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PREFACE 

 
We would like to present, with great pleasure, the first issue of Matrix: Jurnal Manajemen Teknologi 

dan Informatika in Volume 15, 2025. This journal is under the management of Scientific Publication, 

Research and Community Service Center, Politeknik Negeri Bali, and is devoted to covering the field 

of technology and informatics management including managing the rapid changes in information 

technology, emerging advances in electrical and electronics and new applications, implications of 

digital convergence and growth of electronics technology, and project management in electrical, 

mechanical or civil engineering. We would also like to express our deepest appreciation and gratitude 

for the dedication and contribution of Mrs. Gusti Nyoman Ayu Sukerti, S.S., M.Hum as the previous 

Editor-in-Chief, who has led and oversaw the development of this journal during her leadership. We 

would like to inform you that the publication of this first edition has been delayed due to the Editor-

in-Chief transition process in early 2025. Nevertheless, we remain committed to maintaining the 

quality and accuracy of the editorial process. The scientific articles published in this edition were 

written by researchers from Universitas Pendidikan Nasional, Politeknik Elektronika Negeri Surabaya, 

Universitas Semarang, Universitas Logistik dan Bisnis Internasional, and ITB STIKOM Bali. Articles in 

this issue cover topics in the field of Analysis of Financial Feasibility Installing Parking Meters in 

Gianyar Regency (Case Study: Jalan Ngurah Rai – Gianyar), Data Acquisition of Flow Sensor Based 

to Measure Water Flow in Underground Drainage, Analysis of Corn Production in Indonesia Using 

Business Intelligence Technology Based on Power BI, Development of A Hybrid Model for Website 

Functional Evaluation Based on ISO/IEC 25010 and SERVQUAL, Lightweight CNN with Wavelet-

Attention for Fingerprint Liveness Detection. Finally, we would like to thank the reviewers for their 

efforts and hard work in conducting a series of review phases thoroughly based on their expertise. 

We hope that the work of the authors in this issue will be a valuable resource for other researchers 

and will stimulate further research into the vibrant area of technology and information management 

in specific, and engineering in general. 

 
 

Politeknik Negeri Bali, 31 March 2025 

Editor-in-chief 

Dewa Ayu Indah Cahya Dewi, S.TI., M.T. 
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Abstract: The increase in the number of motorized vehicles in Gianyar Regency has an impact on parking needs, 
as is the case on Jalan Ngurah Rai, Gianyar Regency. The data used in this research includes primary data obtained 
through parking inventory surveys, parking patrol surveys, and secondary data in the form of parking PD income 
data, parking meter price data, obtained from the Gianyar Regency Transportation Service. Parking characteristics 
for motorcycles are: parking inventory 95 SRP, parking volume in the 14-hour survey was 2147 vehicles, parking 
duration was 0.9318 hours, the parking capacity is 102 vehicles/hour, the parking provision is 1356 vehicles, and 
the parking index is 1,148. Parking characteristics for light vehicles are: parking inventory 88 SRP, parking volume 
in the 14-hour survey was 837 vehicles, parking duration was 1.0182 hours, the parking capacity is 85 vehicles/hour, 
the parking provision is 1128 vehicles, and the parking index is 0.92. The financial feasibility analysis for scenario 1 
(fixed rate LV= 2000/one parking, MC= 1000/one parking) it is obtained that NPV = 3,153,280,747 > 0, BCR = 1,634 > 
1, and IRR = 51% > MARR= 20%. For scenario 2 (fixed parking rate, LV=3000/hour, MC= 2000/hour) we get NPV = 
8,998,418,237 > 0, BCR = 2,810 > 1, and IRR = 136%> MARR= 20%. For scenario 3 (fixed parking rate, first hour LV= 
3000, MC= 2000, 1 hour later increase in LV= 2000/hour, MC= 1000/hour) obtained NPV = 11,625,402,449 > 0, BCR= 
3,338 > 1, and IRR= 174%> MARR= 20%.  
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Introduction 
Currently, most parking payment systems are still carried out conventionally. Conventional 

parking payments are made by paying the parking attendant using a ticket [1]. Income from the 

parking sector contributes to Regional Original Income (PAD), but there is a leak in the 

conventional system and will affecting Regional Original Income [2]. On the other hand, one of 
the causes. The high number of leaks that occur is due to an unorganized parking system [3]. 

New policies regarding more efficient parking management solutions need to be implemented, 
one of them is by implementing an Electronic Parking Terminal (TPE) system [4]. 

With the development of technology, parking problems can be overcome with the use of 

the Electronic Parking Terminal [5]. Use of Parking Terminal Electronics must be carried out based 
on local regional regulations for determine which roads or areas the Parking Terminal will be 

implemented on Electronic [6]. In regional regulations must also be formulated the amount of 
fines for violations of parking provisions [7]. Key to success the use of Electronic Parking 

Terminals is a law enforcement application strict against parking violations [8]. In Indonesia, 

electronic parking terminals already exist used in roadside parking areas in Jakarta, Bandung, Bali 
and Palembang [9]. 

Jalan Ngurah Raiiin Gianyar Regency is very close to the center Shopping [10]. The many 
shops on Jalan Ngurah Rai create attraction travel that affects parking on Jalan Ngurah Rai [11]. 

mailto:ferysuryatapa@undiknas.ac.id
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Jalan Ngurah Rai isyone ofbthe roadsbwith the highestxparking revenuebin the City Gianyar, so 
there is potential for implementing an Electronic Parking Terminal [12]. 

To overcome this parking problem as a first step is needed there is a study regarding 

parking [13]. Therefore, a study is needed regarding Analysis of Parking Characteristics and 
Financial Feasibility of Implementation Electronic Parking Terminal on Jalan Ngurah Rai, Gianyar 

Regency. 
 

Methodology 
Thebresearch stepstwere carriedbout injstages includingkpreliminary studies, identification 

ofgproblems andddetermination of researchfobjectives, literature study, datagcollection including 

primary data including: parking inventory survey data on the number of parking facilities available 
[14]. Parking spaces with a standard SRP size of 2.5 x 5 m for light vehicles and 0.75 x 2 m for 

motorcycles and parking patrol surveys can obtain data regarding parking characteristics, 
including: number of parked vehicles (parking volume), parking accumulation, and vehicle parking 

time, and secondary data includes: Data Parking rates are obtained from the Gianyar Regency 
Regional Government [15]. Prices for parking meters are obtained from the Gianyar Regency 

Transportation Service. The cost of installing CCTV cameras was obtained from installation data 

by the Gianyar Regency Transportation Service in 2018. The 2018 Gianyar Regency UMK level 
was used to determine the salary of parking attendants, with a 2 shift system. Inflation rate for 

the last 7 years from BPS [16]. The growth rate of the population aged 17-75 years obtained 
from BPS is used to predict the increase in vehicle parking volume. The loan interest rate is 

obtained from the reference interest rate from Bank Indonesia. Parking meter network system in 

Gianyar Regency. The applicable Tabanan Regency Parking Rates are in accordance with the 
Gianyar Regency Regional Regulations. 

 

Results and Discussions 
Parking Characteristics Analysis 

The existing parking system on Jalan Ngurah Rai-Gianyar is a roadside parking system. 

Parking spaces on Jalan Ngurah Rai-Gianyar are divided into parking spaces for motorcycles and 
light vehicles. The results of the parking inventory survey can be seen in Table 1. 

 

Table 1. Parking inventory on Jalan Ngurah Rai-Gianyar 

 

No 
Type of 
Vehicle  

 

Length 

(m) 

Parking 

Angle 

Degree 
(o) 

Plot 
Size 

(m2) 

Plot 
Estimate 

 

1 Light Vehicles  35 90 - 14 

2 Light Vehicles  185 45 - 74 

3 Motorcycles  71.25 45 - 95 

 
Based on Table 1 the number of parking lots on Jalan Ngurah Rai - Gianyar is obtained 

from the number of light vehicles when the special light vehicle parking space is fully filled, namely 
14 SRP in length 35 m road with a parking angle of 90 degree, and for a parking angle of 45 

degree as much as 74 SRP with a road length of 185 m. The number of motorcycles parking lots 
is 95 with a road length of 71.25 m with a parking angle of 45 degree. In this parking space there 

are no lines/markings for parking spaces for motorcycles, therefore the number of parking lots is 

obtained when the parking space is fully occupied by parked vehicles. 
 

Parking Volume 
From the survey results, it can be seen that the total volume of vehicles parked during the 

10 hours of observation of the Jalan Ngurah Rai - Gianyar section is as shown in Table 2. 
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Table 2. Volume of parked vehicles 

 

No 

Type of 

Vehicle  
 

Total Vehicle Volume 
during the Survey  

(vehicles) 
 

Average Volume 

(vehicles/hour) 
 

1 Light Vehicles  837 59 

2 Motorcycles  2147 153 

 
From Table 2 it can be seen that the total volume of light vehicles parked on the Jalan 

Ngurah Rai - Gianyar section is 837 vehicles with the average vehicle parked every hour being 59 

vehicles/hour. Meanwhile, the total volume of motorcycles parked is 2147 vehicles with the 
average vehicle parked every hour being 153 vehicles/hour. 

 

Parking Accumulation 
From the survey results, it can be seen the accumulation of vehicles parked every 1 hour. 

The highest accumulation at each survey time canibe seentin Table 3. 

 
Table 3. Parking accumulation 

 

No 
Type of 
Vehicle  

 

Times 
(hours) 

 

Accumulation 
(vehicles/hour) 

 

1 Light Vehicles  13.00 – 14.00 78 

2 Motorcycles  19.00 – 20.00 117 

 

Table 3 can be seen that the highest accumulation on Jalan Ngurah Rai - Gianyar for light 

vehicles at 13.00 – 14.00 WITA is 78 vehicles. The highest accumulation of motorcycles occurred 
at 19.00 – 20.00 WITA amounting to 117 vehicles. 

 

Parking Duration 
From the results of the survey that has been carried out, the average parking time can be 

analyzed. Average Parking Time canibe seentin Table 4. 

 

Table 4. Parking duration 
 

No 

Type of 

Vehicle  

 

Average Parking 
Duration (hours) 

1 Light Vehicles  1.0376 

2 Motorcycles  0.9318 

 
Based on Table 4, the average parking duration during the 14 hours survey period was 

0.9318 hours for motorcycles and 1.0376 hours for light vehicles. 

 
Parking Time Distribution 

The distribution of parking time for light vehicles on Jalan Ngurah Rai - Gianyar is 
determined by the largest percentage for the duration parking for 0 – 1 hour is 77.4% and 

motorcycles for 0 – 1 hour namely 85.7%. 
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Table 5. Parking time distribution 
 

Parking Time 

(hours)  
 

Parking Time Distribution 

Light Vehicles Motorcycles 

1 77.4  85.70  

2 15.89  6.80  

3 2.63  2  

4 0.84  1.35  

5 0.60  1.07  

6 0.60  0.88  

7 0.36  0.28  

8 0.12  0.37  

9 0.12  0.14  

10 0.12  0.23  

11 0.36  0.28  

12 0.6  0.28  

13 0.12  0.23  

14 0.24  0.37  

 
From Table 5, it can be seen that vehicles parked on Jalan Ngurah Rai - Gianyar are parked 

within a period of 14 hours. 

 

Parking Turnover 
From the survey results, the parking turnover rate can be found using the Parking Turnover 

Rate formula. In Table 6 are the results of calculating the parking turnover rate. 
 

Table 6. Parking turnover 

 

Type of 
Vehicle 

 

Number of 

Vehicles 

(Nt) 

Number of 

Plots 

 (S) 

Survey Time 
(T) 

Parking 

Turnover Rate 

(TR=Nt/(S*T)) 

vehicles vehicles hours hours 

Light Vehicles 837 88 14 0.672 

Motorcycles 2147 95 14 1.614 

 
From Table 6 it can be seen that the level of parking turnover on the road section Ngurah 

Rai-Gianyar for light vehicles is 0.672 hours and the motorcycles parking turnover rate is 1.614 

hours, which means that every hour 1 (one) plot serves more than 1 (one) vehicle. 

 

Parking Capacity 
From the survey and data analysis, the parking capacity at the survey location was obtained 

as shown in Table 7. 

 

Table 7. Parking capacity 
 

Type of Vehicle  
 

Number of 
Plots 

(S) 

Average Parking 
Duration 

(D) 

Parking Capacity 

(KP=S/D) 

vehicles hours12z vehicles/hours 

Light Vehicles 88 1.0376 85 

Motorcycles 95 0.9318 102 
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From Table 7 above you can see the parking capacity on Jalan Ngurah Rai - Gianyar can 
accommodate 85 vehicles/hour for light vehicles and 102 vehicles/hour for motorcycles. 
 

