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Abstract— Agriculture in tropical West Africa faces 

persistent challenges such as low productivity, inefficient post-

harvest management, and limited access to market 

information systems. These issues are intensified by high costs 

and poor adoption of proprietary technologies. This research 

presents the design and implementation of an open-source 

Internet of Things (IoT) and full-stack platform for integrated 

agricultural management — spanning production, processing, 

storage, and market integration. The system architecture 

leverages low-cost IoT devices (ESP32, Raspberry Pi, and 

open-source sensors) for field data acquisition, while a 

Node.js/Django-based backend and React web interface 

enable real-time analytics, visualization, and decision-making. 

Data-driven modules are embedded using Python-based 

predictive analytics to monitor soil parameters, crop 

conditions, and post-harvest quality, with cloud 

synchronization for data persistence and offline access. The 

proposed platform was evaluated in a simulated farm-to-

market workflow in Benue State, Nigeria, demonstrating a 

35–45% reduction in post-harvest loss risk and improved 

access to market data. This paper contributes a replicable, 

cost-effective model for sustainable smart agriculture in 

resource-constrained regions and offers a scalable foundation 

for agricultural digitization across tropical West Africa. 

Keywords— Edge Computing, Embedded Systems, Full 

Stack Development, Internet of Things, IoT, Open Source 

Technologies. 

I. INTRODUCTION 

A. Background Information 

Agriculture remains the economic backbone of most 

tropical West African nations, employing over 60% of the 

population and contributing significantly to regional GDP 

[1]. However, smallholder farmers — who form the 

majority of producers — face persistent challenges such as 

low productivity, post-harvest losses, poor storage 

facilities, and limited access to market information systems 

[2]. These challenges are compounded by inadequate 

technological integration in agricultural processes, 

unreliable infrastructure, and the high cost of commercial 

digital farming solutions [3]. 

Recent advances in Internet of Things (IoT), edge 

computing, and data-driven analytics have transformed 

agriculture globally, enabling what is now termed ―smart 

agriculture‖ — a system where sensors, communication 

devices, and intelligent software provide real-time insights 

to optimize resource use and decision-making [4]. The 

deployment of open-source IoT platforms has become 

particularly relevant in developing countries, where cost 

efficiency and adaptability are essential [5]. These systems 

utilize affordable hardware such as ESP32 

microcontrollers, Raspberry Pi units, and open-source 

software frameworks, which collectively offer scalable 

monitoring and control solutions for farms and post-harvest 

environments [6]. 

In tropical West Africa, particularly in agricultural hubs 

like Benue State, Nigeria, integrating open-source 

technologies into farming can bridge the gap between 

production and market access. By combining IoT-based 

sensing with full-stack software systems, smallholder 

farmers can track soil conditions, manage irrigation, predict 

yields, and connect directly with buyers through digital 

platforms [7]. The use of full-stack web technologies — for 

instance, Django, Node.js, and React — allows seamless 

data management, visualization, and automation across 

multiple agricultural processes [8]. 

Despite their potential, the adoption of IoT and open-

source systems in West African agriculture remains 

minimal due to infrastructural limitations, poor awareness, 

and lack of localized designs tailored to tropical climates 

[9]. Studies in Sub-Saharan Africa emphasize the need for 

context-specific, low-cost, and sustainable solutions that 

integrate both hardware and software innovations [10]. 

Therefore, this research proposes the design and 

implementation of an open-source IoT and full-stack 

platform for smart agricultural production, processing, 

storage, and market integration in tropical West Africa. The 

system seeks to enhance sustainability, reduce post-harvest 

losses, and empower farmers through data-driven decision 

support. 
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B. Research Objectives 

1. To design and develop an open-source IoT-based system 

that integrates low-cost sensors and embedded devices 

(e.g., ESP32, Raspberry Pi) for real-time monitoring of 

soil moisture, temperature, and humidity in tropical 

agricultural environments 

2. To implement a full-stack web-based platform using 

open-source frameworks (Django/Node.js and React) for 

data aggregation, visualization, and decision support in 

agricultural production and processing 

3. To evaluate the system’s performance in terms of cost-

efficiency, latency, data accuracy, and energy 

consumption, aiming for at least a 30% improvement in 

monitoring efficiency compared to conventional manual 

methods 

4. To develop and integrate a digital market access module 

that connects farmers, processors, and buyers through 

the platform, evaluating its adoption rate and user 

satisfaction (target ≥ 70% positive feedback) 

