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ABSTRACT

The telecommunications sector in Uganda is undergoing a transformation driven by digitalization, increasing data
traffic, and the adoption of next-generation technologies such as 5G and Open RAN. Artificial Intelligence (AI) and
Machine Learning (ML) have emerged as central enablers of network automation, enabling predictive maintenance,
fault detection, traffic optimization, and dynamic resource allocation with minimal human intervention. This review
synthesizes the current state of AI/ML adoption in Uganda’s telecommunications sector, highlights local
deployments and pilot initiatives, evaluates technical, economic, and regulatory challenges, and offers strategic
insights for policymakers, network operators, and researchers. The study emphasizes that while Uganda has made
early progress through operator engagements with the Telecom Infra Project (TIP), 5G rollouts, and network-
sharing agreements, the full potential of Al-driven network automation is constrained by limited local expertise,
infrastructure gaps, data availability issues, and evolving regulatory frameworks. Strategic interventions, including
capacity building, investment in open and interoperable architectures, and robust data governance policies, are
critical to achieving sustainable and scalable network automation.
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INTRODUCTION

The telecommunications industry has become the backbone of modern economies, enabling information exchange,
financial transactions, digital services, and socio-economic development. In recent years, the sector has undergone
a profound transformation driven by the proliferation of smartphones, increasing internet penetration, and the
advent of next-generation technologies such as 5G, Internet of Things (I0T), and cloud-native network architectures
[17. In parallel, the growth in data traffic, complexity of networks, and demand for low-latency, high-reliability
services have highlighted the limitations of traditional, manually operated networks. Consequently, network
automation, which is defined as the application of software-driven orchestration, intelligent systems, and self-
optimizing mechanisms to manage telecommunications networks with minimal human intervention, has emerged
as a strategic imperative for operators globally [27. Artificial Intelligence (AI) and Machine Learning (ML) are
central enablers of this transformation, providing capabilities such as predictive maintenance, fault detection, traffic
optimization, dynamic resource allocation, and policy-based network management [37.