Parking Supply 
From Table 8 you can see the results of the analysis of the amount of parking space 

provision during the 10 hour survey. 
 

Table 8. Parking supply 

 

Type of 

Vehicle 
 

Survey 
Time 

(T) 

Average 

Parking 

Time 
(D) 

Number of 
Plots 

(S) 
Insuffiency 

Factor (f) 

Parking 

Supply Ps = 

(S*T*f) 
 D 

hours hours vehicles vehicles 

Light 
Vehicles 

14 1.0376 88 0.95 1,128 

Motorcycles 14 0.9318 95 0.95 1,356 
 

From Table 8 it can be seen that the parking supply on Jalan Ngurah Rai - Gianyar during 
the 14 hours survey for light vehicles was 1,128 vehicles and motorcycles amounting to 1,356 

vehicles. 
 

Parking Index 
The following is the highest parking index for motorcycles and light vehicles in Table 9. 

 

Table 9. Parking index 
 

Type of 

Vehicle  

 

Times 
Parking 

Accumulation 

Parking 

Capacity 

Parking 

Index 

Light Vehicles 13.00-14.00 78 85 0.920 

Motorcycles 19.00-20.00 117 102 1.148 

 

From Table 9 above, it can be seen that parking conditions based on peak accumulation 

on Jalan Ngurah Rai - Gianyar for motorcycles have a parking index of more than 1 (one). This 

shows that the need for parking spaces at peak conditions exceeds the existing parking capacity. 

So parking capacity cannot accommodate parking demand during peak hours. Meanwhile, light 

vehicles have a parking index of less than 1 (one). This shows that there is no need for parking 

spaces at peak conditions exceeds existing parking capacity. So the parking capacity can 

accommodate parking demand during peak hours. 

 

Parking Revenue 
Revenue is obtained by multiplying the parking fee by thetvolume ofdvehicles parked in a 

certain time period. Created 3 parking rate scenarios that will be used in installing parking meters. 

1 Alternative 1 obtains an average annual parking income of IDR 1,092,733,755.- 

2 Alternative 2 obtains an average annual parking income of IDR 1,878,488,872.- 

3 Alternative 3 obtains an average annual parking income of IDR 2,256,742,579.- 
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Investment Costs 
The costs incurred in installing parking meters are classified into three, namely Initial 

Investment Costs with a Sub Total of IDR 952,058,920, Operational Costs with a Sub Total of 
IDR 505,120,000, and Maintenance Costs with a Sub Total of IDR 160,799,928. 

 

Financial Feasibility Analysis 
Financial feasibility analysis is carried out with the aim of evaluating financial feasibility. 

The methods used are NPV, BCR, and IRR. The results of the financial feasibility analysis can be 
seen in Table 10. 

To find NPV, BCR, and IRR, use the equation: 

𝐵𝐶𝑅 =
𝑃𝑊𝐵

𝑃𝑊𝐶
 

 

(1) 

𝑁𝑃𝑉 = 𝑃𝑊𝐵 − 𝑃𝑊𝐶 (2) 
 

IRR is determined by comparing the IRR value with MARR. In this study, the MARR value 
was determined at 20% per year. For MARR. In this study, the MARR value was determined at 

20% per year. For to calculate the IRR value using the try method to calculate the IRR value 
using the Try and error method. 

 
Table 10. Financial feasibility of all three alternatives 

 

 Alternative 1 Alternative 2 Alternative 3 

NPV Rp 3,153,280,747 Rp 8,998,418,237 Rp 11,625,402,449 

BCR 1.634 2.81 3.34 

IRR 51% 136% 174% 

 

Payback Period Method 
All alternatives get decent analysis results. So for alternative 1 the payback period is 2 

years in 2021, for alternative 2 the payback period is 1 year in 2020, and alternative 3 the payback 
period is less than 1 year in 2020. This means in those years there has been a return on 

investment capital. 
 

Sensitivity Analysis 
Sensitivity analysis on the installation of parking meters on Jalan Ngurah Rai-Gianyar was 

carried out by analyzing the sensitivity of benefits and costs, with three (3) sensitivity scenarios, 
namely: (1)vWith fixedbbenefits and increasing costs. (2) With decreasing benefits and increasing 

costs. (3)vWith decreasing benefits and increasing costs. Basedyon thetsensitivity 

analysisfcalculations that have been carried out, the sensitivity analysis results are obtained in 
Table 11. 
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Table 11. Sensitivity analysis of the three scenarios 
 

Scenario 
Description 

Benefit Cost 

1 Still Go on 38% 

Down 29% Still 

Down 16% Go on 16% 

2 Still Go on 140% 

Down 58% Still 

Down 41% Go on 41% 

3 Still Go on 180% 

Down 65% Still 

Down 48% Go on 48% 

 

Conclusion 
From the results of calculations and analysis it can be concluded as follows: Parking 
Characteristics; For light vehicles, the total number of stalls obtained was 14 vehicles at an angle 

of 90 degrees, and 74 vehicles at an angle of 45 degrees, the parking volume during the 10 hour 
survey was 837 vehicles, the average accumulation of parking was 78 vehicles/hour, the duration 

of parking was 1.036 hours, parking turnover of 0.672 hours, parking capacity of 85 vehicles/hour, 

parking supply of 1128 vehicles, and parking index of 1.148. For motorcycles, the total number 
of stalls was found to be 95 vehicles at an angle of 45 degrees, the parking volume during the 

10 hours survey obtained a parking volume of 153 vehicles, the average accumulated parking 
was 117 vehicles/hour, the parking duration was 0.9318 hours, parking turnover was 1.614 hours, 

parking capacity was 102 vehicles/hour, parking supply was 1356 vehicles, and the parking index 

was 0.920. Financial Feasibility of installing parking meters; Of the three parking rate alternatives 
that have been analyzed, the three parking rate alternatives meet the requirements for 

investment worth implementing, namely NPVi>i0, BCRi>i1, andiIRRi>iinterest rate. For the 
payback period, the payback period for scenario 1 is 2 years in 2021, for scenario 2 the payback 

period is 1 year in 2020, and for scenario 3 the payback period is less than 1 year in 2020. 
Sensitivity Analysis: Basedgon the sensitivity analysis calculations that have been carried out, the 

following sensitivity analysis results are obtained; For the sensitivity of scenario 1, with investment 

costs rising up to 38% and fixed income the investment is categorized as not feasible. Thus, with 
income decreasing by 29% and investment costs remaining the same, and with income 

decreasing by 16% and investment costshincreasingbby 16%, the investment is categorized as 
not feasible. Thisris becauseyNPVi<i1, BCRi<i0, and IRR < interest rate. For the sensitivity of 

scenario 2, with investment costs rising up to 140% and fixed income the investment is 

categorized as not feasible. Thus, with income decreasing by 58% and investment costs 
remaining the same, and with income decreasing by 41% and investment costshincreasingbby 

41%, thetinvestmenttis categorized as not feasible. This is because NPV < 1, BCR < 0, and IRR 
< interest rate. For the sensitivity of scenario 3, with investment costs rising up to 180% and 

fixed income the investment is categorized as not feasible. Thus, with income decreasing by 65% 
and investment costs remaining the same, and with income decreasing by 48% and investment 

costshincreasingbby 48%, the investmentris categorized as notwfeasible. Thisyis 

becausemNPVi<i1, BCRi<i0, and IRRi<iinterest rate. 
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Abstract: This research focuses on water flow sensors in underground drainage. In Indonesia, the use of sensors 
and actuators to control and measure water velocity and water discharge in underground drainage is not very 
popular, although one of the causes of flooding is caused by clogged drainage or workers forgetting to turn on 
the pump at a certain height and water flow. This paper will explain how to find out the speed and discharge of 
water in an underground drainage without checking it directly on site. The water flow sensor is used to measure 
the water velocity and water discharge entering a drainage system. The data acquisition conducted with 3 section, 
data preparation, data collecting, and data processing. Data preparation is preparing the microcontroller, sensor, 
and data display to get the data. Data collecting is about collecting the data from sensor in this research the data 
collected is in pulse that can be calculated to water discharge and water velocity in the data processing. From the 
experiment, it can be seen that the highest error rate on the sensor is 7.64% and the lowest at 0% or no error with 
the average amount of error is 2.46%. The data obtained from the sensor can be converted into water velocity and 
water discharge depending on the shape of the drainage. The length, width and height of the drainage are 
assumed to be 10x4x3 m respectively, with a constant water level of 2 m, so the water flow sensor is placed at a 
height of 1 m because the safe height is 1 m. From the case study conducted the error rate of the water flow 
sensor error is 0%, because the case study conducted using imaginary data. Based from this, the knowledge gained 
from the research, it can be used to determine the water velocity and water discharge value of underground 
drainage using water flow sensor, which is expected to be applied to pump houses to more easily determine the 
state of drainage. 
 
Keywords: microcontroller, sensor, underground drainage, water discharge, water velocity 
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Introduction 
Flood is one of the disasters that can be caused by human negligence towards their 

environment, especially flood that occurs on the highway. Because the occurrence of flood in 
the road, it can hinder the flow of traffic in which will cause traffic jams. Therefore, it is necessary 

to reduce or mitigate flood on the highway, where one way is to make drainage. At 2023 flood 
is the third most occurring disaster in Indonesia [1]. 

Drainage is defined as a means of draining or disposing of water that is used to reduce 
excess water in an area so that the area is not flooded. The excess water can come from 

rainwater, seepage, or excess irrigation water. Drainage can be surface or subsurface. 

Underground drainage is a man-made structure built underground under roads or beside rivers. 
In addition, underground drainage also has the function of draining the water above it and 

directing it to the river [2]. 
One of the parameters that can be measured in the underground drainage is the water 

flow in the underground drainage. Knowing the speed of water flow is very important, by 

knowing the speed of water flow in the underground drainage, it can estimate the blockage in 
the drainage and estimate the water discharge parameter, so it can open the pump to direct 

mailto:ramawiramas@gmail.com
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water from the drainage to another drainage or the nearest river. In this way, it can mitigate 
the flood before it even happens.  

Previously there have been other researches to check the state or condition of 

underground drainage such as monitoring underground drainage using ultrasonic sensor to 
determine the water level of the drainage [3], [4], [5], [6], [7], [8]. Using the gas sensor to 

check the condition of the underground drainage [9]. Many researcher is using the flow sensor 
to find the water velocity and water discharge [10], [11], [12], [13], [14]. None of these 

researches explain the water flow rate, nor the water discharge rate by utilizing the dimensions 

of the underground drainage. So the research in this paper is to measure the parameters of 
water flow rate and water discharge using a water flow sensor. This water flow sensor uses hall-

effect technology to estimate the water flow rate. From the water flow rate obtained and the 
estimated drainage dimensions, the amount of water flowing in the drainage can be determined. 

 

Methodology 
Data acquisition on the water flow sensor is carried out to determine the speed of water 

flow and water discharge in the underground drainage. data obtained from the flow of water in 

the underground drainage and then processed through the water flow sensor using the Arduino 

UNO microcontroller and then the processed data is displayed using an OLED screen. Figure 1 
illustrates the block diagram of the data acquisition process from the underground drainage to 

the OLED screen or its output. 

 
Figure 1. Block diagram 

 

In Figure 1, the block diagram of the system is started from the place or location, then the 
flow sensor gets the data from the water in the underground drainage. The data obtained from 

the sensor then processed with microcontroller. After that the output of data that processed in 
microcontroller is displayed in OLED display. 

From the block diagram the microcontroller used is Arduino UNO, it can be seen in Figure 

2 (a). For the flow sensor it used YF-S201 water flow sensor to obtained the water data, the 
image of this sensor is in Figure 2 (b). Lastly, for the display it used OLED 128X64 display, this is 

in Figure 2 (c). The schematic of this project can be seen in Figure 3. From the microcontroller 
pinouts, this module requires a voltage of 5V to operate. This module also uses 1 digital pinout, 

and 2 ADC pinouts. 
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          (a)               (b)           (c) 

Figure 2. (a) Arduino UNO, (b) YF-S201, (c) 128X64 OLED Display 

 

 
Figure 3. Wiring diagram of water flow data acquisition 

 
To understand how the water flow sensor work and how the data being acquisition it can 

be seen in Figure 4. 

 
Figure 4. YF-S201 working principle 

 

The water flows into the pipe on the sensor, which is then detected by hall effect technology 
on the sensor using turbine wheel. From Figure 4, there are 4 magnets in turbine wheel indicated 

by the color red. Every time the hall-effect detect the magnet it will increase the pulse by one, or 
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equal to 1 pulse. That mean the speed of turbine wheel depends on the speed of the water 
flowing through the pipe [15]. 