II. REVIEW OF RELATED WORKS 

A. IoT Systems for Smart Agriculture 

The Internet of Things (IoT) has revolutionized 

agricultural practices by enabling remote monitoring, 

automation, and intelligent decision-making across farming 

operations. Dupont et al. [4] demonstrated an early open 

IoT framework applied to Western Africa that utilized low-

cost wireless sensor networks for real-time data collection 

in both urban and rural settings. Their work established a 

foundation for the integration of sensor-based systems into 

developing regions. Similarly, Kpienbaareh et al. [1] 

explored how multi-sensor satellite and IoT data integration 

can enhance crop type classification and land monitoring in 

Malawi, showing the transformative potential of sensing 

technologies in precision agriculture. 

McCampbell [2] further highlighted that automation and 

IoT adoption in developing countries can significantly 

boost agricultural productivity if contextualized to local 

infrastructure. Collectively, these studies underscore IoT’s 

potential to optimize productivity and resource 

management but reveal a gap in the local adaptation of IoT 

architectures to the environmental and economic realities of 

tropical West Africa. 

B. Open-Source Platforms and Low-Cost Technologies 

The high cost of proprietary agricultural technologies 

has limited adoption in developing regions, encouraging 

the use of open-source systems.  

Bokonda and Ouazzani-Touhami [6] designed the Open 

Data Kit (ODK) framework, which facilitates data 

collection and management using open-source software on 

mobile devices, making it suitable for low-income 

environments. Aliche [5] extended this approach through a 

climate-smart IoT-based agricultural system built entirely 

from open-source components such as Arduino and ESP32, 

which allowed smallholder farmers to monitor soil and 

environmental parameters affordably. 

Similarly, Vasheghani Farahani and Treiblmaier [7] 

integrated blockchain security mechanisms into an edge 

IoT environment using open-source technologies to ensure 

transparency and data integrity. Their findings suggest that 

open frameworks can deliver secure, scalable, and cost-

effective agricultural solutions. However, while these 

models demonstrate the viability of open technologies, 

their application in tropical agricultural value chains — 

from production to marketing — remains underexplored. 

C. African and West African Implementations 

Agriculture remains the cornerstone of most African 

economies, yet technological adoption is uneven across 

regions. Dupont et al. [4] focused on Western Africa, 

implementing real testbeds for IoT-based agricultural 

innovation, proving that regional pilot projects can thrive 

even in infrastructure-constrained environments. 

McCampbell [2] confirmed that agricultural digitalization 

in low- and middle-income countries is influenced by both 

policy and access to low-cost technologies, underscoring 

the importance of local government support. 

Sarangi and Pradhan [10] further examined how ICT 

infrastructure can drive innovation, arguing that digital 

systems in developing regions must be adaptable and 

resource-conscious. Goodman [9] connected this with the 

broader digital transformation of agriculture, emphasizing 

how emerging computational models and biotechnology 

are shaping sustainable food systems. Collectively, these 

studies suggest that West Africa has the potential to lead 

open, digital agricultural innovation, but faces challenges 

of scalability, data management, and integration across the 

production-to-market continuum. 

D. Integration Frameworks and Full-Stack Architectures 

Full-stack and multi-layer architectures represent a 

recent evolution in digital agriculture, integrating IoT 

hardware, backend data processing, and user interfaces 

within unified systems. Telukdarie et al. [3] presented a 

full-stack model using Django and RESTful APIs to 

manage enterprise data efficiently, an approach applicable 

to agricultural platforms requiring real-time 

synchronization between IoT data and user dashboards. 
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Oliveira [8] similarly developed a smart city IoT 

framework that demonstrates how open-source full-stack 

solutions (Node.js, PostgreSQL, and React) can enable 

real-time control and visualization — a concept directly 

transferable to smart farm management. 

Vasheghani Farahani and Treiblmaier [7] also 

highlighted the value of distributed edge computing in IoT 

systems, which aligns with the need for hybrid cloud-edge 

models in rural agriculture. However, existing systems 

often focus on isolated processes (e.g., sensing or analytics) 

rather than holistic, farm-to-market integration. This gap 

presents an opportunity for the current research to develop 

a complete open-source full-stack framework capable of 

supporting agricultural production, processing, storage, and 

market access under tropical West African conditions. 

E. Research Gaps 

The reviewed studies converge on four major gaps: 

1. Integration Gap: Few systems link farm-level sensing 

with post-harvest and market functions in a unified 

architecture. 

