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 Abstract 

Makassar Port plays an important role in the Ministry of Transport goals of hub and spoke and 
made a huge impact to reduced economic disparity between eastern and western portion of 
Indonesia. As an important Port, the safety of the port and the marine environment must be 
protected at all costs, thus MoT already has established VTS to observe and supervise the daily 
basis of inbound and outbound ship in Makassar Port. To enhance the safety of the operation, 
this article will discuss about the utilization of AIS past data to assess hazard area that VTS and 
harbour master needs to pay their attention at the uttermost level. Using 7 days of AIS past 
data and QGIS software, we are then able to obtain density using number of points per grid cell 
function. 
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1. Introduction 

The development of Makassar Port, particularly the Makassar New Port (MNP), has been a 
subject of extensive research and strategic planning. Several studies have focused on various 
aspects of the port's development, including ecoport management, capacity utilization, and 
integration with transportation modes (Haryani et al., 2023; Thamrin et al., 2022). The 
strategic importance of the Makassar New Port in supporting international trade and 
transportation connectivity has been highlighted (Lestari, 2021; Syamsiah et al., 2021). 
Additionally, the role of feeder ports, such as Tanjung Ringgit Port, in supporting the main port 
and the program of sea tollways has been emphasized (Humang et al., 2021). Furthermore, the 
development of the port has been linked to the acceleration of the Eastern Indonesian 
Region's development (Syamsiah et al., 2021).  The sustainable development of ports, 
including environmental sustainability and green port concepts, has been a growing concern in 
the industry (Acciaro et al., 2014; Chiu et al., 2014; Pavlic et al., 2014). The impact of digital 
economy on economic growth and development strategies, particularly in the post-COVID-19 
era, has also been recognized as an important factor (Zhang et al., 2022). Moreover, the 
potential cargo demand and the role of ports as international hub ports have been subjects of 
analysis and strategic planning (Sinaga et al., 2018).  The historical significance of Makassar as 
a strategic port city with established commerce networks has been acknowledged, 
emphasizing its role in regional and international trade (Musyaqqat & Pradjoko, 2020; 
Sutherland, 2001). The economic and regional development effects of transport infrastructure, 
particularly in the context of trade gateway regions, have been studied, highlighting the 
importance of port infrastructure development (Ishikura, 2020). 
In conclusion, the development of Makassar Port, particularly the Makassar New Port, is a 
multifaceted and strategically significant endeavour that encompasses various aspects such as 
ecoport management, sustainability, regional economic effects, and historical significance. The 
research and strategic planning conducted in these areas provide valuable insights for the 
sustainable and strategic development of the port, aligning with the broader goals of regional 
economic development and international trade connectivity. But something was missing.  
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There were no any publication found related to the safety of the ship related to their interface 
from and to the port of Makassar. 

 
2.  Research Method 

The method of spatio-temporal analysis using AIS (Automatic Identification System) data has 
been a subject of interest in various fields, including maritime studies, computer science, and 
medicine. AIS data, which provides information about vessel movements, has been leveraged 
for spatio-temporal analysis to understand vessel behaviors, detect patterns, and support 
decision-making. In the maritime domain, studies have utilized AIS trajectories to discover 
vessel spatio-temporal co-occurrence patterns, enabling the differentiation of vessel behaviors 
in terms of space, time, and other dimensions. Additionally, the application of AIS data in 
analyzing collision-avoidance patterns using AI-based methods has been explored, 
demonstrating the potential for effective learning of ship encounter data. 

