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ABSTRACT 

Labor shortages and high physical workload remain major challenges in small-scale tuna handline 

fisheries due to dependence on manual hauling. This study evaluates a modified handline system that 

integrates a 12 VDC electric motor, winch, and IoT-based monitoring control as an alternative technology. 

Field experiments conducted in Mentawai waters, West Sumatra, Indonesia, showed that the proposed 

system significantly reduced the hauling time from 976±188 s to 610±7 s and increased the hauling speed 

by about 60% (0.15 to 0.24 m/s). In addition, labor requirements decreased from six to two crew members 

(66.7% efficiency), while system performance remained stable and unaffected by operator fatigue. These 

findings demonstrate that electrified handline systems can improve operational efficiency, reduce physical 

workload, and provide a practical technological solution to labor limitations in small-scale tuna fisheries. 

Further studies with larger datasets are recommended to confirm these results. 
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I. INTRODUCTION  

Tuna fishing is an economically important fishing sector in 
Indonesia and a major contributor to global tuna production, 
accounting for approximately 19.1% of total supply [1]. 
Handline fishing is widely used by small-scale fishers to catch 
yellowfin tuna (Thunnus albacares), bigeye tuna (Thunnus 
obesus), and skipjack (Katsuwonus pelamis) due to its 
effectiveness for large pelagic species [2-4]. However, most 
handline operations remain manual, particularly during the 
hauling process, which requires substantial physical effort. 

Manual hauling presents significant physical risks to 
fishers, including muscle fatigue, repetitive strain injuries, 
reduced coordination, and a higher likelihood of accidents 
during the pulling process [5-6]. Prolonged exertion can also 
compromise safety and operational efficiency, making 
mechanized systems an important technological solution. Labor 
shortages and limited crew availability further reduce 
operational efficiency in small-scale tuna fisheries. To address 
this issue, several studies have introduced electric or 
mechanized hauling systems to reduce physical workload and 
improve efficiency [7]. However, these studies mainly focused 
on mechanical performance and have not evaluated the 
integration of electric hauling systems with IoT-based control 
and monitoring technology under actual fishing conditions. 
This represents a research gap in the practical application of 
integrated electric and digital handline systems. 

This research project developed a modified tuna handline 
integrating an electric winch and an IoT-based control and 
monitoring system. The novelty of this work lies in its 
technological integration and field-based evaluation focusing 
on hauling speed, operational efficiency, and manpower 
reduction in small-scale tuna fisheries in West Sumatra. The 
aim of this study was to evaluate the effectiveness of the 
proposed handline in improving operational efficiency, 
reducing labor workload, and supporting sustainable tuna 
fishing activities in West Sumatra. 

II. METHOD 

A. Time and Location 

This research was conducted in the Mentawai waters of 
West Sumatra, a potential tuna fishing ground in the Indian 
Ocean. The location was selected based on oceanographic 
conditions supporting tuna presence, making it suitable for 
testing both manual and modified handlines. Field activities 
were conducted from 20 May to 05 June 2025, including 
preparation, fishing trials, and onboard observations to capture 
operational and environmental variations. The fishing trials 
were conducted using a small-scale wooden fishing vessel 
commonly operated by local fishers in the study area, 
representing typical handline fishing operations in West 
Sumatra. 

During the trials, sea conditions were generally moderate, 
characterized by ocean wave motion and relatively stable 
weather conditions. In some instances, higher wave conditions 
were observed during rainfall periods. These conditions reflect 
the typical operational environment for small-scale tuna fishing 
activities. 

B. Materials and Tools 

This research used conventional and modified handlines as 
the main objects during tuna fishing trials. The conventional 
handline served as a performance baseline, while the modified 
handline integrated a 12 VDC motor, winch, and gear reducer 
to increase hauling torque, reduce physical workload, and 
accelerate line retrieval. A control module was also included to 
ensure controlled operation without changing the basic 
handline fishing principles. Figure 1 shows the modified 
handline used in this study. 

 

 
Fig. 1.  Modified handline. 

TABLE I.  MATERIALS AND TOOLS OF THE MODIFIED 
HANDLINE 

No 
Material/ 

Tool 
Specification Function 

1 
12 V 

Battery 
12 V VRLA sealed lead-acid battery, 

capacity 40–70 Ah.  
Main electrical 
power supply 

2 DC Relay 
Electromagnetic DC relay, 12 V DC, 

30–40 A, 14 V DC, heat-resistant 
plastic housing.  