2. Contextual Gap: Most solutions are designed for 

temperate or industrialized regions rather than tropical, 

smallholder contexts. 

3. Cost Gap: Proprietary and hardware-intensive systems 

remain inaccessible to most African farmers. 

4. Scalability Gap: Limited evidence of scalable, open-

source frameworks that integrate full-stack software with 

IoT hardware. 

This research aims to address these gaps by designing an 

open-source IoT and full-stack platform tailored to the 

tropical West African agricultural context — emphasizing 

cost-effectiveness, integration, and sustainability. 

III. DESIGN FRAMEWORK / ARCHITECTURE 

For the purpose of this research, a prototype system 

was designed and implemented to demonstrate the 

feasibility of an open-source IoT and full-stack platform for 

smart agricultural production, processing, and market 

integration within tropical West Africa. The system follows 

a three-tier layered architecture — the device 

(perception) layer, the application (backend) layer, and the 

presentation (frontend) layer — consistent with modern 

IoT frameworks in smart agriculture [11], [12]. 

The design process adopted an iterative prototyping 

model, enabling successive refinement through user-

centered feedback and modular testing.  

This was particularly suited for tropical agricultural 

environments, where variability in connectivity, weather, 

and field conditions necessitates adaptive system 

development [13]. Each iteration focused on refining the 

data acquisition, communication protocols, and 

visualization components, aligning with best practices in 

IoT prototype engineering [14]. 

The Model–View–Controller (MVC) architectural 

pattern guided the full-stack design, ensuring logical 

separation between hardware, backend logic, and user 

interfaces. The IoT subsystem (Model) was based on 

ESP32 microcontrollers connected to soil and 

environmental sensors (moisture, temperature, and 

humidity), communicating through MQTT and HTTP 

protocols. The backend (Controller) was implemented 

using Django for data processing and PostgreSQL for 

database management, while ReactJS powered the 

frontend (View) to display real-time visualizations [15]. 

This modular approach improved maintainability and 

scalability, as observed in contemporary IoT frameworks 

[16]. 

The data flow architecture allowed collected sensor 

data to be transmitted via Wi-Fi or GSM to an edge node 

(Raspberry Pi), which performed preliminary data filtering 

before uploading to the cloud for storage and visualization. 

RESTful APIs facilitated secure and asynchronous 

communication between the system layers [17]. This 

approach supports both real-time monitoring and offline 

synchronization, providing resilience in low-connectivity 

rural environments [18]. 

To ensure openness and affordability, the prototype 

leveraged open-source software and low-cost IoT 

components, consistent with global calls for inclusive 

agricultural digitalization [19]. Moreover, the architecture 

was designed with future integration in mind — allowing 

for artificial intelligence (AI) extensions, predictive 

modeling, and data-driven market linkage modules. This 

forward-compatible, modular architecture offers a scalable 

model for agricultural innovation in resource-constrained 

tropical regions [20]. 

IV. SYSTEM IMPLEMENTATION AND EVALUATION 

The proposed system was implemented as a working 

prototype to validate the feasibility and performance of the 

open-source IoT and full-stack platform for smart 

agricultural production, processing, and market integration. 

The implementation involved both hardware 

configuration (for sensing and data transmission) and 

software development (for data storage, visualization, and 

analytics).  
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This section describes the implementation workflow, 

experimental setup, and evaluation metrics used to assess 

system performance. 

 
Fig. 1: Overview of the open-source IoT and Full-stack Platform for 

Smart Agricultural Production, Processing, and Market Integration 

A. Hardware Implementation 

The IoT subsystem was developed using low-cost, open-

source hardware components chosen for their affordability, 

availability, and energy efficiency. The ESP32 

microcontroller served as the primary sensing node due to 

its integrated Wi-Fi and Bluetooth capabilities, enabling 

reliable communication in rural agricultural environments.  

Sensors including DHT11 (temperature and humidity) 

and capacitive soil moisture sensors were deployed for 

environmental monitoring, while a Raspberry Pi 4 acted as 

the edge gateway for local data aggregation and 

preprocessing before cloud transmission [11], [12]. 

The ESP32 nodes collected environmental data every 30 

seconds and transmitted readings to the Raspberry Pi via 

MQTT protocol. This setup ensured real-time data transfer 

with low latency and minimal power consumption [13]. 

The Raspberry Pi also served as a local server for 

temporary data storage during network downtimes — a 

feature critical for rural deployments with intermittent 

connectivity [14]. 

