive
weighting systems, ensuring that in multi-criteria decision-
making, each factor gets a proportional contribution according
to its level of relevance.

Il.  METHODOLOGY

The Multi-Objective Optimization by Ratio Analysis
(MOORA) method combined with entropy weighting provides
a comprehensive approach to selecting electric bicycles based
on various criteria[28][1][26][29]. This process involves
several important steps, which ultimately result in a ranking of
electric bicycle alternatives based on net score. The research
stages carried out are presented in Figure 1.
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Fig. 1. Research Chart

A. Identify Criteria and Alternatives

The initial step in decision-making involves entering criteria
values and setting goals to identify the evaluation attributes of
each alternative[28][27]. These values are processed until a
final decision. These values will then be processed to produce
a final decision. The first stage is creating a decision matrix.
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Data is collected for each criterion and alternative in
selecting an electric bicycle. This data is then processed to
assess the criteria for each alternative[30]. The data collection
process was carried out through surveys or interviews with 100
random teenagers to identify criteria and alternatives for
electric bicycles. The entropy weighting method is used to
determine the weight of criteria in a multi-criteria decision
system.

B. Decision Matrix Normalization

By applying min-max vector normalization to all criteria and
alternatives, the normalized value of each criterion for each
alternative is calculated. This normalization process ensures
that comparisons between criteria are carried out in a
proportional and balanced manner. Data normalization with
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weights takes into account the proportional importance of each
criterion in multi-criteria decision-making
ro_ Xij
Y z:?=1xi2j

Utilization of data normalization methods, such as vector
normalization, significantly improves the decision-making
process by ensuring fair and standardized comparisons between
criteria and alternatives objectivity and reliability of the multi-
criteria decision-making process by establishing a common
basis for evaluating different criteria[31][32].

X

()]

C. Calculate Entropy and Criteria Weights

Entropy weighting is used to determine the weight of criteria
in multi-criteria decision-making by taking into account the
level of uncertainty or diversity of information on each
criterion. The goal is to provide balanced weighting based on
relative information contribution. This method supports more
objective and informed decision-making by considering the
uncertainty and diversity of information on each
criterion[33][31].

Entropy is used to determine criteria weights based on the
level of uncertainty and variation in the data. This weighting
gives different emphasis to each criterion according to its

importance:
1. Calculate the proportion of each alternative for each
criterion.
— Xy
pij = i 2

p;j is a proposition of value x;; to the total x;; for all
alternatives

2. Calculate the entropy ej for each criterion.
ej = —k Xi=1pijIn (p;j) (3)

k = —— and n is the number of alternatives.
In (n)

e; is the entropy of the criterion

j, kis a constant (in this case, k = ﬁ), and n is the

alternate number.

3. Calculate the Weight of the Criteria w;
1—81‘

Wj = m_zﬁlej (4)

w; is the weight of the criteria and is the sum of the

criteriajm.
D. Score MOORA

1. Multiply the normalized value by the weight

The normalized data is then multiplied by the weight
obtained from the entropy method to take into account the
influence of each criterion proportionally.

Yij = W -1 ®)

r{; is a previously normalized value.

The entropy method in calculating criteria weights after
normalization provides a strong basis for adjusting the
influence of criteria according to the level of uncertainty and
variation. This allows proportional emphasis on each criterion,
ensuring that uncertainties in the data are accounted for fairly
in decision-making[34].

2. Calculate the MOORA score value
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The MOORA method helps in ranking alternatives by
considering benefits and costs. By subtracting the value of the
cost criterion from the value of the benefit criterion, this method
provides a more holistic assessment of the performance of each
alternative.

MOORA = Y (Benefit) — Y.(cost) (6)

yi =X jes WiXij (7

y; is the MOORA value for each alternatef i, Benefit is the
set of criteria that are considered beneficial, and Cost is a set of
criteria that are considered detrimental.

The MOORA value is calculated for each alternative by
subtracting the number of normalized values for the cost criteria
from the number of normalized values for the benefit criteria.
Alternatives are then ranked based on the net score value.