Uganda’s telecommunications sector has witnessed remarkable growth over the past decade. According to the
Uganda Communications Commission (UCC), mobile penetration exceeds 70% of the population, and internet
subscriptions have steadily increased, fueled by affordable smartphones, improved network coverage, and digital
financial services such as mobile money [47]. Leading operators, including MTN Uganda, Airtel Uganda, and
Uganda Telecom, have invested significantly in 4G LTE and 5G infrastructure while exploring Open RAN
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architectures and Al-enabled network solutions to optimize operations. Despite these investments, the sector faces
operational challenges arising from complex network topologies, heterogeneous vendor equipment, increasing
energy costs, and the need to meet stringent service-level agreements (SLAs) in urban and rural areas [57].
Globally, AI/ML integration into network management has demonstrated substantial benefits. Predictive analytics
models can forecast equipment failures before they occur, reducing downtime and maintenance costs. Traffic analysis
and anomaly detection facilitate real-time network optimization, while reinforcement learning algorithms
dynamically manage radio access parameters, improving spectrum efficiency and user experience [6]. These
approaches not only enhance operational efficiency but also provide a competitive advantage in an increasingly data-
driven digital economy. For Uganda, the adoption of AI/ML-driven automation offers a pathway to address pressing
operational constraints, enhance service quality, and accelerate the deployment of emerging technologies such as
5G and IoT.
Despite the growing recognition of AI/ML as transformative tools for network automation, Uganda faces several
challenges that impede widespread adoption. Firstly, there is a shortage of skilled personnel with expertise in Al,
ML, and network automation, which limits the capacity to implement, operate, and maintain intelligent networks.
Secondly, high capital expenditures associated with upgrading existing infrastructure to support AI/ML
functionalities, particularly for 5G and Open RAN, pose significant financial constraints [77]. Thirdly, the
availability and quality of network and operational data, which are essential for training AI/ML models, remain
fragmented and inconsistent. Furthermore, regulatory frameworks governing telecommunications, data privacy,
and Al deployment are evolving but often lag behind technological developments, creating uncertainty for operators
and investors. Collectively, these challenges underscore the need for a comprehensive understanding of the
opportunities, barriers, and strategic pathways for AI/ML-enabled network automation in Uganda [87. This study
aims to examine the role of Artificial Intelligence (AI) and Machine Learning (ML) in advancing network automation
within Uganda’s telecommunications sector, focusing on adoption trends, challenges, opportunities, and strategic
interventions. Specifically, it analyzes the current state of AI/ML integration through pilot projects, deployments,
and operator initiatives; evaluates the technical, economic, and regulatory barriers limiting adoption; identifies
potential benefits such as predictive maintenance, fault detection, traffic optimization, and dynamic resource
allocation; and provides recommendations for policymakers, operators, and researchers to foster sustainable, scalable
Al/ML-driven automation. The research seeks to answer key questions on the status of AI/ML adoption, the nature
of constraints hindering its implementation, the operational and strategic opportunities for network operators, and
the necessary policy, capacity-building, and institutional frameworks to accelerate uptake. The study is significant
as it offers a comprehensive review of AI/ML applications in Uganda’s telecom networks, highlighting early
initiatives while projecting future trajectories of adoption. It underscores critical barriers, including infrastructure
limitations, insufficient data quality, and regulatory uncertainties, which need to be addressed to foster innovation
while ensuring network security and data privacy. Moreover, the study outlines strategic interventions such as
workforce training, investment in interoperable systems, and establishment of robust data governance frameworks
to support sustainable deployment. By bridging knowledge gaps and providing actionable insights, this research not
only informs industry stakeholders and policymakers but also enriches academic discourse, creating a foundation for
further comparative studies and evidence-based policy development in Uganda and other emerging markets.
Al and ML in Network Automation: Technical Perspectives
Artificial Intelligence (AI) and Machine Learning (ML) play a transformative role in network automation by
enhancing efficiency, resilience, and adaptability across different functional layers of modern communication systems
[97. In predictive maintenance, supervised learning models utilize network telemetry data to forecast potential
equipment failures before they occur, thereby minimizing downtime and reducing operational costs. Similarly,
anomaly detection powered by unsupervised and semi-supervised models enables automated identification of
irregular traffic patterns or performance degradation, supporting AIOps frameworks that trigger timely remediation
protocols [107. Reinforcement learning techniques are increasingly applied in closed-loop radio resource
management, where they optimize radio parameters such as power allocation, scheduling, and handovers,
particularly in Open RAN environments. Time-series models contribute to traffic forecasting and capacity planning