In the context of medical research, AI and machine learning methods have been employed to 
analyze medical imaging data, such as PET/CT scans and retinal photographs, for the detection 
and prediction of diseases, including lymph node metastases, glaucoma, and cerebral 
ischemia. These studies highlight the potential of AI in processing and analyzing spatio-
temporal medical data for diagnostic and predictive purposes. Moreover, the application of 
spatio-temporal analysis methods using AIS data has been extended to other domains, such as 
environmental research and public health. For instance, spatio-temporal patterns of the 2019-
nCoV epidemic were detected using nonparametric statistical tests and spatial autocorrelation 
indexes implemented in Python and ArcGIS, demonstrating the utility of spatio-temporal 
analysis in understanding the spread of infectious diseases.  In summary, the research method 
of spatio-temporal analysis using AIS data has been applied across diverse domains, including 
maritime studies, medicine, and public health. The utilization of AIS trajectories for 
understanding vessel behaviors, the application of AI in medical imaging analysis, and the 
detection of spatio-temporal patterns of epidemics exemplify the broad applicability and 
significance of spatio-temporal AIS analysis in various research fields. (Wang et al. 2017; Shi & 
Liu 2020; Borrelli et al. 2020; Li et al. 2022; Block et al. 2020; Yang et al. 2020) 

The methodology summarizes in the table below: 

 

 

 

 

 

 
3.  Results and Discussion  

a. AIS Dataset Static Analysis (7 Days) in Makassar Port 

From the collected 7 days AIS data, the traffic of in and out of Makassar Port shown in the 
table below. 

Table 1. 

Ship Static AIS Dataset Analysis (7 days). 

No. Category Total 

Raw AIS 

Dataset 

Decoding and 

Matching Static 

Info 

Decoded AIS 

Data 

Density 

Obtained 

Cleaned AIS 
Data  

Plotting AIS 

data in QGIS 
Points per Grid 

Function in QGIS 
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1. Total number of ships 121 
2. Average number of ships per day 35 
3. Maximum number of ships per day 40 
4. Length of the largest ship 230m 
5. Average weight (in GT) 47.366 
6. Maximum weight (in GT) 7.622 

7. Vessel Type 

Tanker 21 (17%) 
Container 26 (21%) 

LPG Carrier 10 (8%) 
General Cargo 24 (20%) 

Bulk Carrier 12 (10%) 
Passenger (include RORO) 18 (15%) 

Car Carrier 4 (3%) 
Other 6 (5%) 

8. Length over all 

-50 9 (7%) 
51-100 48 (40%) 

101-150 48 (40%) 
151-200 15 (12%) 
201-250 1 (1%) 

9. Age 
Oldest 50 years 

Average 22 years 

Source: Decoded and processed AIS dataset, 2023   

With the total of 121 ships passing through the Makassar Port fairway over given period (7 
days) and approximately 0.67 ships passing through per hour. Tanker ship and LPG carrier 
combined (25 %), container (21 %), general cargo (19.9 %) and passenger ship (16 %) were the 
ship with the highest number of passages through the fairway. The largest ship was 230 
meters Bulk Carrier and 80 % of the traffic consist of ships around 51-150 meters length. The 
average ship’s age is 22 years old with the oldest one is a 50-year-old cement carrier.  

b. Makassar Port Traffic Density – Spatio Temporal AIS Data Analysis 
Marine traffic density is a critical factor in understanding the impact of human activities on 

marine ecosystems. Several studies have focused on analyzing marine traffic density and its 

implications. conducted a study in the Eastern Mediterranean Sea of Turkey, where they 

retrieved two years of monthly marine traffic density data, indicating an average density of 

0.37 hours of monthly vessel activity per square kilometer during the study period (Awbery et 

al., 2022). This demonstrates the quantification of marine traffic density in a specific region.  

Furthermore, utilized automatic identification system (AIS) big data to extract density-based 

maritime traffic routes, employing kernel density estimation (KDE) based on a geographic 

information system (GIS) (Lee & Cho, 2022). This approach provides a method for analyzing 

and visualizing marine traffic density patterns. In addition, reported significant sulfur and 

nitrogen oxide emissions from global marine traffic, highlighting the environmental 

implications of high marine traffic density (Langella et al., 2016).  The result of the analysis as 

follow: 
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Density of Ship in Makassar Port from Processed AIS Dataset 

4.  Closing 

a. Conclusion 

The density analysis of Makassar Port suggests that there were several areas that needs to be 
considered about the ship’s traffic especially in adjacent waters of Makassar Port. The coastal 
traffic seldomly crossing the fairway and many ship visiting or leaving Makassar port did not 
adhere to the fairway as specified by the regulations. 
 
b. Suggestion 

Day 3 

Day 5 

Day 7 

1 – 10  

10 – 100  

100 – 1000  

1000 – 10 000 

10000 – 100000  

Legends: (points) 
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1) Harbor Master 

The regulation of the main fairway for entering and leaving Makassar Port needs to be 

clarified and be informed to all ships to always adhered to the given fairway in order to 

maintain safety of the ships and the environment. 