I11. RESULTS AND DISCUSSIN

A. Identify Criteria and Alternatives

Electric bicycle alternative:

1. Electric Folding Bike (Al): Suitable for daily use in the
city with a range of 53 km, a maximum speed of 25 km/h,
and a battery capacity of 400 Wh. With a battery charging
time of 4 hours, a weight of 15 kg, and a price of 750 USD.

2. Commuter Electric Bike (A2): Ideal for fast travel with a
range of 62 km, a maximum speed of 30 km/h, and battery
capacity of 450 Wh. With a battery charging time of 4.1
hours, a weight of 20 kg, and a price of 900 USD.

3. Electric Mountain Bike (A3): Suitable for challenging
terrain with a range of 70 km, a maximum speed of 31
km/h, and a battery capacity of 510 Wh. With a battery
charging time of 65 hours, a weight of 23 kg, and a price
of 825 USD.

4. Hybrid Electric Bike (A4): Very good for medium-distance
travel with a range of 65 km, maximum speed of 27 km/h,
and battery capacity of 470 Wh. With a battery charging
time of 4 hours, a weight of 20 kg, and a price of 900 USD.

5. Urban Electric Bike (A5): Suitable for city use with a range
of 62 km, a maximum speed of 25 km/h, and a battery
capacity of 470 Wh. With a battery charging time of 4
hours, a weight of 20 kg, and a price of 800 USD.

6. Mini Electric Bike (A6): Distance 51 km, maximum speed
20 km/h. 380 Wh battery, 4 hours charging. Weight 18 kg.
Price 620 USD

Criteria:

1. Range (K1): The distance an electric bicycle can travel on
one battery charge, adjusted to the user's daily needs.

2. Max Speed (K2): The maximum speed an electric bicycle
can reach, is important for safety and compliance with
traffic regulations.

3. Battery Capacity (K3): Battery capacity, measured in watt-
hours (Wh), affects mileage.

4. Charging Time (K4): The time to fully charge the battery,
the shorter the more practical.

5. Weight (K5): The total weight of the bicycle, including the
battery, affects agility and ease of use.

6. Comfort (K6): Comfort factors such as suspension and
ergonomic saddle design.
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7. Safety (K7): Safety features such as disc brakes and lights
are important for driver protection.

8. Durability (K8): Durable quality of the frame and
materials, also considering aesthetics.

9. Component Quality (K9): Quality of motor, battery, and
other components for long-term reliability.

10. Price (K10): The price of an electric bicycle is balanced
with the features offered, providing the best value for users

Collect data for each criterion from various alternatives.

The assessment data for each alternative is presented in table 1

as follows:

TABLE 1. Criteria and Alternatives

Kl | K2 | K3 | K4 | K5 |K6|K7]|K8|KI9 | KI0
Al | 53 | 25 | 400 | 4 15 7 9 7 7 750
A2 | 62 | 30 | 450 | 4.1 | 20 8 7 8 9 900
A3 | 70 | 31 | 510 | 5 23 7 9 9 10 | 825
A4 | 65 | 27 | 470 | 4 21 7 8 10 9 900
A5 | 62 | 25 | 420 | 4 20 8 7 7 8 800
A6 | 51 | 20 | 380 | 4 18 7 8 6 7 620

B. Decision Matrix Normalization

Normalization of the decision matrix is carried out to ensure
that all criteria can be compared directly. The value of each
criterion is normalized using the vector method to ensure the
values are on the same scale. using equation (2)

TABLE 2. Decision Matrix Normalization
K1 K2 K3 K4 K5 K6 K7 K8 K9 | K10
Al | 0.3 04 | 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.3
A2 | 04 | 05|04]03|04)]04|03]04]04] 04
A3 | 05 04 | 04 | 04 0.4 0.4 0.4 0.5 0.4 0.4
A4 |04 |04 |04]03|04]04|04]04]04] 04
A5 | 04 |04 |03 0.3 0.3 0.4 0.3 0.4 0.4 0.3
A6 | 03|04/ 03]03]03]03]03]03]03] 03

a. Electric Folding Bike has high normalized values for
Comfort (0.3) and Safety (0.4), but lower for Battery
Capacity (0.3) and Weight (0.3).

b. Commuter Electric Bike stands out in Comfort (0.4),
Component Quality (0.4), and Price (0.5), but weak in
Charging Time (0.3).