by anticipating network demand and facilitating the dynamic scaling of virtualized network functions. Furthermore,
Al-driven policy automation translates high-level service level agreements (SLAs) into executable configuration
changes, ensuring compliance and optimized resource distribution. The effectiveness of these capabilities is amplified
when integrated into open, programmable network architectures like Software-Defined Networking (SDN),
Network Function Virtualization (NFV), and Open RAN, which provide extensive telemetry data and centralized
control. Together, these innovations enable intelligent, adaptive, and scalable network ecosystems capable of
meeting the demands of next-generation digital services [117].
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AI/ML Adoption in Uganda: Current Landscape
Artificial Intelligence (AI) and Machine Learning (ML) adoption in Uganda’s telecommunications sector is steadily
taking shape, with several notable developments marking the country’s early embrace of network automation. Key
operators such as MTN Uganda have spearheaded modernization efforts through participation in global initiatives
like the Telecom Infra Project (TIP), including the deployment of Disaggregated Cell Site Gateway (DCSG)
solutions that lay a critical foundation for ML-based network control and management [(127]. The ongoing rollout
of 5G technology further accelerates this shift, as expanded spectrum availability provides opportunities for dynamic,
software-driven optimization and more responsive service delivery. In addition, strategic network-sharing
agreements between MTN and Airtel have fostered greater collaboration, enabling coordinated monitoring,
predictive maintenance, and improved resource utilization, which translates into operational efficiency and cost
savings [1387. Beyond industry players, academic institutions and consultancy groups have undertaken pilot studies
and research into predictive maintenance, fault detection, and service optimization, underscoring a growing
recognition of AI/ML’s transformative potential. While these initiatives remain largely at the pilot or exploratory
stage, collectively they highlight Uganda’s readiness to integrate AI/ML into its telecommunications ecosystem,
pointing toward a future where data-driven automation enhances efficiency, reliability, and scalability across the
nation’s digital infrastructure.
Use Cases in Uganda
In Uganda, the adoption of Artificial Intelligence (AI) and Machine Learning (ML) in telecommunications is
beginning to showcase tangible benefits through several practical use cases. One notable application is predictive
maintenance of Base Transceiver Stations (BTS) and backhaul systems, where ML models help operators anticipate
equipment failures before they occur [147. This significantly reduces costly truck rolls and minimizes service
outages, which is particularly important in remote or hard-to-reach rural areas where physical maintenance is both
challenging and expensive. Another impactful area is Network Operations Center (NOC) automation and the
integration of AIOps, which enable automated incident triage and root cause analysis. By reducing the mean time to
repair (MTTR), these systems not only enhance service reliability but also free up human resources for higher-value
tasks. Additionally, the deployment of ML models in Open Radio Access Network (Open RAN) optimization through
RAN Intelligent Controllers offers real-time improvements in throughput and energy efficiency, thereby ensuring
better network performance and sustainability. Collectively, these use cases highlight the potential of AI/ML to
lower operational expenditure (OPEX), improve network reliability, and enable scalability. However, their
successful implementation hinges on access to high-quality data, availability of skilled technical expertise, and
ensuring interoperability across diverse systems [15].
Barriers and Challenges
In Uganda, the adoption of Artificial Intelligence (AI) and Machine Learning (ML) in telecommunications is
beginning to showcase tangible benefits through several practical use cases. One notable application is predictive
maintenance of Base Transceiver Stations (BTS) and backhaul systems, where ML models help operators anticipate
equipment failures before they occur. This significantly reduces costly truck rolls and minimizes service outages,
which is particularly important in remote or hard-to-reach rural areas where physical maintenance is both
challenging and expensive [167]. Another impactful area is Network Operations Center (NOC) automation and the
integration of AIOps, which enable automated incident triage and root cause analysis. By reducing the mean time to
repair (MTTR), these systems not only enhance service reliability but also free up human resources for higher-value
tasks. Additionally, the deployment of ML models in Open Radio Access Network (Open RAN) optimization through
RAN Intelligent Controllers offers real-time improvements in throughput and energy efficiency, thereby ensuring
better network performance and sustainability. Collectively, these use cases highlight the potential of AI/ML to
lower operational expenditure (OPEX), improve network reliability, and enable scalability [17]. However, their
successful implementation hinges on access to high-quality data, availability of skilled technical expertise, and
ensuring interoperability across diverse systems.
Strategic Insights and Recommendations
Strategic insights and recommendations for accelerating AI and machine learning (AI/ML)-driven network
automation in Uganda emphasize the importance of fostering innovation, collaboration, and skills development. A