Motor current control 
and protection 

3 
IoT 

Device 
ESP32, dual-core 240 MHz, Wi-Fi 

and Bluetooth, 3.3 V. 

IoT system control 
and data 

communication unit  

4 
DC Winch 

12V 

12 V electric winch, DC motor 300–
500 W, current 20–40 A, reduction 

gearbox ±1:30, pulling capacity 30–80 
kg, hauling speed 0.5–1.0 m/s.  

Line pulling and 
winding mechanism  

5 
DC LED 

Lamp  

12 V DC LED lamp, power 1–3 W, 
current 20–100 mA, two-wire system 

(+/−) 

Light source for fish 
attraction  
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C. Data Collection 

Data collection was conducted through field observations 
and direct measurements at tuna fishing grounds in West 
Sumatra. The measured parameters included operational speed 
(m/s), hauling time (s), work efficiency (%), and labor 
requirements. The conventional system refers to manual 
handlines operated by fishermen, where typically 12 individual 
handlines were simultaneously operated from one vessel. In 
contrast, the proposed handline system was developed to 
improve hauling efficiency through mechanization. The 
comparison focused on hauling performance per unit, 
emphasizing hauling time, operational speed, and labor 
requirements rather than total catch. Both conventional and 
modified handlines used the same fishing line length of 150 m 
to ensure a fair performance comparison. 

Fishing trials were conducted simultaneously at the same 
location from 19:00 to 06:00 with two-hour operational 
intervals. All activities were recorded to ensure an objective 
comparison between conventional and modified systems. 

D. Data Analysis 

Data analysis was conducted to comprehensively assess the 
performance of a modified handline that is designed to partially 
replace manpower in tuna fishing operations. The analysis 
covered two main aspects: technical and ergonomic. 

Technically, measurements were made on the speed of the 
setting and hauling process (�), calculated using  

� �
�

�
      (1) 

where � is the length of the rope that is stretched or pulled (m) 
and �  is the operating time (s). This speed value is used to 
assess the improvement in the mechanical performance of the 
gear compared to the conventional operation.  

Ergonomic aspects were analyzed by measuring the 
reduction in human workload �, calculated as a percentage: 

� �
	
�	�

	


 100%    (2) 

where Eₜ is labor efficiency (%), Nₘ is the number of workers 
required in the conventional handline system (persons), and Nₐ 
is the number of workers required in the modified handline 
system (persons). 

Statistical analysis was performed using descriptive 
statistics presented as mean ± standard deviation (SD). To 
evaluate the differences in hauling time and operational speed 
between conventional and modified handline systems, an 
independent sample t-test was applied at a 95% confidence 
level (� < 0.05). This statistical approach was used to support 
the performance comparison under field experimental 
conditions. 

The results of this analysis provide an empirical basis for 
assessing the effectiveness of the modified handline as an 
efficient, ergonomic fishing technology innovation that reduces 
dependence on manpower in sustainable capture fisheries. 

III. RESULTS AND DISCUSSION 

This study compares conventional and modified electric 
handline systems, both operating under the same fishing 
principle. In the conventional system, all operations rely on 
manual labor, resulting in a high physical workload and 
requiring significant endurance and coordination, particularly 
when handling strong and aggressive tuna [8]. This condition 
can reduce efficiency and increase labor requirements. Figure 2 
shows the conventional handline used by fishers. 

 

 
Fig. 2.  The conventional handline for tuna fishing  

In contrast, the modified electric handline reduces physical 
workload through a motorized hauling system with controllable 
torque and speed, resulting in faster and more consistent 
operations. This system also improves safety, reduces labor 
needs, and increases fishing effectiveness. Previous fishery 
studies have reported similar improvements in hauling 
performance and labor efficiency when using mechanized 
handline systems [9]. The modified system is equipped with an 
ESP32-based control and monitoring module, as shown in 
Figure 3. 

The observations focused on the performance of the 
conventional handline system, which consisted of 12 individual 
handline units operated simultaneously on a single vessel. 
Throughout the observation period, a total of 48 tunas were 
successfully captured. Hauling time was systematically 
measured for each operation to evaluate the efficiency of the 
conventional system. Figure 4 illustrates the detailed results of 
these measurements, providing a comprehensive overview of 
the operational performance of the handline units. 