2) VTS Operator 

As suggested from the AIS data analysis, the anchorage area and interaction between 

ships traveling in the fairway and the local traffic must be observed carefully due to 

those traffic will be meeting frequently in crossing situation 

 
Acknowledgments  (If Needed) 

Thank you Rahimuddin, S.T., M.T., Ph.D., for the valuable AIS Data so that we were able to 
decode and analyze the data furthermore 

 

5. References  
1) Acciaro, M., Vanelslander, T., Sys, C., Ferrari, C., Roumboutsos, A., Giuliano, G., … & 

Kapros, S. (2014). Environmental sustainability in seaports: a framework for successful 
innovation. Maritime Policy & Management, 41(5), 480-500. 
https://doi.org/10.1080/03088839.2014.932926 

2) Chiu, R., Lin, L., & Ting, S. (2014). Evaluation of green port factors and performance: a 
fuzzy ahp analysis. Mathematical Problems in Engineering, 2014, 1-12. 
https://doi.org/10.1155/2014/802976 

3) Haryani, E., Alamsyah, A., & Suhalis, A. (2023). Integration between ecoport 
management and capacity utilization of container terminals as a sustainable seaports 
development strategy. Iop Conference Series Earth and Environmental Science, 
1221(1), 012058. https://doi.org/10.1088/1755-1315/1221/1/012058 

4) Humang, W., Natsir, R., & Fisu, A. (2021). Development of a feeder port of tanjung 
ringgit facilities to support implementation of sea tollway. Jurnal Penelitian 
Transportasi Laut, 23(1), 1-8. https://doi.org/10.25104/transla.v23i1.1699 

5) Ishikura, T. (2020). Regional economic effects of transport infrastructure development 
featuring trade gateway region-asymmetric spatial cge model approach. 
Transportation Research Procedia, 48, 1750-1765. 
https://doi.org/10.1016/j.trpro.2020.08.211 

6) Lestari, E. (2021). Impact of the development of makassar new port (mnp) in 
supporting sea tolls. Linguistics and Culture Review, 5(S1), 1265-1275. 
https://doi.org/10.21744/lingcure.v5ns1.1603 

7) Musyaqqat, S. and Pradjoko, D. (2020). The role of parepare port in trading and 
shipping of rice commodities in south sulawesi, 1930−1942. Journal of Maritime 
Studies and National Integration, 4(2), 115-126. 
https://doi.org/10.14710/jmsni.v4i2.8211 

8) Pavlic, B., Cepak, F., Sučić, B., Peckaj, M., & Kandus, B. (2014). Sustainable port 
infrastructure, practical implementation of the green port concept. Thermal Science, 
18(3), 935-948. https://doi.org/10.2298/tsci1403935p 

9) Sinaga, R., Humang, W., & Kurniawan, A. (2018). Potential cargo demand of kuala 
tanjung port as international hub port in western indonesia. Matec Web of 
Conferences, 181, 09001. https://doi.org/10.1051/matecconf/201818109001 

150             J. R. K. Bokau and F. Saransi

https://doi.org/10.1080/03088839.2014.932926
https://doi.org/10.1155/2014/802976
https://doi.org/10.1088/1755-1315/1221/1/012058
https://doi.org/10.25104/transla.v23i1.1699
https://doi.org/10.1016/j.trpro.2020.08.211
https://doi.org/10.21744/lingcure.v5ns1.1603
https://doi.org/10.14710/jmsni.v4i2.8211
https://doi.org/10.2298/tsci1403935p
https://doi.org/10.1051/matecconf/201818109001


10) Sutherland, H. (2001). The makassar malays: adaptation and identity, c. 1660-1790. 
Journal of Southeast Asian Studies, 32(3), 397-421. 
https://doi.org/10.1017/s0022463401000224 