critical step is investing in open and interoperable architectures such as Software-Defined Networking (SDN),
Network Functions Virtualization (NFV), and Open Radio Access Networks (Open RAN), which provide the
flexibility needed for seamless ML integration. Pilot programs and collaborative initiatives should be encouraged
through joint funding by operators, government, and academic institutions to test real-world applications such as
predictive maintenance, Artificial Intelligence for I'T Operations (AIOps), and radio access network optimization, all
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supported by shared datasets. Equally essential is capacity building through targeted university curricula,
specialized professional training, and fellowship programs to cultivate a new generation of engineers and data
scientists capable of driving innovation in the telecom sector [187]. Establishing robust data governance frameworks
is vital to ensure the secure, ethical, and privacy-preserving sharing of anonymized network data, which serves as
the foundation for ML models. Finally, public-private partnerships can play a pivotal role by pooling resources from
operators, vendors, and multilateral organizations to build local expertise, scale up innovations, and demonstrate
clear returns on investment, ultimately positioning Uganda as a regional leader in Al-powered network automation.
Future Research Directions
Future research in Al and machine learning (ML) for network automation should focus on several key areas that
address both technological and operational challenges. One critical direction involves the development of
lightweight ML models optimized for edge and low-power deployments, enabling real-time decision-making in
resource-constrained environments such as rural networks and IoT infrastructures [197. Additionally, transfer
learning and few-shot learning present promising approaches to overcome the challenge of limited labeled data,
which is a major barrier in training robust models for anomaly detection and predictive maintenance. Another
important research priority is federated learning, which allows collaborative model training across different network
operators without compromising sensitive user or operational data, thereby enhancing cross-operator anomaly
detection while preserving privacy. Equally vital are economic studies that quantify the operational savings,
efficiency gains, and cost-effectiveness of adopting Al-driven automation, offering concrete evidence to guide
investment and policy decisions. Finally, future work must emphasize human-centered automation design, ensuring
that network operations center (NOC) engineers retain meaningful oversight through explainability and
interpretability mechanisms [207. This balance between automation and human expertise will be crucial in fostering
trust, accountability, and sustainable adoption of Al in network management.
CONCLUSION
In conclusion, this review underscores that Artificial Intelligence (AI) and Machine Learning (ML) hold immense
potential to transform Uganda’s telecommunications sector through intelligent network automation. Early
initiatives such as 5G deployments, Open RAN adoption, and pilot projects in predictive maintenance and AIOps
highlight both progress and readiness for broader adoption. However, significant barriers, including limited
technical expertise, fragmented data availability, high infrastructure costs, and evolving regulatory frameworks,
continue to constrain large-scale implementation. Addressing these challenges requires a multifaceted strategy that
combines investment in interoperable and open architectures, targeted workforce training, and the establishment of
robust data governance policies to ensure security, privacy, and ethical Al deployment. Furthermore, cross-sector
collaboration among operators, government, academia, and international partners will be essential to build capacity,
accelerate innovation, and demonstrate the tangible economic and operational benefits of Al-driven automation.
Ultimately, by strategically addressing existing constraints and leveraging AI/ML for predictive, adaptive, and
scalable network management, Uganda has the opportunity to position itself as a regional leader in intelligent
telecommunications infrastructure, fostering digital inclusion, economic growth, and long-term resilience.
REFERENCES
1.Saxena, V., Bisinfotech: The Telecom Industry: A Backbone of Connectivity and Growth,
https://www.bisinfotech.com/the-telecom-industry-a-backbone-of-modern-connectivity-and-global-
growth/, (2024)
2.Ullah, I., Arishi, A., Singh, S.K., Alharbi, F., Ibrahim, A.H., Islam, M., et al.: Autonomous network management
for 6G communication: a comprehensive survey. Digital Communications and Networks. (2025).
https://doi.org/10.1016/j.dcan.2025.07.001
3. Ugwu, C. N, Eze, V. H. U, &Ogenyi, F. C. (2024). Urban Air Quality and Machine Learning. Research
Output Journal of Engineering and Scientific Research, 3(1), 101—104-
https://doi.org/https://rojournals.org/roj-engineering-and-scientific-research/
4 NEW REPORT: 29M USE PHONES, 22M ON INTERNET, https://uccinfoblog.com/2021/09/14/new-
report-29m-use-phones-22m-on-internet/, (2021)
5.5trengthening Uganda’s Telecom Infrastructure for a Digital... | Ministry of ICT and National Guidance,
https://ict.go.ug/media/news/strengthening-ugandas-telecom-infrastructure-for-a-digital-future
6.Aminzadeh, A., Sattarpanah Karganroudi, S., Majidi, S., Dabompre, C., Azaiez, K., Mitride, C., Sénéchal, E.: A
Machine Learning Implementation to Predictive Maintenance and Monitoring of Industrial Compressors.
Sensors. 25, 1006 (2025). https://doi.org/10.8890/525041006