After that is data acquisition, data acquisition is divided into 3 sections it is data preparation, 

data collecting, and data processing. The first step is data preparation, data Preparation section 
prepares the tools that will be used to perform the experiments. For data acquisition, the tools 

prepared in the previous section are described here, namely microcontrollers, sensors, and data 
display screens as it can be seen in Figure 3. For the place where the test will be carried out for 

now, it will still be carried out using a faucet to measure the speed of the water flow and the 

incoming water discharge depending on the number of impulses obtained in a certain period of 
time. 

The next section is data collecting, this section is about collecting the data is with tools that 
already prepared in the previous section. In this research data collection is done using a water 

flow sensor on the microcontroller. The data is collected by connecting the sensor with a water 
tap using a hose in simulated condition. Conditions are simulated by turning the used water tap 

at different speeds within a given time. In this way, different impulse values and volumes of water 

are obtained in the same period of time. The measurement error rate of this sensor based from 
the data sheet is estimate to be around 10 or 5% and it is already enough precision for this 

research. The parameter obtained from this test is pulse, water volume, and frequency. 
In order to determine whether the sensor used is working properly, a measurement test of 

the sensor is performed by experimenting twice on the same volume of water at the same height 

of the measuring cup in 15 seconds. To find the error value of each experiment and the average 
error of all experiments, Equation (1) and Equation (2) are used. 

𝑒𝑟𝑟𝑜𝑟 = |100 − ((
𝑓1

𝑓2
) 100)| (1) 

  

𝑒𝑟𝑟𝑜𝑟̅̅ ̅̅ ̅̅ ̅̅ =
∑ 𝑒𝑟𝑟𝑜𝑟

𝑁𝑇𝑒𝑠𝑡

 

 

(2) 

Where 𝑓1 is first test frequency (Hz),  𝑓2 is second test frequency (Hz),  𝑁𝑇𝑒𝑠𝑡 is the number of 

test conducted, 𝑒𝑟𝑟𝑜𝑟 is number of error (%) and 𝑒𝑟𝑟𝑜𝑟̅̅ ̅̅ ̅̅ ̅̅   is average of total error (%) 

 

Data processing is the third section of data acquisition, where the previously collected data 

is converted into parameters that will be used in the case study to prove the formulas used is 
correct. For this research, the frequency parameters obtained in the previous stage are converted 

into water discharge and water flow parameters. 
After data acquisition, the parameters obtained are tested on a case study with random 

parameters with the limitations of the sensors used. for this experiment, the length, width and 
height of the drainage are 10x4x3 m. The length of the drainage is more than 100 m, but only 

the area within the 10 m will be calculated. The height of the water in drainage is assumed to be 

constant at 2 m, so the sensor is placed at a height of 1 m from the bottom of the drain. In the 
case study the limit of water flow velocity is 720 L/H or 12 L/minute using the linear exponential 

graph of the water flow sensor obtained from the sensor datasheet show in Figure 5.  
 

 
Figure 5. Flow Sensor Exponential Linear Graph  
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By looking at the graph in Figure 5, a table can be made that determines the relationship 

between frequency and water discharge. The relationship can be seen in Table 1. 

 
Table 1. Frequency comparison with water discharge 

 

Discharge(L/H) Frequency(Hz) 

120 16 

240 32.5 

360 49.3 

480 65.5 

600 82 

720 90.2 

 
Table 1 shows the comparison obtained from the linear exponential graph in Figure 5. This 

comparison is a benchmark for finding the water discharge with the frequency data obtained 
previously. The formula for finding the water discharge can be obtained by linear interpolation of 

two comparison data that are close to the frequency obtained. The formula is shown in Equation 

(3). 

𝑄𝑥 = 𝑄1 +
(𝑓𝑥−𝑓1)(𝑄2−𝑄1)

(𝑓2 − 𝑓1)
 

 

(3) 

Where Qx is interpolated water discharge (L/H), fx is interpolated frequency (Hz), Q1 is f1 water 
discharge (L/H), f1 is frequency smaller than fx (Hz), Q2 is f2 water discharge (L/H) and f2 is 

frequency bigger than fx (Hz). 
 

By knowing the formula for finding the water discharge, the speed of water flow can be 
found. To find the water flow velocity, the cross-sectional area through which the water flows 

and the water discharge are required. With the previous explanation, the water flow velocity can 

be found by using the continuity equation. Before executing the continuity equation, the hour 
unit on the water discharge from the results of Equation (3) must be converted to seconds by 

dividing by 3600. With the previous explanation, it can be seen in the formula Equation (4).  

𝑣 =

𝑄
3600⁄

𝐴
 

 

(4) 

Where v is water velocity (m/s), Q is water discharge (L/H), meanwhile A  is water cross-section 

area (m2). 
 

The design of this project utilize Arduino IDE as it software tool. Arduino IDE is used to 
programmed Arduino IDE in the project. The program consists of receiving input from the flow 

sensor and displaying the pulse received in the flow sensor in the OLED display. Figure 6 display 

the code, library and syntax used in programming this project. 
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Figure 6. The code of this project in Arduino IDE 

 

Results and Discussions 
Data acquisition in this project conducted in 3 step data preparation, data collection, and data 

processing. In every step the experiment is conducted to ensure the data obtained is not full of 
error. 

 

Sensor Calibration 
To ensure the flow sensor work correctly, an experiment is needed to prove that the 

equation before is correct by displaying the frequency pulse signal using an oscilloscope. In this 

experiment, the oscilloscope settings used are 5V for Volt/Div, 10ms Time/Div. The voltage is set 
to 5V because the highest voltage is at 5V, so it is easy to calculate div. The time is set to 10ms 

because the signal is clearly visible on the oscilloscope. The signal can be seen in Figure 7, the 

signal obtained is in the form of a step signal. 
 

 
Figure 7. Oscilloscope signal 

 

From the signal, it can be seen that one period is 4 Div, so to find the signal time, Time/Div 

set previously is multiplied by number of Div for one period (T) to get a time of 40ms. Because 
the time has been obtained, the frequency can be found using the Equation (5). 

𝑓 =
1

𝑇
 (5) 

From the Equation (5) the frequency obtained is 25 Hz. Because Div in Volt/Div is only 1 
Div, the voltage obtained is 5V. The frequency obtained will continue to decrease over time as 

the water tap is turned down until it closed as seen at the graph in Figure 8. It can be seen that 

the water flow velocity will continue to decrease as the water tap turned down more and more 
until it fully closed.  



Jurnal Manajemen Teknologi dan Informatika 

15 

 

 

 
Figure 8. Effect of water tap closed slowly every second. 

 
The parameter values of the graph can be seen in Table 2, which shows the effect of time 

(ms) on the frequency obtained. It can also be seen that the frequency value decreases the 

longer the faucet of the calibration tool is open. This is because the more water that comes out 
of the faucet, the more the volume of water in the calibration tool decreases, causing a decrease 

in the frequency detected. 

 
Table 2. Frequency obtained over time 

 

No (s) Time/

Div 

Div Time 

(ms) 

Frequency 

(Hz) 

1 10 4 40 25.00 

2 10 4 40 25.00 

3 10 6 60 16.67 

4 10 7 70 14.29 

5 10 7 70 14.29 

6 10 7 70 14.29 

7 10 7 70 14.29 

8 10 8 80 12.50 

9 10 8 80 12.50 

10 10 8 80 12.50 

11 10 8 80 12.50 

12 10 9 90 11.11 

13 10 10 100 10.00 

14 20 8 160 6.25 

15 20 8 160 6.25 
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Data Collection 
Based from the explanation in the methodology about data collection, the data collecting 

conducted can be seen in Figure 9 to get the pulse data. 
 

 
Figure 9. Data collection with water flow sensor 

 
In Figure 9, the experiment was conducted on the direct sensor. The data collected in the 

experiment are two: pulse data and water volume data. The pulse data is obtained from the 

direct sensor, and the water volume data is obtained from the measuring cup. The first 
experiment was carried out by looking for pulses with a specified volume of water within 15 

seconds. This experiment was repeated 25 times with different volumes to determine the number 
of errors and the average error of the sensor used. The second experiments were conducted in 

different time periods, namely 5 seconds, 7 seconds, 10 seconds and 12 seconds. By obtaining 

the parameters of the pulse and water volume, it can be find the frequency parameter using the 
formula on Equation (6). The obtained parameters are shown in Table 3 and Table 4. 

𝑓 =
𝑥

𝑡
 

 
(6) 

Where f is frequency (Hz), x is pulse and t represent time (s). 
 

Table 3. Experimental data from the calibration test in 15 seconds 
 

No 
Water Volume 

(mL) 

Pulse 

1 

Pulse 

2 

Frequency 1 

(Hz) 

Frequency 2 

(Hz) 

Error 

(%) 

1 600 325 343 21.67 22.87 5.25 

2 650 373 378 24.87 25.20 1.32 

3 700 405 398 27.00 26.53 1.76 

4 750 425 410 28.33 27.33 3.66 

5 800 455 461 30.33 30.73 1.30 

6 850 509 488 33.93 32.53 4.30 

7 900 522 522 34.80 34.80 0.00 

8 950 579 551 38.60 36.73 5.08 

9 1000 605 611 40.33 40.73 0.98 

10 1050 613 631 40.87 42.07 2.85 

11 1100 645 667 43.00 44.47 3.30 
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No 
Water Volume 

(mL) 

Pulse 

1 

Pulse 

2 

Frequency 1 

(Hz) 

Frequency 2 

(Hz) 

Error 

(%) 

12 1150 679 644 45.27 42.93 5.43 

13 1200 688 701 45.87 46.73 1.85 

14 1250 713 722 47.53 48.13 1.25 

15 1300 735 736 49.00 49.07 0.14 

16 1350 785 787 52.33 52.46 0.23 

17 1400 815 801 54.33 53.40 1.75 

18 1450 811 845 54.07 56.33 4.02 

19 1500 873 811 58.20 54.07 7.64 

20 1550 902 904 60.13 60.27 0.22 

21 1600 932 921 62.13 61.40 1.19 

22 1650 961 991 64.07 66.07 3.03 

23 1700 965 993 64.33 66.20 2.82 

24 1750 1004 1022 66.93 68.13 1.76 

25 1750 1049 1052 69.93 70.13 0.29 

Error Average 2.46 

  
Using Equation (1) and Equation (2), we can find the error and average error from the 

data obtained in Table 3. In the table, the highest amount of error is 7.64% at 1500 ml water 

volume and the lowest amount of error is 0% or no error at 900 ml water volume. By averaging 
the number of errors from the total error obtained in 25 experiments, the amount found is 2.46%. 

According to the data sheet, if the error does not exceed 10%, the sensor can still be properly 
used. 

 

Table 4. Experimental data at various time intervals 
 

Time (s) Pulse Water 
Volume 

(mL) 

Frequency 
(Hz) 

5 387 750 77.40 

5 325 600 65.00 

5 405 1050 81.00 

5 386 600 77.20 

5 425 650 85.00 

5 397 700 79.40 

7 411 800 58.71 

7 309 600 44.14 

7 427 800 61.00 

7 338 650 48.29 

7 368 750 52.57 

7 407 750 58.14 

10 713 1350 71.30 

10 262 450 26.20 

10 579 1150 57.90 

10 613 1150 61.30 

10 455 900 45.50 

10 523 1000 52.30 
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Time (s) Pulse Water 

Volume 
(mL) 

Frequency 

(Hz) 

12 673 1300 56.08 

12 679 1300 56.58 

12 1047 2050 87.25 

12 878 1800 73.17 

12 605 1100 50.42 

12 725 1500 60.42 

 

Data Processing 
With the data obtained in Table 4, data processing is then performed on the frequency 

obtained in the previous data, which can be seen in Table 5. 
 

Table 5. Processed data of water discharge by time interval 
 

Time (s) Frequency (Hz) Water Discharge 

(L/h) 

5 58.71 429.7354497 

5 44.14 323.1632653 

5 61.00 446.6666667 

5 48.29 352.755102 

5 52.57 384.2328042 

5 58.14 425.5026455 

7 58.71 429.7354497 

7 44.14 323.1632653 

7 61.00 446.6666667 

7 48.29 352.755102 

7 52.57 384.2328042 

7 58.14 425.5026455 

10 71.30 522.1818182 

10 26.20 194.1818182 

10 57.90 423.7037037 

10 61.30 448.8888889 

10 45.50 332.8571429 

10 52.30 382.2222222 

12 56.08 410.2469136 

12 56.58 413.9506173 

12 87.25 676.8292683 

12 73.17 535.7575758 

12 50.42 368.2716049 

12 60.42 442.345679 

 

From Table 5 it can be seen that there is no water flow, this is because the area is not 

known, so Equation (4) cannot be used to obtain the parameters. For more depth, a case study 
is carried out with the shape of the sensor area. 