Observations recorded 48 fish caught during the study. The 
conventional handline hauling time ranged from 540 s (10 kg 
fish) to 1,440 s (68 kg fish), with an average of 976±188 
seconds (n = 48). Larger fish required longer hauling time due 
to their greater strength, consistent with previous findings that 
hauling time depends on fish size [10]. 

Observations of the modified handline showed that 5 fish 
were caught, with hauling times ranging from 602 s (10 kg) to 
620 s (37 kg), averaging 610±7 s (n = 5), confirming improved 
hauling efficiency [11]. Given the limited number of 
observations for the modified system (n = 5), these findings 
should be interpreted as preliminary results. 

 



Engineering, Technology & Applied Science Research Vol. 16, No. 3, 2026, 36165-36170 36168  
 

www.etasr.com Mulyadi et al.: Modification of Hand Lines with Electric Motors and Monitor Control System as an … 

 

 
Fig. 3.  Modified handline unit. 

 
Fig. 4.  Hauling time on the conventional handline fishing gear.

 
Fig. 5.  Hauling time on a modified handline fishing gear. 

A statistical comparison between the two systems shows 
that the modified handline significantly reduced hauling time 
compared to the conventional system. The conventional system 
recorded 976±188 s, whereas the modified system required 
only 610±7 s. Independent-samples t-test results confirmed that 
this difference was statistically significant (p < 0.001), which 
indicates that the electric hauling mechanism provides more 
consistent and efficient hauling performance. 

The difference in hauling time is influenced by human 
physical limitations, particularly muscle fatigue from repetitive 
movements, which reduces hauling efficiency. In contrast, 
electric systems provide a stable and consistent force that is 
unaffected by fatigue. Electric motors with control systems are 
capable of maintaining stable speed and torque during 
operation [12]. In the context of fishery applications, this 
stability contributes to more consistent hauling performance 



Engineering, Technology & Applied Science Research Vol. 16, No. 3, 2026, 36165-36170 36169  
 

www.etasr.com Mulyadi et al.: Modification of Hand Lines with Electric Motors and Monitor Control System as an … 

 

compared to manual systems. The modified system reduced the 
hauling time by about 366 s, improving fishing effectiveness. 

To ensure a fair comparison, both systems used the same 
line length (150 m), and hauling speed was calculated based on 
this standard length to evaluate operational efficiency 
differences. 

 For conventional systems: 

�� �
���

���
�  0.15 m/s  

 For modified handlines: 

�� �
���

���
� 0.24 m/s  

Operational speed increased by 60%, from 0.15±0.03 m/s to 
0.24±0.01 m/s. Statistical comparison also confirmed 
significant improvement in hauling performance (p < 0.001), 
showing that the mechanical-electrical handline significantly 
improves hauling efficiency. Faster hauling enables more 
fishing operations per trip, potentially increasing productivity, 
while also reducing fisher fatigue and improving safety. Thus, 
operational speed is a key indicator of the effectiveness of this 
innovation in reducing dependence on human labor. 

TABLE II.  STATISTICAL COMPARISON OF HAULING 
PERFORMANCE 

Parameter Conventional Modified 

Hauling time (s) 976 ± 188 610±7 
Speed (m/s) 0.15 ± 0.03 0.24±0.01 
Sample size 48 5 

p-value multicolumn{2}{c}{p < 0.001}  

 

A. Labor Efficiency in Modified Handline 

One of the main objectives of developing the proposed 
handline was to reduce dependence on human labor due to 
physical limitations and increasing difficulty in recruiting 
fishing crews. Conventional handline operations require six 
crew members for manual hauling, while the mechanical-
electrical system requires only two (an operator and a bait 
handler) because the hauling process is assisted by an electric 
motor. The following section presents the labor efficiency 
calculation. 

Given �� = 6  � !,  �� = 2 � ! , #$ =
��%

�
× 100% =

66.7%. This means that the modified handline fishing gear can 
reduce labor requirements by up to 66.7% without significantly 
reducing catch yields. 

B. Comparison of Labor Usage Between Conventional and 

Modified Handline Systems 

Fishing gear efficiency is influenced not only by catch but 
also by labor requirements and task distribution. Differences 
between conventional and modified handlines affect crew size 
and workload. Technological advances can reduce crew 
numbers and change task allocation through gear 
modernization [13]. Therefore, a comparative labor analysis 
was conducted to evaluate the effectiveness of the modified 
system (Table III). 