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited

Page | 90


https://doi.org/https:/rojournals.org/roj-engineering-and-scientific-research/

OPEN ACCESS

©NUPP ONLINE ISSN: 2992-5479

Publications 2026 PRINT ISSN: 2992-605X
7.Echegu D. A,, Artificial Intelligence (AI) in Customer Service: Revolutionising Support and Engagement.
IAA Journal of Scientific Research 11(2):33-39, 2024. https://doi.org/10.59298/IAAJSR/2024./112.3339
8.Aldoseri, A., Al-Khalifa, K.N., Hamouda, A.M.: Re-Thinking Data Strategy and Integration for Artificial
Intelligence: Concepts, Opportunities, and Challenges. Applied Sciences. 13, 7082 (2023).

https://doi.org/10.8390/app13127082

9.Eze, V. H. U,, Edozie, E., Davis, M., Dickens, T., Wisdom, O. O., Umaru, K., et al (2023). Mobile Disinfectant
Spraying Robot and its Implementation Components for Virus Outbreak : Case Study of COVID-19. Page | 91
International Journal of Artificial Intelligence, 10(2), 68—77. https://doi.org/10.86079/lamintang.ijai-
01002.551

10. Ucar, A., Karakose, M., Kirimga, N.: Artificial Intelligence for Predictive Maintenance Applications: Key
Components, Trustworthiness, and Future Trends. Applied Sciences. 14, 898 (2024).
https://doi.org/10.8390/app14020898

11. Haruna C, Ponman N, Nasir I, Emmanuel A, Imam-Fulani Y. O, Kayode S A, et al (2023). Large scale
survey for radio propagation in developing machine learning model for path losses in communication
systems. Scientific African, 19, e01550. hitps://doi.org/10.1016/].sciaf.2023.01550.

12. Alum, E.U,, Ugwu, O.PC. Artificial intelligence in personalized medicine: transforming diagnosis and
treatment. Discov Appl Sci 7, 198 (2025). https://doi.org/10.1007/542452-025-06625-x

13. Luis A B, Pablo R (2023). The application of artificial intelligence-based tools to intralingual speaking: The
NER Buddy. Proceedings of the International Workshop on Interpreting Technologies SAY I'T AGAIN 2023: 2-3
November/Malaga, Spain. 9-15.

14. Masamha, T'.: Predictive maintenance of base transceiver station power system using XGBoost algorithm:
A case study of Econet Wireless, Zimbabwe. (2023)

15. Ezeonwumelu, J. O. C., Uhama, K. C.,, Ugwu, O. P. C, Alum, E. U., Ugwuanyi, A. C. and Tambwe, P. R.
(2024). The Impact of Artificial Intelligence and Machine Learning on Pharmacy Practice. Research
Invention Journal of Research in Medical Sciences 8(1):10-15.

16. Dai, D., Cai, H,, Ye, L., Shao, W.: Two-Stage Delivery System for Last Mile Logistics in Rural Areas:
Truck—Drone Approach. Systems. 12, 121 (2024). https://doi.org/10.3390/systems12040121

17. Zaher N, Ghazouani M, Aziza C, Chatiq N (2024). Optimizing Processes in Digital Supply Chain
Management Through Artificial Intelligence: A Systematic Literature Review. Engineering Applications of
Artificial Intelligence, 421-428.

18. Joy, M., Venkataramanan, S., Ahmed, M., Mark, M., Gudala, L., Shaik, M., Pamidi Venkata, A.K., Reddy
Vangoor, V.K.: AIOps in Action: Streamlining IT Operations Through Artificial Intelligence,
https://papers.ssrn.com/sol3/papers.cimPabstract_id=5257975

19. Qj, P, Chiaro, D., Piccialli, I.: Small models, big impact: A review on the power of lightweight Federated
Learning. Future Generation Computer Systems. 162, 107484 (2025).
https://doi.org/10.1016/j.future.2024.107484

20. Robertson, J., Botha, E., Oosthuizen, K., Montecchi, M.: Managing change when integrating artificial
intelligence (Al into the retail value chain: The Al implementation compass. Journal of Business Research.
189, 115198 (2025). https://doi.org/10.1016/].jbusres.2025.115198

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited


https://doi.org/10.59298/IAAJSR/2024/112.3339
https://doi.org/10.36079/lamintang.ijai-01002.551
https://doi.org/10.36079/lamintang.ijai-01002.551
https://doi.org/10.1016/j.sciaf.2023.e01550
https://doi.org/10.1007/s42452-025-06625-x
https://doi.org/10.59298/NIJPP/2026/728791