11) Syamsiah, S., Fauzi, A., Djabier, A., & Nurwahidah, N. (2021). The compatibility analysis 
of human resources competencies of makassar new port (mnp) and its curriculum. 
Jurnal Pendidikan Dan Pengajaran, 54(2), 255. 
https://doi.org/10.23887/jpp.v54i2.33108 

12) Thamrin, M., Pahala, Y., & Ricardianto, P. (2022). Determination of port facilities and 
container flow growth toward the development of makassar port, indonesia. Journal 
of Economics Management Entrepreneurship and Business (Jemeb), 2(2), 103-113. 
https://doi.org/10.52909/jemeb.v2i2.95 

13) Zhang, J., Zhao, W., Cheng, B., Li, A., Wang, Y., Yang, N., … & Tian, Y. (2022). The impact 
of digital economy on the economic growth and the development strategies in the 
post-covid-19 era: evidence from countries along the “belt and road”. Frontiers in 
Public Health, 10. https://doi.org/10.3389/fpubh.2022.856142 

14) Acciaro, M., Vanelslander, T., Sys, C., Ferrari, C., Roumboutsos, A., Giuliano, G., … & 
Kapros, S. (2014). Environmental sustainability in seaports: a framework for successful 
innovation. Maritime Policy & Management, 41(5), 480-500. 
https://doi.org/10.1080/03088839.2014.932926 

15) Block, L., El-Merhi, A., Liljencrantz, J., Naredi, S., Staron, M., & Hergès, H. (2020). 
Cerebral ischemia detection using artificial intelligence (cidai)—a study protocol. Acta 
Anaesthesiologica Scandinavica, 64(9), 1335-1342. https://doi.org/10.1111/aas.13657 

16) Borrelli, P., Larsson, M., Ulén, J., Enqvist, O., Trägårdh, E., Poulsen, M., … & 
Edenbrandt, L. (2020). Artificial intelligence‐based detection of lymph node metastases 
by pet/ct predicts prostate cancer‐specific survival. Clinical Physiology and Functional 
Imaging, 41(1), 62-67. https://doi.org/10.1111/cpf.12666 

17) Chiu, R., Lin, L., & Ting, S. (2014). Evaluation of green port factors and performance: a 
fuzzy ahp analysis. Mathematical Problems in Engineering, 2014, 1-12. 
https://doi.org/10.1155/2014/802976 

18) Haryani, E., Alamsyah, A., & Suhalis, A. (2023). Integration between ecoport 
management and capacity utilization of container terminals as a sustainable seaports 
development strategy. Iop Conference Series Earth and Environmental Science, 
1221(1), 012058. https://doi.org/10.1088/1755-1315/1221/1/012058 

19) Humang, W., Natsir, R., & Fisu, A. (2021). Development of a feeder port of tanjung 
ringgit facilities to support implementation of sea tollway. Jurnal Penelitian 
Transportasi Laut, 23(1), 1-8. https://doi.org/10.25104/transla.v23i1.1699 

20) Ishikura, T. (2020). Regional economic effects of transport infrastructure development 
featuring trade gateway region-asymmetric spatial cge model approach. 
Transportation Research Procedia, 48, 1750-1765. 
https://doi.org/10.1016/j.trpro.2020.08.211 

21) Lestari, E. (2021). Impact of the development of makassar new port (mnp) in 
supporting sea tolls. Linguistics and Culture Review, 5(S1), 1265-1275. 
https://doi.org/10.21744/lingcure.v5ns1.1603 

22) Li, F., Su, Y., Lin, F., Li, Z., Song, Y., Nie, S., … & Zhang, X. (2022). A deep-learning system 
predicts glaucoma incidence and progression using retinal photographs. Journal of 
Clinical Investigation, 132(11). https://doi.org/10.1172/jci157968 

23) Musyaqqat, S. and Pradjoko, D. (2020). The role of parepare port in trading and 
shipping of rice commodities in south sulawesi, 1930−1942. Journal of Maritime 
Studies and National Integration, 4(2), 115-126. 
https://doi.org/10.14710/jmsni.v4i2.8211 