 

Case Study 
The shape of the underground drainage in this case study is shown in Figure 10. From the 

real image of the drainage system, it was converted into a schematic diagram to facilitate 

calculation. From the explanation of the methodology, it can be seen that the underground 

drainage is in the form of a beam, so the area of this drainage can be obtained using Equation 
(7) and the water volume can be obtained by multiplying the long, wide, and height. 



Jurnal Manajemen Teknologi dan Informatika 

19 

 

𝐿 = 2[(𝑙 × 𝑤) + (𝑙 × ℎ) + (ℎ × 𝑤)] 
 

(7) 

Where L is water cross-sectional area (m2), l is water long (m), w is water wide (m) and h is 

water height (m) 
 

 
Figure 10. Underground drainage shape 

 

After obtaining the area and the water volume, the experiment can be carried out by trying 
to enter the randomized pulse parameter 10 times for comparison. With the known parameters 

of area, water volume and pulse, we can find the water discharge with Equation (3) and water 
flow with Equation (4), the results can be seen in Table 6. 

 

Table 6. Case study result 
 

No Pulse 
Wtr Vol 

(Ltr) 

Wtr Area 

(m2) 

Freq 

(Hz) 

Wtr Discharge 

(L/H) 

Wtr Flow 

(m/s) 

1 1964 80 136 32.73 241.6666667 0.000493600 

2 3753 80 136 62.55 458.1481481 0.000935760 

3 5024 80 136 83.73 625.3658537 0.001277300 

4 1663 80 136 27.72 205.2121212 0.000419142 

5 2701 80 136 45.02 329.4047619 0.000672804 

6 4876 80 136 81.27 589.2682927 0.001203571 

7 3877 80 136 64.62 473.4567901 0.000967028 

8 2257 80 136 37.62 276.5476190 0.000564844 

9 2812 80 136 46.87 342.6190476 0.000699794 

10 4528 80 136 75.47 504.3902439 0.001030209 

 

From Table 6 it can be seen that the result of the previous calculation based from 10 
imaginary number randomly selected for the pulse. Because it still in imaginary number the test 

is still 0% error if it based from the equation. 
 

Conclusion 
Data acquisition for underground drainage was performed. From the calibration of the water flow 

sensor, it can be proved that the frequency obtained when the water tap closes becomes smaller, 
which is proved by experiments with an oscilloscope. From the above experiment, it can be seen 

that the highest error rate on the sensor according to Table 3 is 7.64% and the lowest at 0% or 

no error with the average amount of error is 2.46%. Through this experiment, the sensor can be 
used to find the water discharge by using the frequency obtained from Equation (6). From the 

results, the water discharge can be found by linear interpolation by comparing two coordinates 
that are close to the frequency obtained according to Table 5. Then, the water flow velocity can 

be found with the obtained water discharge. For this case study, there is no average error because 

the use of formulas in calculations does not use sensors, but uses random data. In future 
research, water level sensors can be added and direct experiments on underground drainage can 

be conducted to obtain more complete research results. 
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Abstract: Corn production trends in Indonesia from 2020 to 2024 were analyzed to address regional disparities 
and enhance data-driven agricultural decision-making. Datasets from the Ministry of Agriculture and the Central 
Bureau of Statistics were integrated, transformed, and visualized using Microsoft Power BI, with a focus on 
evaluating fluctuations in harvested area, production volume, and productivity. Key objectives included 
identifying challenges linked to fragmented data and external disruptions. An Extract-Transform-Load (ETL) 
framework harmonized pre-2023 and post-2023 datasets, enabling standardized comparisons across 38 
provinces. Results indicated a production peak of 486,000 tons in 2022, followed by a 4.5% decline in 2023 due to 
adverse climatic conditions and supply chain instability, and partial recovery to 15.2 million tons in 2024. 
Pronounced regional disparities emerged: West Java recorded 80 quintals per hectare productivity, while 
urbanized regions like Jakarta reported negligible output. The analysis underscores the efficacy of Business 
Intelligence (BI) tools in converting raw agricultural data into strategic insights, offering policymakers pathways 
to optimize resource allocation, mitigate inequities, and strengthen climate-resilient practices. These outcomes 
highlight BI’s transformative potential in advancing sustainable agricultural development and adaptive 
governance frameworks. 
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Introduction 
Indonesia, as one of Southeast Asia’s largest agricultural producers, plays a critical role in 

regional food security and economic stability [1]. Agriculture significantly contributes to the 
nation’s GDP, employment, and socio-economic development. Among its key agricultural 

commodities, corn holds strategic importance as a dual-purpose crop: it serves as a staple food 
source for millions and a primary ingredient in livestock feed production [2]. Efficient corn 

production management is essential to ensure food security, support the livestock sector, and 
drive sustainable economic growth [3]. 

Despite its significance, Indonesia faces persistent challenges in optimizing corn 

production. Agricultural data crucial for policymaking are often fragmented, multidimensional, 
and inconsistently formatted across regions [4]. This lack of standardization hinders stakeholders 

from leveraging data effectively, resulting in suboptimal resource allocation, uneven productivity, 
and stark regional disparities [5]. External factors such as climate change, supply chain 

disruptions, and market volatility further complicate production planning, adding layers of 

complexity to agricultural management [6]. 
Technological advancements in information systems, particularly Business Intelligence 

(BI), offer transformative solutions. BI tools like Microsoft Power BI enable the integration, 
transformation, and visualization of complex datasets, empowering stakeholders to make data-

driven decisions [7]. For instance, Microsoft Power BI a BI platform facilitates the creation of 

interactive dashboards and real-time analytics, allowing users to explore data dynamically [8]. 
Modern BI tools incorporate OLAP (Online Analytical Processing), a data analysis technique that 

organizes information rapid querying and aggregation, enabling stakeholders to dissect 
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agricultural datasets across critical dimensions such as region, time period, and production scale 
and systematically uncover latent patterns and trends essential for strategic decision-making [9]. 

Together, these IT innovations empower users to identify trends, detect inefficiencies, and make 

data-driven decisions across a wide range of sectors, including agriculture [6]. 
Corn production in Indonesia is influenced by multiple interrelated factors, including 

harvested area, productivity per hectare, access to farming technologies, and external conditions 
such as weather and market dynamics [10]. Each of these factors contributes to the overall 

production landscape, and understanding their interactions requires sophisticated data analysis 

methods [4]. For instance, disparities in productivity between provinces are often linked to 
unequal access to resources such as high-quality seeds, fertilizers, and irrigation systems. 

Similarly, technological adoption, government support, and infrastructure availability play a crucial 
role in determining the efficiency of agricultural activities in different regions. Addressing these 

disparities is essential to achieving equitable development and ensuring that all regions can reach 
their full potential. 

To tackle these challenges, this study focuses on applying Business Intelligence to analyze 

corn production data in Indonesia during the 2020–2024 period. The integration of Business 
Intelligence with large-scale agricultural datasets has been shown to enhance decision-making 

capabilities by leveraging advanced data processing and real-time analytics [11]. Microsoft Power 
BI is employed to process, analyze, and visualize the data, providing stakeholders with an intuitive 

and interactive platform to explore production trends and regional disparities. The research 

methodology incorporates an Extract, Transform, Load (ETL) process to ensure the accuracy, 
consistency, and reliability of the data. This process involves extracting data from official statistical 

sources, transforming it into a standardized format, and loading it into a BI platform for 
comprehensive analysis [12]. The OLAP-like features integrated within Power BI enhance the 

analysis by enabling users to drill down into detailed data dimensions, compare metrics across 
regions and time periods, and aggregate results at varying levels of granularity [9]. Using Power 

BI dashboards, stakeholders can interactively explore key metrics such as harvested area, 

production volume, and productivity per hectare across different regions [7]. These visualizations 
highlight patterns, identify underperforming regions, and enable targeted interventions to address 

productivity gaps. 
Beyond addressing agricultural challenges, this study emphasizes the broader role of 

advanced information systems in revolutionizing data management across various domains. 

Traditional methods of data analysis often rely on static reports and manual processing, which 
are time-consuming and prone to errors. In contrast, BI tools offer dynamic and automated 

solutions that significantly enhance the accessibility and usability of data [6]. By transforming raw 
data into actionable visual insights, these platforms enable stakeholders to make informed 

decisions based on real-time information. This capability is particularly valuable in a rapidly 

changing environment where timely and accurate data is essential for effective decision-making 
[13]. 

The integration of Business Intelligence into agricultural data management not only 
improves operational efficiency but also fosters collaboration among various stakeholders. 

Government agencies, private organizations, and local communities can leverage shared digital 
platforms to coordinate efforts, align strategic goals, and implement policies that address systemic 

challenges [14]. For example, insights derived from Power BI dashboards can guide policymakers 

in designing programs to support underperforming regions, allocate resources more effectively, 
and mitigate the impacts of external disruptions such as climate change and market volatility. 

This collaborative approach ensures that decision-making is inclusive, data-driven, and aligned 
with the broader goals of sustainable development. 

Furthermore, this research highlights the potential of advanced information systems to 

drive innovation and sustainability in agriculture. By providing clear, data-driven insights, BI tools 
enable stakeholders to identify inefficiencies, optimize resource allocation, and develop strategies 

that promote resilience and adaptability [15]. This aligns with global efforts to achieve sustainable 
development goals, particularly those related to food security, economic growth, and 

environmental sustainability. The application of BI in agricultural data management demonstrates 
how cutting-edge technology can be harnessed to address complex challenges, unlock new 

opportunities, and improve the overall efficiency of critical sectors [6]. 
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Ultimately, this study underscores the transformative power of information systems in 
enabling data-driven decision-making. By leveraging Microsoft Power BI to analyze and visualize 

corn production data, the research provides a blueprint for integrating advanced IT solutions into 

agricultural management practices [15]. The findings aim to equip stakeholders with actionable 
insights that can guide evidence-based strategies to enhance productivity, address regional 

disparities, and strengthen the resilience of Indonesia’s agricultural sector. Moreover, the study 
serves as a testament to the broader relevance of modern information systems in driving 

innovation, fostering collaboration, and supporting sustainable development across diverse 

sectors.    
 

Methodology 
This study analyzes corn production data in Indonesia for the period 2020–2024 using a 

Business Intelligence approach based on Microsoft Power BI. Data were collected from official 
reports issued by the Ministry of Agriculture and the Central Bureau of Statistics (BPS). The 

process begins with the collection of secondary data on corn production, harvested area, and 
productivity from these official sources. 

After collection, the next stage is the Extract, Transform, Load (ETL) process. In the 

extraction phase, data from two different periods (2020–2022, referred to as the Pre-2023 
Dataset, and 2023–2024, referred to as the Post-2023 Dataset) are obtained. In the 

transformation phase, the two datasets are merged into one unified dataset. Common fields (for 
example, year, province, harvested area, production volume, and productivity) are aligned so that 

both datasets share the same column structure. Duplicate rows are removed to maintain data 

accuracy, and missing values for provinces not established in 2020–2022 are set as NULL or zero. 
Data gaps for newly established provinces in 2023–2024 are clearly marked, and province names 

are standardized across both periods to ensure consistency. In the loading phase, the cleansed 
and merged dataset is imported into Microsoft Power BI.   

 
Figure 1. Flowchart of the research process 

 
The flowchart in Figure 1 outlines the comprehensive research process, beginning with the 

collection of secondary data from official sources. Once the data are gathered, the process moves 

into the ETL phase, where data from two distinct periods (2020–2022 and 2023–2024) are 
extracted and merged into a unified dataset. During the transformation stage, the data undergo 

rigorous cleaning procedures including column alignment, duplicate removal, handling of missing 
values, and standardization of units and province labels to ensure consistency. After 

transformation, the cleaned data are loaded into Microsoft Power BI, where a robust data model 
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is constructed by defining relationships and setting appropriate data types, utilizing Power BI’s 
in-memory OLAP capabilities for multidimensional analysis. Finally, the process culminates in the 

creation of interactive dashboards and visualizations, which enable users to filter and explore 

trends in corn production such as variations in harvested area, production volume, and 
productivity across different provinces and time periods, ultimately transforming raw data into 

actionable insights for informed decision-making. 

 
Figure 2. ETL process 

 

Figure 2 presents an expanded view of the ETL process. It starts with the extraction of 

data from two separate datasets: the Pre-2023 Dataset (2020–2022) and the Post-2023 Dataset 
(2023–2024). The process then moves to the transformation phase, where several key steps are 

performed. First, the merging of datasets is executed to consolidate all records into one unified 
dataset; next, column alignment is carried out so that common fields are uniform; then, duplicate 

rows are identified and removed; afterward, missing values are handled by setting them as NULL 

or zero for provinces not present in the earlier period; subsequently, unit standardization is 
performed to ensure consistency in measurements (for example, converting harvested area to 

hectares and production volume to tons); finally, province labels are standardized to ensure 
uniform naming across the entire dataset. The final step in this flowchart is the loading of the 

processed data into Microsoft Power BI, where it is further modeled for multidimensional analysis. 
Once the data are loaded into Power BI, a data model is established by defining relationships and 

setting data types. This step, known as data modeling, utilizes Power BI’s in-memory OLAP 

capabilities to support multidimensional analysis across regions and time periods. Data 
visualization is the next stage, where interactive dashboards and visual representations are 

created. These visualizations allow users to filter and explore trends in corn production, revealing 
changes in harvested area, production volume, and productivity across various provinces and 

time periods. 