 

Fig. 2: Interconnection of Components 

 

TABLE I: 

HARDWARE COMPONENTS AND SPECIFICATIONS 

Component Function Specification / Model Key Feature 

ESP32 Main sensing node 240 MHz dual-core, Wi-

Fi & BLE 

Low-power, high-speed MCU 

DHT11 Sensor Temperature & 

humidity sensing 

0–50°C, 20–80% RH Digital signal output 

Capacitive Soil Moisture 

Sensor 

Soil condition 

monitoring 

3.3–5V, analog output Corrosion resistant 

Raspberry Pi 4 Edge gateway 1.5 GHz quad-core, 4GB 

RAM 

Local processing and caching 

Power Supply (Solar + 

Battery) 

Energy source 5V/2A USB + 12V panel Energy sustainability 
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The system’s software stack followed the Model–

View–Controller (MVC) architecture, ensuring 

modularity and ease of maintenance [15]. The backend 

(Controller and Model) was implemented using Django, a 

high-level Python framework suitable for RESTful API 

design. PostgreSQL was used for structured data storage, 

while InfluxDB handled time-series sensor data. The 

frontend (View) was developed using ReactJS, providing 

farmers and agricultural officers with real-time dashboards 

for visualizing environmental and storage parameters [16]. 

Data were transmitted between the IoT nodes, backend 

server, and frontend interface using RESTful APIs with 

JSON payloads. Authentication and authorization were 

implemented through JWT tokens to enhance data security 

and integrity. A cloud deployment was established on 

AWS IoT Core, integrating the MQTT broker for large-

scale device management [17]. The system also 

incorporated Node-RED for visual flow programming and 

simplified data routing between the IoT gateway and the 

backend [18]. 

TABLE II:  

SOFTWARE TOOLS AND FUNCTIONS 

Tool / 

Framework 

Layer Functionality 

Django Backend REST API 

creation, 

database 

management 

PostgreSQL Database Data storage 

ReactJS Frontend Interactive UI 

Node-Red Integration 

Layer 

Real time data 

routing 

AWS IoT 

Core 

Cloud 

Service 

MQTT broker 

and device 

registry 

Python 

(Pandas, 

Flask) 

Analytics Data cleaning 

and analytics 

module 

C. Data Acquisition and Processing Workflow 

The system’s data workflow consisted of five stages: 

1. Sensing: ESP32 sensors collect environmental and 

soil data at fixed intervals. 

2. Transmission: Data are sent via MQTT to the 

Raspberry Pi gateway. 

3. Preprocessing: The Raspberry Pi filters, validates, 

and temporarily stores data locally. 

 

4. Cloud Upload: Filtered data are uploaded to the 

cloud server through RESTful APIs. 

5. Visualization and Analytics: Data are displayed in 

real time on the web dashboard, while historical 

data are analyzed using Python-based predictive 

scripts for future decision support [19]. 

The end-to-end latency for each data transmission cycle 

was measured to be under 1.8 seconds, demonstrating the 

system’s suitability for real-time applications in smart 

farming. Data accuracy and reliability were verified by 

comparing IoT sensor readings with handheld measurement 

tools, yielding an average accuracy of 93.4%. 

D. System Evaluation 

To assess performance, the prototype was deployed on a 

small demonstration farm in Benue State, Nigeria, under 

tropical environmental conditions. The evaluation focused 

on four performance indicators: 

1. Latency: Average data transmission delay from 

sensing to dashboard display. 

2. Power Consumption: Measured across 

operational cycles using a 5V solar-battery 

system. 

3. Data Accuracy: Compared sensor readings 

against calibrated reference instruments. 

4. Cost Efficiency: Total hardware and software 

costs benchmarked against commercial 

alternatives. 

The prototype achieved an average latency of 1.8 

seconds, power consumption below 2.5W per node, and 

an overall deployment cost reduction of 60% compared 

to proprietary systems. These results demonstrate that the 

proposed platform offers a cost-effective, scalable, and 

sustainable approach to agricultural digitalization in 

tropical West Africa [20]. 

The system’s success is attributed to its open-source 

foundation, modular architecture, and adaptability to 

environmental and infrastructural challenges. Similar 

findings have been reported in contemporary IoT-based 

agricultural systems emphasizing low-cost, cloud-

integrated models [21], [22]. The integration of edge 

computing via Raspberry Pi significantly improved data 

reliability during network interruptions, while the full-stack 

web interface facilitated decision support for both 

production and marketing processes. 
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V. RESULTS AND DISCUSSION 

This section presents the experimental results obtained 

from the prototype implementation of the open-source IoT 

and full-stack platform, followed by a detailed discussion 

of system performance, scalability, and implications for 

agricultural transformation in tropical West Africa. The 

results are analyzed in terms of latency, accuracy, cost-

efficiency, and usability, compared against benchmarks 

from related IoT-based agricultural systems. 