Marine Traffic Risk Assessment Using Spatio Temporal AIS Data             151

https://doi.org/10.1017/s0022463401000224
https://doi.org/10.23887/jpp.v54i2.33108
https://doi.org/10.52909/jemeb.v2i2.95
https://doi.org/10.3389/fpubh.2022.856142
https://doi.org/10.1080/03088839.2014.932926
https://doi.org/10.1111/cpf.12666
https://doi.org/10.1155/2014/802976
https://doi.org/10.1088/1755-1315/1221/1/012058
https://doi.org/10.25104/transla.v23i1.1699
https://doi.org/10.1016/j.trpro.2020.08.211
https://doi.org/10.21744/lingcure.v5ns1.1603
https://doi.org/10.1172/jci157968
https://doi.org/10.14710/jmsni.v4i2.8211


24) Pavlic, B., Cepak, F., Sučić, B., Peckaj, M., & Kandus, B. (2014). Sustainable port 
infrastructure, practical implementation of the green port concept. Thermal Science, 
18(3), 935-948. https://doi.org/10.2298/tsci1403935p 

25) Shi, J. and Liu, Z. (2020). Deep learning in unmanned surface vehicles collision-
avoidance pattern based on ais big data with double gru-rnn. Journal of Marine 
Science and Engineering, 8(9), 682. https://doi.org/10.3390/jmse8090682 

26) Sinaga, R., Humang, W., & Kurniawan, A. (2018). Potential cargo demand of kuala 
tanjung port as international hub port in western indonesia. Matec Web of 
Conferences, 181, 09001. https://doi.org/10.1051/matecconf/201818109001 

27) Sutherland, H. (2001). The makassar malays: adaptation and identity, c. 1660-1790. 
Journal of Southeast Asian Studies, 32(3), 397-421. 
https://doi.org/10.1017/s0022463401000224 

28) Syamsiah, S., Fauzi, A., Djabier, A., & Nurwahidah, N. (2021). The compatibility analysis 
of human resources competencies of makassar new port (mnp) and its curriculum. 
Jurnal Pendidikan Dan Pengajaran, 54(2), 255. 
https://doi.org/10.23887/jpp.v54i2.33108 

29) Thamrin, M., Pahala, Y., & Ricardianto, P. (2022). Determination of port facilities and 
container flow growth toward the development of makassar port, indonesia. Journal 
of Economics Management Entrepreneurship and Business (Jemeb), 2(2), 103-113. 
https://doi.org/10.52909/jemeb.v2i2.95 

30) Wang, J., Zhu, C., Zhou, Y., & Zhang, W. (2017). Vessel spatio-temporal knowledge 
discovery with ais trajectories using co-clustering. Journal of Navigation, 70(6), 1383-
1400. https://doi.org/10.1017/s0373463317000406 

31) Yang, W., Deng, M., Li, C., & Huang, J. (2020). Spatio-temporal patterns of the 2019-
ncov epidemic at the county level in hubei province, china. International Journal of 
Environmental Research and Public Health, 17(7), 2563. 
https://doi.org/10.3390/ijerph17072563 

32) Zhang, J., Zhao, W., Cheng, B., Li, A., Wang, Y., Yang, N., … & Tian, Y. (2022). The impact 
of digital economy on the economic growth and the development strategies in the 
post-covid-19 era: evidence from countries along the “belt and road”. Frontiers in 
Public Health, 10. https://doi.org/10.3389/fpubh.2022.856142 

 

 
 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

152             J. R. K. Bokau and F. Saransi

https://doi.org/10.2298/tsci1403935p
https://doi.org/10.3390/jmse8090682
https://doi.org/10.1051/matecconf/201818109001
https://doi.org/10.1017/s0022463401000224
https://doi.org/10.23887/jpp.v54i2.33108
https://doi.org/10.52909/jemeb.v2i2.95
https://doi.org/10.1017/s0373463317000406
https://doi.org/10.3390/ijerph17072563
https://doi.org/10.3389/fpubh.2022.856142
http://creativecommons.org/licenses/by-nc/4.0/

	Marine Traffic Risk Assessment Using Spatio Temporal AIS Data in Makassar Port, Indonesia