 

 
Figure 3. Screenshot of raw data 

 
Figure 3 displays a screenshot of the consolidated raw data used in this study. The dataset 

comprises data for 38 provinces and includes fields such as year, province, harvested area, 
production volume, and productivity. The rows represent individual records for each province and 

year, while the columns correspond to the key variables mentioned. This visual confirmation 

ensures that the data have been accurately integrated and are ready for detailed analysis. 
The evaluation and results analysis phase follows visualization, where the insights derived 

from the interactive dashboards are interpreted to inform conclusions and recommendations for 
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the agricultural sector. This systematic methodology, which integrates data consolidation within 
the transformation phase of the ETL process along with rigorous data modeling and advanced 

visualization in Power BI, ensures that the analysis is based on accurate, standardized data. The 

interactive dashboards developed enable users to explore trends in corn production across 
different regions and timeframes, ultimately supporting robust, data-driven decision-making in 

the agricultural sector. 
 

Results and Discussions 
Using Microsoft Power BI, this study thoroughly examined corn productivity data to generate 

interactive visualizations and dashboards that offer a comprehensive insight into regional trends. 

The analysis revealed notable patterns in harvested area, production volume, and productivity 
metrics, along with significant variations among provinces. These outcomes were discussed to 

assess their implications for agricultural policy and directions for future research. 
 

Results 
The data utilized in this study comprises annual corn productivity statistics, including 

harvested area, production volume, and productivity across various regions. It was obtained in 
Excel format from official sources. Preprocessing involved removing invalid or duplicate entries, 

normalizing formats, and grouping data by region and year. Data processed in the initial phase 

was then uploaded to Power BI, where visualizations were tailored to meet analytical needs. 
Graph types include bar charts to compare harvested areas, production volumes, and productivity 

across regions. An interactive dashboard was developed to integrate various visualizations and 
offer users the ability to filter data by year, region, or other categories. 

 

 
Figure 4. Corn productivity dashboard 
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The dashboard includes key visualizations such as the average harvested area per year, 
the average production volume per year, and the average productivity per hectare, all of which 

work together to provide critical insights into corn production trends. These visualizations offer a 

comprehensive overview of production metrics that are essential for understanding performance 
over time. Figure 4 illustrates this dashboard, which is designed to allow users to interact with 

the data dynamically, thereby enabling them to explore and analyze production trends across 
different regions and years in a highly intuitive manner. 

 

 
Figure 5. Average harvested area and production trends 

 
Figure 5 delineates the temporal progression of the average harvested area and production 

volume from 2020 to 2024 and elucidates the inherent responsiveness of the corn production 
system to external perturbations. The peak observed in 2022, characterized by an 81.3 thousand-

hectare harvested area and a production volume of 486 thousand tons, serves as a benchmark 

for optimal production conditions. In contrast, the marked decline in 2023 underscores the 
susceptibility of the production process to adverse meteorological events and supply chain 

disruptions, thereby highlighting systemic vulnerabilities. The subsequent, albeit incomplete, 
recovery in 2024 indicates that while remedial measures may ameliorate some adverse impacts, 

a latent fragility persists that warrants further intervention. 
This visualization provides a critical empirical foundation for advocating enhanced risk 

management practices, infrastructural investments, and the integration of advanced forecasting 

technologies. Such measures are imperative for sustaining production stability and mitigating the 
effects of exogenous shocks, thereby reinforcing the strategic value of Business Intelligence tools 

in agricultural decision-making. 
 

 
Figure 6. Average corn productivity per province 
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This chart clearly highlights significant productivity differences across provinces. For 
instance, West Java recorded the highest productivity, achieving an impressive level of around 

80 quintals per hectare, while Jakarta registered no production data due to its completely urban 

landscape lacking any agricultural land. Additionally, East Nusa Tenggara exhibited the lowest 
productivity, with levels falling below 40 quintals per hectare. These variations not only reflect 

differing efficiencies in land use influenced by factors such as soil quality, access to modern 
technology, and overall resource management practices but also offer critical insights into 

regional disparities within the agricultural sector. Figure 6 provides a detailed visual comparison 

of these productivity levels, serving as an empirical foundation for further investigation into the 
effectiveness of localized agronomic practices and supporting targeted interventions aimed at 

optimizing production efficiency across diverse regions. 
 

 
Figure 7. Corn production by province 

 

Horizontal bar charts vividly illustrate the production capacities of various provinces over 

the period from 2020 to 2024. For instance, East Java led with a production exceeding 4 million 
tons, followed by significant contributions from Central Java and North Sumatra. In contrast, 

regions such as Jakarta showed no production data due to its urbanized landscape that lacks 
agricultural land, and several provinces in Papua (including Southwest Papua, South Papua, 

Central Papua, and Highland Papua) have missing data for 2020–2022 as they were newly 

established administrative regions. These visualizations provide not only a clear differentiation of 
regional production capacities but also serve as a critical indicator for identifying areas that may 

benefit from focused developmental strategies. By pinpointing these disparities, the chart offers 
valuable insights into where infrastructural investments and tailored policy interventions could 

bolster agricultural development and enhance regional productivity. Figure 7 , therefore, acts as 
a foundational reference for both researchers and policymakers aiming to understand and address 

the spatial imbalances in corn production across the nation. 
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Figure 8. Annual harvested area trends 

 

Annual trends in harvested area from 2020 to 2024 exhibit fluctuations driven by factors 

such as climate change and land allocation policies. In 2022, the harvested area peaked at 2.81 
million hectares, followed by a decline to 2.48 million hectares in 2023, and a slight recovery in 

2024. This pattern is significant because it reflects how environmental conditions and policy 
decisions directly affect agricultural land use. The decline in 2023 may indicate the impact of 

adverse weather conditions or shifts in land management practices, suggesting vulnerabilities in 

the current agricultural framework. Moreover, the partial recovery in 2024 implies that while some 
corrective measures may have been effective, the system has not yet returned to its previous 

optimal state. Figure 8 offers a clear view of these temporal trends and anomalies, serving as a 
vital empirical basis for further investigation into the dynamics between environmental factors, 

land policy, and agricultural productivity. 
 

 
Figure 9. Annual corn production trends 
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Production trends mirror those observed in the harvested area, with 2022 achieving the 
highest output at 15.5 million tons, a decline to 14.8 million tons in 2023, and a partial recovery 

to 15.2 million tons in 2024. This pattern is significant because it underscores the direct influence 

of external factors such as climate variability, market dynamics, and infrastructural constraints on 
corn yields. The drop in production in 2023 may reflect the adverse effects of unfavorable weather 

and supply chain disruptions, while the recovery in 2024 suggests that mitigation strategies and 
adaptive practices are beginning to yield positive results. Figure 9 provides a visual representation 

of these fluctuations and serves as an empirical foundation for analyzing the resilience of corn 

production systems, highlighting the need for continuous monitoring and targeted policy 
interventions to stabilize yield performance over time. 

 

 
Figure 10. Summary metrics 

 
A scorecard in Figure 10 summarizes key performance indicators such as average 

production (2.09 million tons per year), average productivity (258.73 quintals per hectare), and 

average harvested area (359.45 thousand hectares per year). These aggregate metrics not only 
provide a snapshot of overall corn production performance but also offer a robust framework for 

benchmarking agricultural outcomes. The integration of these indicators allows policymakers to 
evaluate production efficiency and identify critical areas for improvement. Furthermore, the 

summary metrics serve as a basis for comparing historical trends and projecting future 

performance under varying policy scenarios and environmental conditions. This empirical 
foundation is essential for designing targeted interventions and optimizing resource allocation 

within the agricultural sector. 
 

Discussions 
The results highlight significant trends and disparities in corn productivity across regions 

and years, offering insights into various factors that affect production performance. The peak in 
harvested area and production volume in 2022 likely reflects favorable conditions, including 

improved weather and government interventions, whereas the subsequent decline in 2023 

underscores the vulnerabilities of agricultural production to external disruptions such as climate 
change and supply chain issues [5]. The partial recovery in 2024 suggests that corrective 

measures have been effective, yet it emphasizes the need for sustained efforts to maintain 
stability in production levels. 

Regional disparities in productivity are evident; for example, West Java’s high productivity 

points to the benefits of advanced agricultural technologies, robust infrastructure, and efficient 
resource management [4], [6]. In contrast, areas with lower productivity encounter challenges 

such as poor soil quality, limited access to modern farming methods, and insufficient 
infrastructure. While Jakarta’s lack of corn production is an anticipated outcome due to its 

predominantly urban landscape and limited agricultural zones, this phenomenon warrants a 

deeper exploration of urbanization’s broader implications on regional agricultural dynamics. Urban 
expansion often precipitates significant changes in land use, influencing not only the availability 

of arable land but also altering food supply chains and economic relationships between urban 
centers and their rural peripheries. For instance, Jakarta’s case can be seen as a microcosm of 

how rapid urban development may lead to increased dependency on food production from 
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surrounding regions, potentially creating vulnerabilities in local food security and contributing to 
socio-economic disparities. Further research should investigate these urban-rural linkages, 

examining how shifts in demographic patterns, land use policies, and infrastructure development 

collectively impact agricultural productivity and regional sustainability. Such insights would 
provide a more nuanced understanding of how urbanization, while expected to reduce local 

production, also plays a pivotal role in shaping broader agricultural and economic landscapes. 
Similarly, the lack of data for Papua, Southwest Papua, South Papua, Central Papua, and Highland 

Papua during 2020–2022 is attributed to their recent administrative establishment rather than a 

failure in production, underscoring the impact of evolving regional boundaries on data reporting. 
Integrating these findings with established agricultural theories reinforces the importance 

of adopting precision agriculture techniques and data-driven policymaking. The use of Power BI 
in this study demonstrates how modern Business Intelligence tools can transform raw data into 

actionable insights, thereby supporting more efficient decision-making. These insights suggest 
that targeted policies are needed to address regional disparities, improve data collection in newly 

established regions, and prioritize technological advancements. Future research should explore 

the long-term impacts of these interventions and expand the application of data visualization tools 
to additional crops and regions, further contributing to sustainable agricultural development 

across Indonesia [7], [8], [14].  

 

Conclusion 
This study underscores the transformative role of Business Intelligence in addressing Indonesia’s 
agricultural challenges, particularly in analyzing corn production trends and regional disparities 

between 2020 and 2024. Using Microsoft Power BI, the research revealed critical insights into 

production volatility linked to climate disruptions, such as a 4.5% decline in 2023, and stark 
productivity contrasts between high-performing agrarian regions like West Java, which achieved 

80 quintals per hectare, and non-agrarian zones such as Jakarta. However, the study has 
limitations, including data gaps in newly established provinces such as Southwest Papua and 

reliance on a single BI platform, which may affect the generalizability of findings. Additionally, 
the simplification of external factors like interactions between climate and market dynamics may 

underestimate systemic risks. Future research should expand temporal and spatial granularity by 

integrating IoT and satellite data, employ machine learning to model compound risks such as 
simultaneous drought and inflation, and compare BI tools including Power BI and Tableau for 

agricultural applications. Exploring urban farming models in densely populated regions and 
tracking policy impacts through real-time BI dashboards could further bridge rural-urban divides. 

By addressing these limitations, interdisciplinary collaborations can advance equitable, data-

driven agricultural governance, ensuring resilience across Indonesia’s diverse landscapes. 
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Abstract: This study developed a hybrid model based on ISO/IEC 25010 and SERVQUAL to evaluate website quality 
holistically by combining technical dimensions and user perceptions. ISO / IEC 25010 is an international standard 
for evaluating the quality of software, including websites, based on technical characteristics such as Functional 
Suitability, Usability, Reliability, and Security. SERVQUAL, on the other hand, is used to measure quality based on 
user perception through five main dimensions: Tangibles, Reliability, Responsiveness, Assurance, and Empathy. 
This study aims to identify the gaps between user expectations and the reality of website performance by using 
both frameworks. The research method combines quantitative and qualitative approaches, with user surveys and 
direct observation as data collection tools. The results of the analysis showed that most website quality 
dimensions, such as Functional Suitability, Usability, Reliability, Responsiveness, and Security, were in the 
category of "very adequate," with a relatively small gap between actual and expected scores. This study also 
tested the validity and reliability of constructs using convergent and discriminant analysis, as well as hypothesis 
testing to identify significant influences between variables. Hypothesis test results show that usability, reliability, 
and satisfaction variables have a significant influence on user experience. At the same time, factors such as 
functional fit and physical appearance do not directly affect user experience. This hybrid model provides 
theoretical contributions by enriching the literature on website Quality Evaluation and practical contributions by 
providing guidance for website managers to improve the quality of their services based on the identification of 
gaps between actual performance and user expectations. 
 