A. System Performance Results 

Performance evaluation was conducted over a 30-day 

pilot test in Benue State, Nigeria, covering farm 

monitoring, storage management, and market data 

synchronization. Table III summarizes key system 

performance indicators. 

TABLE III: 

SUMMARY OF PROTOTYPE PERFORMANCE METRICS 

Performance Parameter Measured Value Benchmark / Reference Result Evaluation 

Average Data Latency 1.82 seconds ≤ 2.5 seconds [11] Excellent 

Data Transmission Success 

Rate 
96.8% 

 

≥ 90% [12] Highly Reliable 

Sensor Data Accuracy 
93.4% 

 

90–95% [13] 

 

Acceptable 

Average Node Power 

Consumption 

2.4 W ≤ 3 W [14] Energy Efficient 

System Uptime 98.2% ≥ 95% [15] 
Stable 

 

Deployment Cost (per node) USD 38.50 USD 90–120 [16] 60% Cheaper 

 

Fig. 3. Comparative analysis of prototype performance metrics 

against benchmark values. 

The results show that the system achieved an average 

data latency of 1.82 seconds, demonstrating its ability to 

support near real-time agricultural monitoring. The data 

transmission success rate (96.8%) indicates strong 

network reliability under intermittent connectivity.  

Accuracy tests comparing IoT sensor data to calibrated 

handheld instruments yielded an average accuracy of 

93.4%, confirming the reliability of the chosen low-cost 

components. 

In terms of energy efficiency, each node consumed 

approximately 2.4 W, which is significantly below the 3 W 

threshold for most IoT agricultural deployments [14]. The 

total hardware cost per unit was approximately USD 38.50, 

representing a 60% reduction compared to commercial 

alternatives, consistent with low-cost IoT deployments in 

similar studies [16], [17]. 

B. Comparative Analysis with Related Studies 

When compared with other IoT-based agricultural 

frameworks, the proposed prototype exhibits competitive or 

superior performance in terms of latency, cost, and 

flexibility. Lamsal et al. [11] reported average latency 

values between 2.1–2.5 seconds for IoT platforms in 

Nepalese farms, while Senoo et al. [12] observed 94% data 

reliability in their sensor network for greenhouse 

automation.  
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The present system’s performance (1.82 s latency, 

96.8% reliability) thus places it among high-performing, 

low-cost IoT solutions. 

The open-source architecture also offered a scalability 

advantage: unlike proprietary systems, new sensors and 

modules could be integrated without licensing restrictions. 

Similar design flexibility was demonstrated by Cob-Parro 

et al. [17], who implemented modular open AI components 

within IoT-driven agricultural systems. 

Furthermore, while López-Morales et al. [18] achieved 

strong interoperability through cloud-based IoT platforms, 

this study demonstrated that edge integration via 

Raspberry Pi could achieve comparable stability with 

lower energy and connectivity requirements, addressing 

key rural infrastructure challenges in West Africa. 

C. Usability and Market Integration Findings 

User evaluations conducted among 15 smallholder 

farmers and two cooperative officers in Benue State 

revealed high usability and satisfaction levels, with an 

average System Usability Score (SUS) of 81.6/100, which 

falls within the ―excellent‖ usability range [19]. 

Participants highlighted the ease of accessing soil moisture 

and weather data, while the integrated market module was 

particularly useful for checking commodity prices in real-

time. 

The platform’s simple interface (ReactJS-based) reduced 

the need for technical training, a vital factor for adoption in 

regions with limited digital literacy. This finding aligns 

with recent studies emphasizing user-centered design and 

open-access software tools as enablers of agricultural 

technology adoption in developing economies [20], [21]. 

D. Discussion of Key Insights 

The results confirm that the open-source IoT and full-

stack prototype provides a practical, scalable, and low-

cost solution for tropical agricultural systems. 

Three major insights emerged: 

1. Performance Efficiency: The prototype achieved 

comparable or superior performance to existing 

IoT agricultural systems at less than half the cost, 

validating open-source architectures for resource-

constrained contexts [13], [16]. 

2. Resilience through Edge Processing: The 

integration of Raspberry Pi as an edge node 

significantly improved system uptime and data 

reliability, mitigating issues of poor internet 

access — a major constraint identified in sub-

Saharan digital agriculture [18]. 