TABLE III.  NUMBER OF WORKERS AND DIVISION OF 
TASKS IN THE CONVENTIONAL HANDLINE FISHING 

Job components 
Conventional System (men) 

1 2 3 4 5 6 

Fishing line puller (hauling) 
✓ ✓ ✓ ✓ ✓ ✓ 

Bait 
✓ ✓ ✓ ✓ ✓ ✓ 

Catch carrier 
✓ ✓ ✓ ✓ ✓ ✓ 

TABLE IV.  NUMBER OF WORKERS AND DIVISION OF 
TASKS ON MODIFIED HANDLINE FISHING RODS 

Job components 
Modified system (men) 

1 2 

Fishing line hauling operator 
✓ - 

Bait - 
✓ 

Catch carrier 
✓ ✓ 

 
Field observations (Tables III & IV) show a significant 

difference in labor requirements between conventional and 
modified handline systems. Conventional hauling requires six 
fishers, while the modified system requires only one operator 
due to the use of an electric motor, reducing manpower by 
83.3% at the hauling stage. Bait searching still requires human 
labor, with six crew members involved in the conventional 
system and only one in the modified system. Fish handling 
after capture still involves all crew members in both systems 
because it depends on physical strength. Overall, the modified 
system reduced total crew requirements from six to two per 
operating cycle, demonstrating its potential to improve labor 
efficiency, reduce operational costs, and lower physical 
workload without reducing fishing effectiveness. 

IV. CONCLUSION 

This study demonstrates that the proposed electric handline 
system significantly improves operational efficiency in small-
scale tuna fisheries. The integration of an electric motor and 
IoT-based monitoring system reduced hauling time from 
976±188 s to 610±7 s (p < 0.001) and increased hauling speed 
by approximately 60%, indicating a substantial improvement in 
hauling performance. In addition, labor requirements were 
reduced from six to two crew members, corresponding to a 
labor efficiency improvement of 66.7% and significantly 
lowering the physical workload on fishers. These findings 
highlight the potential of integrating mechanical and digital 
technologies to address labor shortages and improve safety and 
productivity in small-scale fisheries. The proposed system 
offers a practical and applicable solution for enhancing fishing 
operations without fundamentally changing traditional fishing 
practices. 

However, it is important to note that the results of the 
modified system are based on a limited number of observations 
(n = 5). Therefore, the findings should be interpreted as 
preliminary results, and further validation is required before 
drawing more generalized conclusions. Future research should 
involve larger sample sizes, longer-term field trials under 
varying environmental conditions, and comprehensive 
evaluations including economic feasibility and catch 
performance. These efforts are necessary to support the wider 
adoption and optimization of the proposed system in small-
scale tuna fisheries. 



Engineering, Technology & Applied Science Research Vol. 16, No. 3, 2026, 36165-36170 36170  
 

www.etasr.com Mulyadi et al.: Modification of Hand Lines with Electric Motors and Monitor Control System as an … 

 

DECLARATIONS OF COMPETING INTERESTS 

The authors declare no competing interests or personal 
relationships that could have influenced the results of this 
study. 

ACKNOWLEDGMENT 

The authors would like to thank the Indonesian Education 
Scholarship (BPI), Center for Higher Education Funding and 
Assessment (PPAPT), Ministry of Higher Education, Science 
and Technology, and Indonesian Endowment Fund for 
Education (LPDP) for providing financial support so that this 
research can be done successfully.  

DATA AVAILABILITY STATEMENT 

The data supporting the findings of this study are available 
from the corresponding author upon reasonable request. 

REFERENCES 
[1] "Hari Tuna Sedunia, KKP Akan Tingkatkan Kualitas dan Jangkauan 

Pasar Tuna Indonesia | Siaran Pers," KKP. https://kkp.go.id/news/news-
detail/hari-tuna-sedunia-kkp-akan-tingkatkan-kualitas-dan-jangkauan-
pasar-tuna-indonesia.html. 