Keywords: hybrid model, ISO/IEC 25010, SERVQUAL, website quality evaluation 
 
History Article: Submitted 24January 2025 | Revised 30 March 2025 | Accepted 22 April 2025 
 
How to Cite: A. P. T. Prameswari and M. Y. H. Setyawan, “Development of a hybrid model for website functional 
evaluation based on ISO/IEC 25010 and SERVQUAL”, Matrix : Jurnal Manajemen Teknologi dan Informatika,  vol.  15,  
no.  1,  pp.  32–39,  2025. doi.org/10.31940/matrix.v15i1.32-39.

 

Introduction 
In the digital era, websites have become essential elements for various organizations, 

whether in business, education, or public service sectors. A website's role is not only limited to 
providing information but also as a service provider that directly interacts with users. Therefore, 

maintaining website quality is a crucial step to ensure optimal user experience, reliable 
functionality, and stable system performance [1]. As user expectations increase, website quality 

evaluation has become increasingly complex. Many traditional evaluation methods have not been 
able to combine technical performance and user perception thoroughly. This creates a need for 

a more integrated and holistic evaluation approach, which not only assesses technical aspects 

but also considers user satisfaction and expectations. 
This research aims to address this challenge by developing a hybrid evaluation model that 

combines two main approaches, namely technical standards and service perceptions. This model 
is expected to provide a more comprehensive picture of website quality and identify gaps between 

actual performance and user expectations [2].  Specifically, the objectives of this research are 

develop a hybrid evaluation model based on ISO/IEC 25010 and SERVQUAL to improve the 
effectiveness of website functional quality assessment, identify the most influential dimensions 

and indicators on website quality and validate the model through factor analysis and hypothesis 
testing. This research also tests the model on an internship website that is used as a connecting 
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platform between job seekers and industries, thus directly contributing to the improvement of 
digital service quality. 

Through this approach, the research is expected to make a theoretical contribution to the 

development of website quality evaluation methods, as well as a practical contribution in providing 
guidance for website managers in designing service improvement strategies based on data and 

user perceptions [3]. This study applies the hybrid evaluation model to analyze an apprenticeship 
website that provides career-related services to students and job seekers. The website functions 

as a bridge between industries seeking skilled professionals and individuals looking for 

employment opportunities [4]. By implementing the hybrid model, this study aims to demonstrate 
its applicability in assessing website quality and improving user satisfaction. 

This research contributes to two main aspects. Theoretically, it enriches the literature on 
website quality evaluation by proposing a hybrid model that integrates technical and user 

experience perspectives. Practically, it offers valuable insights for website managers and 
developers in optimizing website performance based on a structured and user-centred evaluation 

framework [5]. By identifying and addressing gaps between actual performance and user 

expectations, website managers can implement targeted improvements to enhance overall 
service quality. Ultimately, this study provides a novel contribution to website evaluation 

methodologies, offering a systematic approach to improving digital service platforms.    
 

Methodology 
This research employs a mixed method approach, combining quantitative and qualitative 

methods to evaluate website quality comprehensively. The study aims to identify gaps between 

user expectations and actual website performance by integrating two main frameworks: ISO/IEC 
25010 and SERVQUAL. This hybrid approach allows for a holistic assessment of both the 

software's technical quality and the user experience [1]. 
The quantitative approach involves evaluating website quality based on the dimensions of 

ISO/IEC 25010 and SERVQUAL, forming a hybrid model that provides a comprehensive analysis 
of technical and service quality aspects [2]. The integration of these frameworks is illustrated in 

Figure 1, which demonstrates the relationship between technical quality dimensions and service 

quality aspects, highlighting how both frameworks work together to deliver a complete website 
evaluation. 

 

 
Figure 1. Hybrid model 
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Data Collection and Analysis 
The website evaluation was conducted through user surveys and direct observation. The 

surveys collected user perceptions regarding various website quality dimensions, while direct 
observation assessed technical elements such as interface design, response speed, and security 

features [6]. Performance efficiency testing was conducted using Google's PageSpeed Insights 

tool, where website efficiency was categorized into three levels based on performance scores, as 
shown in Table 1. 

 
Table 1. Performance score categories 

 

Eligibility Criteria 
Score Percentage 

(%) 

Slow 0% - 49% 

Average 50%-89% 

Fast 90%-100% 

 

A gap analysis was applied to compare website performance against user expectations, 
identifying discrepancies between anticipated and actual service quality. The interpretation of 

performance scores was based on SERVQUAL and ISO/IEC 25010, classifying website quality into 

five categories, as detailed in Table 2 [7]. 
 

Table 2. Quality score interpretation 
 

Eligibility Criteria 
Score 

Percentage (%) 

Very Inadequate 0% - 20% 

Inadequate 21% - 40% 

Sufficient 41% - 60% 

Adequate 61% - 80% 

Very Adequate 81% - 100% 

 

The study involved a sample of 650 respondents obtained through survey distribution. To 
analyze the collected data, Partial Least Squares Structural Equation Modeling (PLS-SEM) was 

employed to identify key dimensions affecting website quality. By integrating ISO/IEC 25010 and 

SERVQUAL, along with gap analysis and PLS-SEM, this research provides a comprehensive 
evaluation framework that serves as a basis for further website quality improvement and 

development. 
 

Results and Discussions 
Results 

After distributing the questionnaire, the collected responses were processed for analysis. 
This process includes analysis of respondents' answers based on a predetermined assessment 

scale. Previously, in the questionnaire there were 5 answer choices, namely Strongly Agree (SS), 

Agree (S), Neutral (KS), Disagree (TS), and Strongly Disagree (STS). These answer choices are 
designed to measure the respondent's level of agreement or perception of each indicator related 

to the question in each dimension studied [8]. 
The next step is to analyze the respondent's profile which contributes to their perception 

of the system under study. This respondent profile is important for understanding the 
demographic context that may influence assessment results. Table 3 shows the profile of 

respondents based on age and profession, which shows that the majority of respondents came 

from school and college students. 
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Table 3. Respondent profile 
 

Information Frequency % 

Age    

15-19 237 36 

20-25 199 30 

26-40 214 32 

Profession   

High school student 237 36 

College student 199 30 

Lecturer/Teacher 214 32 

 

This demographic context is important in interpreting how perceptions of website quality 
may vary based on age and educational background. Using ISO/IEC 25010 dimensions combined 

with SERVQUAL, the average actual scores and expectations were measured. The gap score 
(difference between actual and expected) indicates the performance shortfall [9].  

 
Table 4. Matrix assessment 

 

Dimensions 
Current Score 

(ISO/IEC 25010) 
Expectation 

Score 
Gap 

Eligibility 
Criteria 

Functional Suitability  4.07 5 0.93 Very Adequate 

Usability 4.09 5 0.91 Very Adequate 

Reliability  4.08 5 0.92 Very Adequate 

Responsiveness 4.13 5 0.87 Very Adequate 

Security 4.06 5 0.94 Very Adequate 

Tangibles  4.04 5 0.96 Adequate 

Empathy  4.09 5 0.91 Very Adequate 

User Experience  4.07 5 0.93 Very Adequate 

 

All dimensions achieved actual scores above 4.00, with responsiveness scoring the highest 
(4.13) and tangibles scoring the lowest (4.04). Despite the gaps, most dimensions fall into the 

“Very Adequate” category (≥81%), except for Tangibles, which is classified as “Adequate” (80%). 

To confirm the validity of the instrument, convergent and discriminant validity tests were 
performed. 

a. Convergent Validity: All indicators had a loading factor > 0.50. For example, E1 (0.742), F1 
(0.770), and R1 (0.694). 

b. Discriminant Validity: Each indicator correlated higher with its construct than with other 
constructs, satisfying the discriminant validity criteria. 

 

Table 5. Reliability test 
 

Construct Cronbach’s Alpha Composite Reliability 

F 0.532 0.755 

R 0.471 0.733 

S 0.629 0.780 

UE 0.588 0.755 

 
The results of the reliability test show that most of the constructs have a Cronbach's Alpha 

value greater than 0.50, although there are several constructs that are close to the minimum 
limit, such as the R construct (0.471). However, Composite Reliability for all constructs is above 

0.70, which indicates good reliability, with the examples of constructs F and UE each having a 

Composite Reliability value of 0.755. 
To evaluate the extent to which the independent variables in the model are able to explain 

the dependent variable, an R-Square analysis was carried out. The results of this analysis are 
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presented in Table 6, which provides an overview of the strength of the relationship between 
variables in the research model. 

 

Table 6. R-Square results 
 

Dependent Variable R² Value 

Satisfaction (S) 0.660 

Intention (IN) 0.544 

User Experience (UE) 0.880 

 

The R-Square value for the variables S (0.660), IN (0.544), and UE (0.880) shows that this 
model can explain the variance of the dependent variable quite well. The UE variable has the 

highest R-Square value, namely 0.880, which shows that the independent variables in this model 
greatly influence the user experience. 

After knowing the extent to which the independent variable is able to explain the dependent 
variable through the R-Square value, the next step is to test the causal relationship between the 

variables in the model. Hypothesis testing is carried out to identify the significant influence of 

each independent variable on the dependent variable, as summarized in the following results [10]: 
 

Table 7. Hypothesis testing 
 

Relationship Coefficient T-Statistic P-Value Significance 

F → Usability 0.759 15.983 0.000 
Strong 
positive 

effect 

R → Satisfaction 0.813 55.784 0.000 
Strong 
positive 

effect 

U → User 

Experience 
0.870 29.802 0.000 

Very strong 
positive 

effect 

T → User 

Experience 
0.157 4.687 0.000 

Moderate 
positive 

effect 

 
Based on the results of hypothesis testing in Table 7, most of the relationships between 

variables show significance, with a p-value <0.05. Significant relationships include F → U (T = 
15.983, P = 0.000), which indicates that functional suitability has a strong influence on ease of 

use, as well as U → UE (T = 29.802, P = 0.000), which indicates that usability has a large 

influence on user experience. In addition, the variable R → S (T = 55.784, P = 0.000) shows that 
reliability significantly influences user satisfaction, while RS → UE (T = 3.799, P = 0.000) and T 

→ UE (T = 4.687, P = 0.000) also has a significant impact on user experience. However, some 
relationships were not significant, such as F → UE (T = 0.856, P = 0.392) and T → U (T = 0.550, 

P = 0.583), indicating that functional suitability and physical appearance do not directly influence 
user experience or convenience. This confirms that usability, reliability and satisfaction factors 

are more dominant in influencing user experience. 

 

Discussions 
The results of the study reveal that most of the dimensions evaluated using the ISO/IEC 

25010 model were considered as "Very Adequate," with a significant gap between the actual and 

expected scores for certain dimensions, particularly Tangibles. The findings show that 
respondents perceive the system as reliable and usable [11]. However, there is a notable need 

for improvements in areas related to the tangible elements of the system, such as the interface 

design and aesthetics. This aligns with the findings from Priya and Khalil (2020), who emphasized 
the importance of software interface design in ensuring the overall quality of a web-based portal. 

Their study, which used the ISO/IEC 25010 model, also highlighted the significant role of user 
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perception in determining the adequacy of system elements such as functionality and usability 
[12]. 

Moreover, the reliability analysis, which shows satisfactory Cronbach's Alpha and 

Composite Reliability values, supports the reliability of the constructs being measured. However, 
some constructs, such as "Reliability" and "Responsiveness," had lower Cronbach's Alpha values, 

indicating slight inconsistencies in the internal consistency. Nevertheless, their high Composite 
Reliability values suggest that these constructs remain reliable. This finding corroborates Laurence 

and Candiwan's (2020) research, which demonstrated that while internal consistency might vary, 

the overall reliability of constructs could still be considered robust when Composite Reliability 
scores exceed the threshold of 0.70 [13]. 

The R-Square analysis, particularly the high value for User Experience (UE) (0.880), 
suggests that the independent variables in the study usability, reliability, and responsiveness have 

a strong impact on user experience, further supported by hypothesis testing results. These results 
align with previous research by Gelgel et al. (2024), which found that the user experience 

significantly influences the perceived quality of tourism communication platforms, similar to the 

way usability and responsiveness affect the user experience in software systems. Their study, 
which focused on local wisdom-based communication, reinforced the idea that the quality of 

interaction directly influences user satisfaction [14]. 
Overall, the study's findings highlight that while the software quality dimensions of 

functionality, usability, and reliability were perceived as very adequate, tangible elements, such 

as the interface design, require significant improvement to meet user expectations. This suggests 
a need for further enhancements in design aesthetics and system responsiveness to improve 

overall user satisfaction, as emphasized by Priya and Khalil (2020) and Laurence and Candiwan 
(2020) [15]. 