3. Socio-technical Relevance: Beyond technical 

metrics, the system demonstrated tangible socio-

economic value by enhancing farmers’ access to 

real-time production and market information, 

supporting the goals of digital inclusion and food 

security [21], [22]. 

Overall, the study reinforces the viability of open-

source, low-cost IoT systems as transformative enablers for 

smart, sustainable agriculture in tropical West Africa. 

VI. CONCLUSION AND FUTURE WORK 

This study presented the design and implementation of 

an open-source IoT and full-stack platform for smart 

agricultural production, processing, storage, and market 

integration in tropical West Africa. The system was 

conceptualized to address persistent agricultural challenges 

such as low productivity, post-harvest losses, and limited 

digital connectivity that affect smallholder farmers in the 

region. By leveraging affordable open-source hardware 

(ESP32, Raspberry Pi) and scalable software frameworks 

(Django, ReactJS, PostgreSQL), the developed prototype 

demonstrated how digital innovation can enhance 

agricultural sustainability and market accessibility. 

Experimental results from the prototype deployment in 

Benue State, Nigeria revealed promising performance 

outcomes: 

 an average data latency of 1.82 seconds, 

 data accuracy of 93.4%, 

 system uptime exceeding 98%, and 

 a 60% cost reduction compared to commercial 

IoT platforms. 

These results validate the system’s feasibility and 

underscore its suitability for deployment in resource-

constrained agricultural contexts. The incorporation of edge 

computing through the Raspberry Pi gateway proved 

instrumental in ensuring data reliability under unstable 

network conditions, while the full-stack web interface 

offered real-time visualization and market access 

functionalities for farmers. 

The study’s findings align with recent research 

advocating open-source digital ecosystems and IoT-driven 

agricultural transformation as vital enablers for sustainable 

food production in developing economies [11], [15], [16]. 

Furthermore, the use of modular and extensible architecture 

allows for seamless integration of machine learning and 

data analytics modules, paving the way for predictive and 

autonomous agricultural decision-making. 
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A. Contributions 

This research contributes to both academic and practical 

domains by: 

1. Developing a context-specific IoT and full-stack 

prototype tailored to tropical agricultural systems. 

2. Demonstrating the cost-effectiveness and 

scalability of open-source technologies in 

agriculture. 

3. Providing an architectural framework that 

integrates production, processing, and market data 

for end-to-end visibility. 

4. Offering a baseline model for future research on 

smart agriculture in West Africa and other tropical 

regions. 

B. Limitations 

While the system achieved significant technical 

performance, some limitations were identified: 

 The prototype’s data collection range was limited 

by Wi-Fi coverage, which may be inadequate for 

large farmlands. 

 Power dependency on solar energy occasionally 

led to downtime during prolonged cloudy 

conditions. 

 Limited field trials (30 days) restricted long-term 

performance validation under seasonal variations. 

C. Future Work 

Future developments will focus on addressing these 

limitations through the following directions: 

1. AI-Driven Predictive Analytics: Integration of 

lightweight machine learning models (e.g., 

TensorFlow Lite) to predict crop yield, soil health, 

and weather trends. 

2. LoRaWAN and GSM Integration: Expanding 

communication range by incorporating LoRa or 

GSM modules for broader, low-power rural 

coverage. 

3. Mobile Application Development: Developing an 

Android-based mobile application to enhance 

accessibility and offline functionality for farmers 

with limited internet access. 

4. Scalability and Cloud Integration: Deploying the 

system on hybrid cloud-edge infrastructures to 

support multi-farm data aggregation and regional 

policy planning. 

 

5. Socio-Economic Impact Evaluation: Conducting 

longitudinal studies to assess the platform’s long-

term effects on farmer income, post-harvest 

efficiency, and food security in tropical West 

Africa. 

D. Final Remarks 

The prototype demonstrates that digital transformation 

in agriculture can be achieved through affordable, open-

source innovation. By bridging the gap between production 

and market systems, the platform contributes to the 

advancement of Sustainable Development Goals (SDG 2 

– Zero Hunger, SDG 9 – Industry, Innovation and 

Infrastructure, and SDG 12 – Responsible 

Consumption and Production). This work lays a strong 

foundation for scaling smart agricultural systems across 

tropical West Africa, positioning open-source IoT 

technologies as a viable pathway toward inclusive, 

sustainable, and data-driven farming in developing 

economies. 
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