[2] Danial, A. R. Baroqi, Wildan, P. S. Timur, and Syahrul, "Composition 
of Tuna Catch Hand Line at the Fish Landing Base (FLB) Lonrae, Bone 
Regency, South Sulawesi Province, Indonesia," Asian Journal of 

Fisheries and Aquatic Research, vol. 25, no. 5, pp. 20–27, Nov. 2023, 
https://doi.org/10.9734/ajfar/2023/v25i5696. 

[3] I. T. Hargiyatno, R. F. Anggawangsa, and W. Wudianto, "Hand Lines 
Fishery in Palabuhanratu: Technical Performance of Fishing Gear," (in 
Indonesian), Jurnal Penelitian Perikanan Indonesia, vol. 19, no. 3, pp. 
121–130, Mar. 2016, https://doi.org/10.15578/jppi.19.3.2013.121-130. 

[4] M. Imron, M. I. Tawaqal, and R. Yusfiandayani, "Fishing ground and 
tuna productivity by tuna longline based on Benoa Bay, Bali, Indonesia," 
Biodiversitas Journal of Biological Diversity, vol. 22, no. 2, Jan. 2021, 
https://doi.org/10.13057/biodiv/d220252. 

[5] M. Zytoon and A. Basahel, "Occupational Safety and Health Conditions 
Aboard Small- and Medium-Size Fishing Vessels: Differences among 
Age Groups," International Journal of Environmental Research and 

Public Health, vol. 14, no. 3, Feb. 2017, Art. no. 229, 
https://doi.org/10.3390/ijerph14030229. 

[6] F. Soulina and N. Yovani, "Forced labor practices of Indonesian migrant 
fishing vessels crew on Taiwan-Flagged Ships? A need for cognitive 
framework transformation," Journal of Social Studies (JSS), vol. 16, no. 
2, pp. 157–182, Sept. 2020, https://doi.org/10.21831/jss.v16i2.32260. 

[7] A. A. Widodo, W. Wudianto, and A. Setiyawan, "Trial of Mini Line 
Hauler on Tuna Hand Line Boat Operated Around Fads in the Indian 
Ocean," (in Indonesian), Jurnal Penelitian Perikanan Indonesia, vol. 25, 
no. 1, Mar. 2019, Art. no. 45, 
https://doi.org/10.15578/jppi.25.1.2019.45-54. 

[8] J. L. Yan, Y. J. Xue, and M. Mohsin, "Accessing Occupational Health 
Risks Posed by Fishermen Based on Fuzzy AHP and IPA Methods: 
Management and Performance Perspectives," Sustainability, vol. 14, no. 
20, Oct. 2022, Art. no. 13100, https://doi.org/10.3390/su142013100. 

[9] I. T. Hargiyatno, A. A. Widodo, and S. Wibowo, "Technical Analysis of 
Mini Line Hauler Tested on Tuna Hand Line Boat Based at Prigi Fishing 
Ground," (in Indonesian), Jurnal Kelautan Nasional, vol. 15, no. 3, Dec. 
2020, https://doi.org/10.15578/jkn.v15i3.8672. 

[10] D. Noija, S. Martasuganda, B. Murdiyanto, and A. A. Taurusman, 
"Analysis of fish catches by traditional and mechanized handline in 
Ambon Island waters, Maluku, Indonesia," AACL Bioflux, vol. 7, no. 4, 
2014. 

[11] M. V. Baiju, V. Vipinkumar, A. Naik, B. Jang, and K. Sivaprasad, 
"Application of Hydraulics in Fishing Vessel Deck Equipment: Case 
Study of F.V. Sagar Harita," Fishery Technology, vol. 57, pp. 200–205, 
2020. 

[12] M. Yuhendri, J. Siregar, D. Candra Riawan, N. Nabila Mohamed, Taali, 
and F. Hanifah, "Vector Control of Three Phase Squirrel Cage Induction 
Motor based on Internet of Things," Engineering, Technology & Applied 

Science Research, vol. 15, no. 3, pp. 22312–22318, June 2025, 
https://doi.org/10.48084/etasr.9790. 

[13] J. Sarmiento-Carbajal, R. Cabrera-Castro, Á. R. Domínguez-Bustos, and 
S. H. Aguado, "Assessing the future of work in fisheries: A multi-criteria 
participatory approach from Spain," Ocean & Coastal Management, vol. 
267, Aug. 2025, Art. no. 107749, 
https://doi.org/10.1016/j.ocecoaman.2025.107749. 

 