The implications of this study extend to both theory and practice. For theory, the findings 
contribute to understanding the role of ISO/IEC 25010 in assessing software quality from a user 

perspective. For practice, developers should prioritize improving the design and tangible elements 

of software systems, as these factors significantly impact user satisfaction. Future research could 
explore how specific design improvements, such as the implementation of more intuitive user 

interfaces, might reduce the gap between expected and actual user perceptions. 
This study also contributes to the development of software quality models by integrating 

user experience insights and providing empirical evidence on the importance of specific 

dimensions, such as usability and reliability, in driving user satisfaction and system acceptance. 

 

Conclusion 
This research succeeded in developing a hybrid model based on ISO/IEC 25010 and SERVQUAL 
to evaluate website quality holistically by combining technical dimensions and user perception. 

The analysis results show that most of the website quality dimensions, such as Functional 
Suitability, Usability, Reliability, Responsiveness, and Security are in the "Very Adequate" category, 

with a relatively small gap between actual and expected scores. Construct validity and reliability 

have also been tested, showing sufficient results to support further analysis. The results of 
hypothesis testing reveal that the variables usability, reliability, and satisfaction have a significant 

influence on user experience, whereas functional suitability and physical appearance do not 
directly influence it.  

This model provides a theoretical contribution by enriching the website quality evaluation 
literature and providing a practical contribution by guiding website managers to improve service 

quality based on identifying gaps between actual performance and user expectations. Therefore, 

it is recommended that website developers prioritize improving usability and reliability aspects 
that significantly affect user experience. Website managers should also conduct regular 

assessments using the hybrid model to monitor performance gaps over time. For future 
researchers, it is advisable to apply this model in various domains or platforms to validate its 

flexibility and scalability across different website types. Thus, this hybrid approach can be an 

effective framework for designing a more focused and efficient website quality improvement 
strategy.  
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Abstract: Fingerprint authentication has been extensively employed as a biometric method in diverse 
applications, including smartphones and embedded systems. Despite its advantages, this technology is 
susceptible to spoofing attacks using materials such as gelatin, posing a significant security risk. Numerous 
solutions have been proposed, but deep learning-based approaches often face challenges due to their large 
model sizes, limiting deployment in resource-constrained environments. To address this issue, we developed a 
lightweight and efficient fingerprint liveness detection model by integrating wavelet-attention with inverted-
bottleneck convolution. The proposed method balances computational efficiency with high accuracy, enabling its 
practical implementation on low-resource devices. The model was designed with only 874,000 parameters and a 
memory footprint of 4 MB, representing a significant reduction in size compared to conventional deep learning 
models. The use of wavelet-attention enhances feature extraction by focusing on multi-scale spatial details crucial 
for distinguishing live and spoof fingerprints. Extensive experiments were conducted on the LivDet dataset and 
a custom dataset, encompassing fingerprints captured from multiple sensors. The results demonstrated robust 
performance, achieving an average classification error (ACE) of 2.27 across various sensors, which is competitive 
with state-of-the-art methods. Additionally, the model exhibited consistent performance in scenarios with limited 
computational resources, highlighting its efficiency and scalability. These findings suggest that the proposed 
approach is a viable solution for enhancing the reliability of fingerprint liveness detection, particularly in 
applications requiring lightweight and resource-efficient models. 
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Introduction 
Fingerprint recognition has emerged as a widely adopted authentication method in 

contemporary systems. This biometric approach has been integrated into numerous applications, 
ranging from smartphone devices to laptop computers, as a primary authentication mechanism 

[1]. The preference for fingerprint-based biometric security systems over alternative biological 
components—such as electrocardiograms, electroencephalograms, iris scans, and facial 

recognition—can be attributed to its comparatively straightforward authentication process. The 

widespread adoption of fingerprint authentication in digital systems has precipitated significant 
security and privacy concerns within the field of biometrics.  

As with other authentication mechanisms, fingerprint-based systems introduce unique 
vulnerabilities to the security landscape. Of particular concern is the threat of fingerprint spoofing. 

Empirical studies have demonstrated that the success rate of fingerprint spoofing attacks can 
range from 68% to 100% [2]. These artificial fingerprints are typically fabricated using various 

material combinations, including gelatin and plastic molds [3]. The high efficacy of these forgery 

techniques underscores the critical need for advanced intelligent systems capable of robust 
liveness detection and fingerprint authenticity verification. There are already so many fingerprint 

liveness detection exist, ranging from a traditional digital image processing method to the use of 
deep learning. 
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The study presented in [4] conducts a comprehensive comparison of several texture 
feature descriptors, including Binarized Statistical Image Features (BSIF), Local Phase 

Quantization (LPQ), Weber Local Descriptor (WLD), Local Contrast Phase Descriptor (LCPD), and 

Rotation Invariant Co-occurrence among adjacent Local Binary Patterns (RicLBP). The findings 
indicate that the combination of LCPD and WLD enhances the effectiveness of fingerprint liveness 

detection. Meanwhile, other studies [5], [6], [7] and [8] have explored the synergy between 
fingerprint pore features, ridges and texture descriptors, demonstrating that integrating these 

complementary features can further boost the accuracy and reliability of liveness detection 

systems. Despite this promising approach, the performance of handcrafted features falls short 
compared to deep learning methods due to their lack of adaptability [9]. One of the first model 
to employ deep learning techniques in this context was introduced by [10], utilizing pre-trained 

convolutional neural networks (CNNs) to extract both CNN features and spatial features. The 

research is then followed by [11] and [12] where a ResNet architecture was combined with 
Transformer elements to enhance selectivity. By employing 830,000 parameters and multi-head 

attention layers, LFLDNet effectively extracts crucial information from fingerprint images. 
However, while these deep learning approaches, including LFLDNet, demonstrate 

significant improvements in feature extraction and selectivity, they often come with substantial 

computational costs. The complexity of models like ResNet combined with Transformers requires 
considerable processing power and memory, making them less suitable for resource-constrained 

environments. This trade-off between performance and efficiency remains a challenge in the 
application of deep learning for liveness detection systems. One model that caught our attention 

for its lightweight nature is FLDNet [13]. FLDNet, a dense model, exhibits a remarkably low 

misclassification rate of just 2%, coupled with a relatively small number of parameters. Previous 
studies have demonstrated that incorporating attention layers in deep learning models can 

significantly reduce the parameter count without sacrificing performance [9], [10]. However, 
dense models like FLDNet face limitations compared to alternatives such as wavelet-attention and 

convolutional models. Dense models generally struggle with efficiently capturing spatial 
hierarchies and multi-scale features, which are critical for robust liveness detection. In contrast, 

wavelet-attention, which integrates wavelet transforms with attention mechanisms, allows the 

model to more effectively extract critical features by considering spatial scale variations, while 
convolutional layers excel at learning localized patterns.  

To produce a lightweight and effective model, we employ an attention mechanism inspired 
by [11], utilizing wavelet-attention due to its proven superiority over conventional attention 

methods. This approach enables more efficient capture of fine details in image data while 

comprehensively addressing spatial scale variations. Additionally, we incorporate channel-wise 
convolution to further reduce the number of parameters without sacrificing the model's ability to 

extract critical features. By combining wavelet-attention with this convolutional technique, our 
model achieves enhanced efficiency and accuracy in liveness detection. 

 

Methodology 
Architectural Design 

This research aims to develop a lightweight fingerprint liveness detection model with a 

compact architecture and high accuracy, specifically optimized for deployment in resource-

constrained environments. The study was divided into three key phases: Our proposed model 
extends the MobileNetV2 architecture [14], incorporating a novel attention mechanism. 

Leveraging the Inverted Bottleneck block from MobileNetV2, we maintain a lightweight model 
suitable for resource-constrained environments. The comprehensive architecture is illustrated in 

Figure 1. The model is structured into three distinct stages, each designated for specific tasks. 
The initial stage, termed the "feet," processes high-level features from the input image, efficiently 

extracting information and rapidly reducing the image size. 
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Figure 1. The proposed model architecture 

 
The subsequent stage, referred to as "the body", focuses on intermediate feature 

extraction and transformation. This stage employs the Wavelet-Attention mechanism, enhancing 

the model's ability to capture and refine intricate details. By leveraging wavelet transforms, the 

body stage effectively balances computational efficiency with feature richness, ensuring robust 
performance across diverse input variations. This design allows for detailed feature representation 

while maintaining the model's overall efficiency. The final stage, termed "the head," is dedicated 
to final feature aggregation and classification.  

This stage consists of two Inverted Bottleneck layers, which further refine the features 

extracted from the previous stages. Following these layers, an adaptive pooling layer is employed 
to ensure a consistent output size, regardless of the input dimensions. The output is then flattened 

and passed through a linear layer, which performs the final classification. This structured 
approach ensures that the model effectively integrates features at multiple scales, culminating in 

a robust and accurate classification output. The overall detail of the proposed architecture can be 
seen through Figure 1 and Table 1. 

 

Table 1. Proposed model layer detail 

 

Stage Layer 
Kernel Size/Expansion 

Factor/Stride 

Output Shape 

(W, H, C) 

Feet 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (112, 112, 32) 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (56, 56, 64) 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (28, 28, 72) 

Body 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (28, 28, 72) 

Wavelet-Attention - (28, 28, 72) 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (14, 14, 92) 

Wavelet-Attention - (14, 14, 92) 

 

Head 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (14, 14, 216) 

Inverted Bottleneck (1 × 1), (3 × 3)/1/2 (14, 14, 216) 

Adaptive Average Pool - (1, 1, 216) 

Flatten - (32, 16) 

Linear 1 (32, 1) 

 

Wavelet-Attention Mechanism 
The wavelet-attention mechanism employed in this model draws inspiration from [15]. 

Consider an image 𝐼 with dimensions 𝑀 × 𝑁. As 𝐼 represents a digital signal, it can be decomposed 

into multiple sub-bands wavelets 𝑤 using the discrete wavelet transform (DWT) with a specific 

wavelet family 𝛾, as expressed in Equation (1). This decomposition yields in a series of sub-band 

coefficients that encapsulate various frequency components of the original image. Specifically, 
𝑤𝑙𝑙 represents approximate image details, meanwhile 𝑤𝑙ℎ, 𝑤ℎ𝑙 and 𝑤ℎℎ represent image details. 
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The novelty of our research lies in our distinctive utilization of these sub-bands. We concatenate 
each of these wavelets to construct a comprehensive feature map.  

𝐷𝑊𝑇γ(𝐼) = {𝑤𝑙𝑙 , 𝑤𝑙ℎ , 𝑤ℎ𝑙 , 𝑤ℎℎ} (1) 

𝐼𝑚  =  ∑ 𝑐𝑖𝑤𝑖

4

𝑖=0

 (2) 

𝑂 = 𝐼 ⋈ (𝜎(𝐼𝑚)) (3) 

 
Unlike [15], which discards the 𝑤ℎℎ sub-band due to the belief that it contains only noise, 

our approach leverages a weighted sum of all sub-bands, as expressed in Equation (2). In 
Equation (2), 𝐼𝑚 represents the resulting feature map, 𝑤𝑖 denotes the sub-band coefficients and 

𝑐𝑖 are the corresponding weights assigned to each sub-band. This method ensures that our model 

effectively harnesses the complete frequency information, thereby enhancing feature extraction 

and overall performance. Sigmoid activation function is then applied to the weighted sum and 
since the concatenation process of feature maps produced a downsampled vector, we perform 

bilinear interpolation to upsample the vector back to its original size and perform multiplication 
between image 𝐼 and activated feature map 𝐼 ⋈ (σ(𝐼𝑚)) as expressed in Equation (3). Overall, 

the complete process of wavelet-attention blocks is illustrated in Figure 2. 

 
Figure 2. Visualization of wavelet-attention mechanism 

 
By incorporating this attention mechanism, we enhance the network's ability to adaptively 

weight different regions and scales of the input, leading to improved feature representation and 
ultimately better performance in various computer vision tasks. The bilinear interpolation step 

ensures that the attention map aligns properly with the original input dimensions, maintaining 
spatial coherence throughout the network. This approach not only improves the model's efficiency 

in processing complex visual information but also contributes to its interpretability, as the 

attention maps can be visualized to gain insights into the network's decision-making process. 
 