c. The Electric Mountain Bike recorded the highest scores in
Range (0.5), Battery Capacity (0.4), Durability (0.6), and
Component Quality (0.5), as well as high marks for Price
(0.6).

d. The Hybrid Electric Bike has high scores for Comfort (0.4)
and Component Quality (0.4), with consistent performance
across a wide range of criteria.

e. The Urban Electric Bike stands out in Comfort (0.5) and has
a reasonable price (0.4), but scores low for Battery Capacity
(0.4) and Weight (0.3).

f. The Mini Electric Bike scores low for most criteria,
especially in Range (0.3) and Battery Capacity (0.3), but
relatively high for Comfort (0.4) and Safety (0.3).

C. Calculate Entropy and Criteria Weights

Entropy measures the uncertainty in the data for each
criterion, while weights are calculated based on the entropy
value to determine the importance of each criterion. This
calculation uses equation (3) to calculate Propability p_ij, and
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equation (4) to calculate Entropy e_j, then calculate w_j with

equation (5). From the calculations equations (3,4,5)

TABLE 3. Value Proportion Analysis

Alternative

Proportion

Electric Folding Bike

[0.163, 0.167, 0.152, 0.167, 0.161, 0.19],

Commuter Electric Bike

[0.195, 0.2, 0.182, 0.2, 0.194, 0.229],

Electric Mountain Bike

[0.217, 0.194, 0.214, 0.186, 0.197, 0.197],

Hybrid Electric Bike

[0.188, 0.176, 0.187, 0.179, 0.189, 0.216],

Urban Electric Bike

[0.170, 0.182, 0.161, 0.174, 0.183, 0.221],

Mini Electric Bike

[0.067, 0.051, 0.104, 0.095, 0.076, 0.133]

In the value proposition analysis, the Electric Folding Bike
stands out in comfort (0.19) and maximum speed (0.167), while
the Electric Mountain Bike is dominated by mileage (0.217)
and battery capacity (0.214). The Hybrid Electric Bike stands
out for price (0.216) and mileage (0.188), while the Urban
Electric Bike highlights for price (0.221) and comfort (0.183).
The Mini Electric Bike stands out in battery capacity (0.104)
and charging time (0.095).

TABLE 4. Analysis of Entropy values
Alternative Entropy

Electric Folding Bike

[1.791,1.778,1.801, 1.779, 1.784, 1.75],

Commuter Electric Bike

[1.773,1.766, 1.781, 1.766, 1.77, 1.753],

Electric Mountain Bike

[1.756,1.784,1.758, 1.788, 1.779, 1.779],

Hybrid Electric Bike

Urban Electric Bike
Mini Electric Bike

[1.784,1.776,1.791, 1.782, 1.775, 1.751
[1.882,1.926, 1.831, 1.856, 1.894, 1.761

>

]
[1.774,1.795, 1.774,1.792, 1.772, 1.754],
]
]

Entropy analysis shows variations in the level of uncertainty
in assessing value proportions for each criterion for each
alternative. The range of entropy values for each type of bicycle
is as follows: Electric Folding Bike (1.75-1.801), Commuter
Electric Bike (1.753-1.781), Electric Mountain Bike (1.756-
1.788), Hybrid Electric Bike (1.754-1.795), Urban Electric
Bike (1,751-1,791), and Mini Electric Bike (1,761-1,926). This
indicates different levels of uncertainty in the assessment of the
value propositions between the alternatives.

TABLE 5. Value Weight analysis

Alternative

Weight

Electric Folding Bike

[0.209, 0.222, 0.199, 0.221, 0.216, 0.25],

Commuter Electric Bike

[0.227, 0.234, 0.219, 0.234, 0.23, 0.247],

Electric Mountain Bike

[0.244, 0.216, 0.242, 0.212, 0.221, 0.221],

Hybrid Electric Bike

[0.226, 0.205, 0.226, 0.208, 0.228, 0.246],

Urban Electric Bike

[0.216, 0.224, 0.209, 0.218, 0.225, 0.249],

Mini Electric Bike

[0.118, 0.074, 0.169, 0.144, 0.106, 0.239]]