 
Figure 3. Representative samples from the dataset. From left to right: (a) Real fingerprint, and 

(b), (c), (d) are spoof fingerprints created using different materials: wood glue, latex, and 

gelatin, respectively. 
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Dataset 
The dataset utilized in this study is derived from the LivDet (Liveness Detection) Fingerprint 

Competitions held in 2009 [16], 2011 [17], 2013 [18] and 2015 [19]. This comprehensive dataset 
encompasses two primary categories: "genuine" and "fake" fingerprints. The "fake" fingerprint 

samples were obtained using various sensor technologies, which evolved and improved with each 

competition year, providing a diverse and challenging set of spoof attempts to analyze. The 
dataset's composition reflects the advancement in both fingerprint acquisition technologies and 

spoofing techniques over the years.  
The "genuine" category consists of real fingerprints collected under controlled conditions, 

while the "fake" category includes a wide array of artificial fingerprints created using materials 

such as gelatin, silicone, and play-doh, among others. Figure 3 illustrates representative samples 
from the dataset, including one genuine fingerprint and several fake samples produced using 

different spoofing materials. Table 1 provides a detailed breakdown of the total number of 
genuine and fake fingerprint samples used in this study. It is important to note that the initial 

dimensions of the fingerprint images vary significantly across the dataset. This variation is due to 
the different sensors used in each competition year and the specific acquisition protocols followed. 

The 2009 competition used 3 different sensors, while both 2011 and 2013 used 4 sensors each, 

resulting in a diverse dataset with varying image sizes and characteristics. The distribution of the 
fingerprint samples can be seen in Table 2. 

 
Table 2. Distribution of fingerprint samples in LivDet competitions (2009-2015) 

 
Year Total Genuine 

Samples 

Total Fake Samples Total Samples 

2009 5,493 550 10,993 

2011 8,012 7,835 15,847 

2013 8,874 8,629 17,503 

2015 13,459 15,968 29,427 

 

Implementation Details 
The model was trained for a minimum of 10 epochs using the Adam optimizer with 

AMSGrad. The initial learning rate was set to 1 × 10−4 with mini-batches of 32 images. A 

ReduceLROnPlateau scheduler was implemented, reducing the learning rate by a factor of 0.1 

after 2 epochs without improvement in validation performance.Training was conducted on two 
hardware configurations: a Google Colab environment with NVIDIA V100 GPU and a Lenovo X270 

laptop (Intel Core i5-7200U, 8GB RAM). This dual-platform training approach was employed to 
assess the model's performance under varying computational constraints, relevant for both cloud-

based and edge computing scenarios in computer vision applications. 
For performance evaluation, we adopt common metrics used in fingerprint liveness 

detection, including FERRLive, FERRFake and Average Classification Error (ACE) [19]. FERRLive 

is defined as the percentage of live fingerprints that are incorrectly classified as fake, while 
FERRFake denotes the percentage of fake fingerprints misclassified as live. The ACE value reflects 

the average of these two errors, offering a balanced measure of overall classification 
performance. Let 𝑛(𝑦𝑙) and 𝑛(𝑦𝑓) denote the number of ground-truth live and fake fingerprint 

samples respectively. Let 𝑛(𝑦̂𝑙) and 𝑛(𝑦̂𝑓) be the number of fake samples misclassified as live. 

The evaluation metrics are computed as follows: 

𝐹𝐸𝑅𝑅𝑙𝑖𝑣𝑒  =  
𝑛(𝑦̂𝑙 ≠ 𝑦𝑙)

𝑛(𝑦𝑙)
× 100% (4) 

𝐹𝐸𝑅𝑅𝑓𝑎𝑘𝑒  =  
𝑛(𝑦̂𝑓 ≠ 𝑦𝑓)

𝑛(𝑦𝑓)
× 100% (5) 

𝐴𝐶𝐸 =  
𝐹𝐸𝑅𝑅𝑙𝑖𝑣𝑒  +  𝐹𝐸𝑅𝑅𝑓𝑎𝑘𝑒

2
× 100% (6) 



Jurnal Manajemen Teknologi dan Informatika 

45 

 

It is important to note that all reported error rates are expressed in percentage format (0–100%), 
not as normalized fractions between 0 and 1. Therefore, ACE values greater than 1 are valid and 

represent percentage error, not normalized error. 

 

Results and Discussions 
Results 

The experimental results underscore that our proposed model, which incorporates a 

custom wavelet-attention mechanism, achieves performance competitive with state-of-the-art 
methods. As detailed in Table 3, the model's performance varies across different sensor types 

and data years. Notably, it attains an ACE of 1.716% with the CrossMatch sensor, demonstrating 
its effectiveness in this context, while a higher ACE of 2.198% is observed with the DigitalPersona 

sensor, suggesting areas for further optimization. 

 
Table 3. Performance comparison of our model compared to existing methods on LivDet 2015 

dataset 

 

Method 

ACE’s Score on LivDet2015 Test Dataset (%) 

Biometrika CrossMatch 
Digital 

Persona 
GreenBit Average 

DRN 6.24 3.46 6.8 4.77 5.32 

fPADNet  4.1 0.3 8.5 1.4 3.58 

FLDNet 2.34 1.54 2.58 0.56 1.76 

Our model 2.55 1.71 2.98 2.47 2.27 

 
Despite an average ACE of 2.274%, which slightly exceeds the state-of-the-art benchmark 

of 1.38, the efficiency of the proposed model remains noteworthy. With only 874,000 parameters 
and a total size of 4 MB, the model effectively balances performance and computational efficiency. 

However, the observed ACE can largely be attributed to architectural choices made to achieve 
such lightweight efficiency. Speicifically, the use of single-level wavelet decomposition and static 

weighting significantly simplifies the network and reduce computational complexity. It also limits 

the model’s ability to extract complex, multi-scale features essential for robust fingerprint liveness 
detection. This trade-off is consistent with recent findings in the literature. For instance, research 

done by [20] demonstrated that lightweight architecture relying on simplified decomposition 
techniques often struggle to capture fine-grained details, leading to higher error rates. 

Similarly, [21] reported that while static weighting schemes provide computational 

advantages, they frequently hinder a model’s adaptability to the inherent variability in real-world 
data. Moreover, the performance discrepancies observed between CrossMatch and DigitalPersona 

sensors highlight the challenges posed by sensor heterogeneity, a factor that [22] found to 
significantly impact detection outcomes in multi-sensor systems.In resource-constrained 

scenarios, an ACE value of 2.274 remains within an acceptable range, aligning with trends 

observed in lightweight architectures optimized for real-time applications. Future research should 
focus on incorporating advanced multi-level decomposition techniques and adaptive weighting 

strategies to enhance the model’s representational capacity while preserving its computational 
efficiency. 

While existing methods have largely focused on traditional convolutional architectures or 
transformer-based models, the proposed wavelet-attention framework offers a promising 

direction for enhancing both feature extraction and computational efficiency. This pioneering 

approach lays the foundation for future advancements in biometric security, encouraging further 
exploration into hybrid architectures that leverage wavelet-based transformations alongside 

dynamic attention mechanisms to improve adaptability and robustness in real-world applications. 

 

Ablation Studies 
We conducted an ablation study to assess the efficacy of our proposed wavelet-attention 

layer by comparing it to a baseline model using standard pooling operations. The experimental 

results, summarized in Figure 4, provide strong empirical evidence demonstrating the superiority 
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of wavelet-attention across multiple fingerprint datasets. Specifically, our model achieved an error 
rate of 2.550 on the Biometrika dataset, compared to 3.025 for the baseline model, reflecting a 

15.7% reduction. Similar improvements were observed for the CrossMatch dataset (1.710 vs. 

2.227, 23.2% reduction), the Digital Persona dataset (2.980 vs. 4.495, 33.7% reduction), and 
the GreenBit dataset (2.470 vs. 3.751, 34.2% reduction). These consistent performance gains 

across diverse fingerprint sensors underscore the robustness and generalizability of our approach. 
 

 
 

Figure 4. ACE Score comparisons between proposed wavelet-attention convolution and 

standard convolution 
 

The justification for these improvements lies in the ability of the wavelet-attention layer to 

efficiently extract and retain both global and local spatial information while mitigating unnecessary 
redundancy. Unlike conventional convolutional layers, which apply fixed-size filters across the 

image and tend to lose high-frequency details, wavelet-based transformations decompose input 
features into multiple frequency components, preserving fine-grained structures crucial for 

distinguishing live and spoofed fingerprints.  

Furthermore, the integration of an attention mechanism amplifies these advantages by 
dynamically weighting relevant features at multiple scales, ensuring that key discriminatory 

patterns are emphasized while less informative regions are suppressed. This combination of 
wavelet decomposition and attention enables our model to capture both long-range dependencies 

and fine-scale details, enhancing its capacity to generalize across different sensor types. 
Additionally, recent studies [23] have demonstrated that adaptive wavelet pooling strategies 

improve classification accuracy by maintaining critical structural information while reducing 

computational overhead, further supporting the observed reductions in ACE values in our 
experiments. 

Notably, the most significant performance gains were observed for the Digital Persona 
(33.7%) and GreenBit (34.2%) datasets, both of which have historically posed challenges due to 

their susceptibility to spoofing artifacts. This suggests that wavelet-attention is particularly 

effective in fingerprint authentication tasks where fine-scale textural variations play a crucial role 
in differentiating real from fake prints. Given the absence of prior work explicitly integrating 

wavelet-based processing with attention mechanisms for fingerprint liveness detection, our 
approach establishes a novel and promising direction for future research in biometric security. 

These findings highlight the potential of wavelet-attention as a fundamental building block for 

more robust and efficient fingerprint recognition systems, paving the way for further 
advancements in multi-scale feature learning and adaptive deep learning architectures. 

 

Discussions 
The results demonstrate that the incorporation of a custom wavelet-attention mechanism 

into our model effectively balances performance with computational efficiency. Although our 

model's average ACE of 2.27 is slightly higher than the benchmark of 1.38, it consistently performs 
well across a variety of sensor types, particularly achieving an ACE of 1.716 with the CrossMatch 

sensor. This performance, coupled with the model's compact architecture—boasting only 874,000 
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parameters and a 4 MB footprint—highlights its suitability for deployment in resource-constrained 
environments. In contrast to larger, more computationally intensive state-of-the-art models, our 

approach provides a compelling trade-off between accuracy and efficiency, a critical consideration 

for real-world applications. 
Nonetheless, the discussion of our findings also brings to light several limitations inherent 

in the current design. The use of only a level 1 wavelet decomposition, while effective for reducing 
computational complexity, may restrict the model's ability to capture finer-scale features, which 

could be essential for handling more complex or variable biometric data. Additionally, the reliance 

on static weights for the wavelet components—implemented to avoid overfitting—limits the 
adaptability of the model. Experiments with learnable weights resulted in rapid overfitting, 

suggesting that a more nuanced approach to dynamic weighting is necessary to enhance 
generalization without compromising the model's stability. 

Our model has a compact raw size of only 4.00 MB, without the application of any 
compression techniques such as pruning, quantization, or weight sharing. This baseline footprint 

demonstrates the efficiency of our architecture by design, and serves as a strong starting point 

for further optimization. Compared to existing models such as FLDNet (~1.9 MB, 0.48M 
parameters) and fPADNet (~1.2 MB, 308K parameters), our model offers a balanced trade-off 

between size and performance, particularly in terms of generalization across multiple sensors. 
Given that our 4 MB size is achieved without any post-training compression, there is significant 

room for further reduction if needed, making it highly practical for real-world applications with 

strict resource constraints. This positions our approach as not only accurate and robust, but also 
scalable and deployment-ready from the outset. 

Looking forward, these observations provide a clear pathway for future improvements. 
Exploring multi-level decomposition techniques could enable the model to extract richer, 

hierarchical features, thereby potentially reducing the performance gap with the state-of-the-art. 
Moreover, developing adaptive weighting mechanisms that strike a balance between flexibility 

and regularization may mitigate the overfitting issues encountered during initial experiments. 

Such refinements could further bolster the model's robustness and applicability across diverse 
biometric datasets, ultimately advancing the field of biometric security by offering solutions that 

are both effective and computationally efficient. 
 

Conclusion 
In this work, we employed and refined the Wavelet-Attention Mechanism specifically for 

fingerprint liveness detection. Our experiments reveal that incorporating this mechanism leads to 

substantial performance gains. Evaluated on the LivDet 2015 dataset, our proposed model, which 
is notably lightweight, achieved an average ACE of 2.27 across all sensor types, ranking as the 

second-best model among state-of-the-art approaches. This highlights the effectiveness of 
wavelet-based attention mechanisms in enhancing liveness detection accuracy while maintaining 

a compact architecture.  

Additionally, ablation studies show that our refinements lead to performance improvements 
ranging from 15.7% to 33.7%, further validating the benefits of our approach. Future work will 

focus on exploring the use of multilevel wavelet transforms instead of single-level ones to 
potentially enhance performance further. Another avenue for research includes developing a 

learnable wavelet family to optimize feature extraction capabilities 
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