The Electric Folding Bike has the highest weight in
Maximum Speed (0.222) and Durability (0.25), showing the
great influence of these two criteria on the performance of the
Electric Folding Bike. The Commuter Electric Bike has the
highest weighting in Charging Time (0.234) and Price (0.247),
showing superiority in both aspects compared to other
alternatives. The Mini Electric Bike has the lowest weight in
Comfort (0.106) and Safety (0.144), indicating that the Mini
Electric Bike is less suitable for uses that emphasize comfort
and safety. The Electric Mountain Bike has an even weight in
all criteria, showing a good balance in the aspects assessed.
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D. Skor MOORA

Calculation of the MOORA value begins by determining the
criteria weights using the entropy method. The data is then
normalized by multiplying each value by the predetermined
criteria weight. Next, the MOORA value is calculated by
subtracting the total normalized value for cost criteria from the
total normalized value for benefit criteria. The results can be
seen in Table 6.

TABLE 6. Analysis of MOORA Score calculations

. Benefit Cost MOORA
Alternative
Score Score Score
Electric Folding Bike 0.343 0.256 0.087
Commuter Electric Bike 0.389 0.287 0.102
Electric Mountain Bike 0.435 0.339 0.096
Hybrid Electric Bike 0.385 0.286 0.099
Urban Electric Bike 0.366 0.275 0.091
Mini Electric Bike 0.315 0.239 0.076

Based on analysis using the Multi-Objective Optimization
by Ratio Analysis (MOORA) method, the Commuter Electric
Bike shows the best performance with the highest MOORA
score (0.102), even though it has a relatively high cost score
(0.287), due to a greater benefit score (0.389). Electric
Mountain Bike ranked second with a MOORA score of 0.096,
where the highest benefit score (0.435) was offset by its high
cost (0.339). The Hybrid Electric Bike ranked third with a
MOORA score of 0.099, indicating a good balance between
benefits (0.385) and costs (0.286). Urban Electric Bike is in
fourth place with a MOORA score of 0.091, followed by
Electric Folding Bike in fifth place with a MOORA score of
0.087. The Mini Electric Bike ranks last with the lowest
MOORA score (0.076), due to the lowest benefit and cost
scores (0.315 and 0.239).

E. Ranking Level

Alternative Ranking, the final stage is to rank alternatives
based on alternative optimization values, ranking results as in
table 7.

TABLE 7. MOORA Score ranking levels

Rating Alternative MOORA Score
1 Commuter Electric Bike 0.102
2 Hybrid Electric Bike 0.099
3 Electric Mountain Bike 0.096
4 Urban Electric Bike 0.091
5 Electric Folding Bike 0.087
6 Mini Electric Bike 0.076

Commuter Electric Bike is the best choice with the highest
MOORA score of 0.102. This shows that this bicycle provides
the best combination of benefits obtained and costs incurred.

Hybrid Electric Bike is in second place with a MOORA
score of 0.099. While slightly inferior to the Commuter Electric
Bike, this bike still offers excellent value.

Electric Mountain Bike is in third place with a MOORA
score of 0.096. This bike also offers good value, but slightly
less than the Hybrid Electric Bike.

Urban Electric Bike is in fourth place with a MOORA score
of 0.091. While still in a good category, this bike offers less
value than the three alternatives above it.
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Electric Folding Bike is in fifth position with a MOORA
score of 0.087. This bike has a lower value than the Urban
Electric Bike, but is still an option worth considering.

Mini Electric Bike is in last place with the lowest MOORA
score of 0.076. This shows that this bike offers the lowest
overall value after taking into account its benefits and costs.

IVV. CONCLUSION

Combining the MOORA method with entropy weighting is
a comprehensive approach to multi-criteria decision making.
MOORA provides a framework for assessing alternatives based
on the ratio of positive and negative ideal solutions, while
entropy weighting contributes by taking into account the level
of uncertainty in each criterion. Based on the combination of
the Entropy and MOORA methods, the Commuter Electric
Bike is the best and safest choice for use by teenagers for
transportation to school. With the highest MOORA score of
0.102, this bike offers an optimal combination of benefits
provided and costs incurred. In addition, taking into account the
relatively low Entropy value in the criteria of safety, comfort
and speed, the Commuter Electric Bike has attributes that are
suitable and safe for use by teenagers on their daily trip to
school.
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