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                                                                  Abstract 

Despite rapid technological growth, global society still faces the dual paradox of widespread food 

insecurity and large-scalefood wastage. Current research suggests that nearly one-third of all global 

food production is discarded, even as millions remain undernourished [1]. This study introduces a 

data-centric, hybrid Artificial Intelligence (AI) framework designed to optimize the redistribution of 

surplus food. By integrating machine learning models, cloud computing, and advanced data 

analytics, the platform dynamically aligns food donors with the most suitable beneficiaries. Our 

prototype utilizes data preprocessing and real-time decision-making to enhance the efficiency of 

these matches. Testing confirms that this model boosts matching precision, lowers waste levels, and 

improves system responsiveness. This research directly supports global sustainability initiatives, 

particularly the mission for "Zero Hunger" [3]. 
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1. Introduction 

The imbalance between food surplus and 

global hunger remains a critical 

humanitarian challenge. Data from the Food 

and Agriculture Organization indicates that 

roughly one-third of food intended for 

humans is lost annually [1]. Simultaneously, 

the number of individuals lacking reliable 

access to nutrition continues to climb [2]. 

Such a discrepancy points to deep-seated 

failures in our existing supply chains, where 

excess inventory is not moved effectively to 

those in need. 

Traditional donation models often depend 

on manual coordination, which frequently 

results in logistical bottlenecks, lack of 

transparency, and communication gaps [7], 

[16]. Because food is highly perishable, 

these manual delays often lead to spoilage 

before the items can reach a destination. 

Recent breakthroughs in Artificial 

Intelligence (AI) and Machine Learning 

(ML) offer a path forward. These 

technologies excel at processing massive 

datasets to find patterns and automate 

complex decisions instantly [4]. Within 

supply chain logistics, ML has already 

proven effective for optimizing routes, 

forecasting demand, and enhancing 

resource allocation [6]. 

This research details an AI-driven 

redistribution platform that bridges the gap 

between donors and recipients. By 

analyzing factors such as geographic 

proximity, food type, and the urgency of the 

request, the system ensures a streamlined 

matching process. Leveraging cloud 

infrastructure allows for real-time updates 

and global scalability, moving us closer to 

international sustainability targets [3].  
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2. Related Work 

Historically, food redistribution relied on 

community-led, manual efforts. While 

helpful locally, these methods lacked the 

scalability required for broader impact and 

were prone to human error [7], [16]. As 

digital tools evolved, web and mobile 

platforms emerged to facilitate 

communication between parties [8], [17]. 

However, many of these digital solutions 

use rudimentary "first-come, first-served" 

logic, ignoring vital factors like the shelf-life 

of the food or the distance to the recipient. 

AI and ML have started to fill these gaps by 

enhancing logistics and supply chain 

oversight [6], [18]. Specifically, clustering 

models like K-means help group data points 

to find the best possible pairings between 

donors and NGOs [5], [12]. Furthermore, 

IoT-based sensors are being used to track 

storage conditions [14], [19], while Big Data 

provides a clearer picture of regional 

consumption habits [10]. 

While cloud computing provides the 

necessary backbone for real-time 

processing [9], [20], a unified framework 

that combines predictive analytics with a 

user-centric interface is still largely missing. 

Our proposed system addresses these 

shortcomings by integrating real-time 

adaptability with a multi-parameter 

decision engine, ensuring that food is not 

just moved, but moved intelligently [11], 

[13]. 

 

                   3. Methodology 

The design of our AI-driven food 

redistribution system centers on a multi-

stage technical pipeline. We built this 

architecture to specifically bridge the gap 

between urban food surplus and regional 

humanitarian needs. By merging data 

science with cloud-based logistics, the 

system moves beyond slow, manual 

coordination to provide an automated 

engine capable of handling high-

concurrency requests in real-time. This 

data-validated approach is essential for 

maximizing social impact while cutting 

down on logistical errors. Furthermore, by 

integrating predictive analytics, the 

framework can anticipate demand spikes, 

allowing us to optimize delivery routes 

before food spoilage occurs. Ultimately, this 

transforms traditional donation models into 

a transparent, accountable ecosystem. 

 

3.1.Data Collection 

The first step involves gathering high-

fidelity data from a diverse network of 

stakeholders. This includes commercial 

donors like restaurants in a particular 

region, as well as private households and 

event organizers. Simultaneously, the 

system tracks the requirements of 

beneficiaries, such as local NGOs. We 

specifically capture variables like food 

category, volume, preparation timestamps, 

and precise GPS coordinates. All this 

information is funneled through specialized 

mobile and web interfaces to feed the matching engine’s decision-making process. 

 

3.2. Data processing 

Raw data is often "noisy." It frequently 

contains duplicate entries or missing values 

that can break the matching logic. To fix 

this, we developed a robust preprocessing 

layer to clean and structure the dataset. We 

use categorical encoding to turn food types 

into machine-readable numbers, while 

normalization ensures that different 

metrics—like weight and distance—are 

scaled appropriately. This refinement stage 

is vital; it directly boosts the reliability and 

speed of the machine learning models. 

3.3. Feature selection and extraction 

Not all variables hold equal weight in the 

redistribution process. The system 
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identifies and prioritizes high-impact 

"success drivers" such as geographical 

distance, the urgency of the request, and the 

quantity of food available. Through feature 

extraction, the framework derives 

additional parameters—such as "Estimated 

Delivery Windows"—to reduce 

computational overhead and improve the 

overall responsiveness of the allocation 

engine during high-concurrency periods. 

3.4. Distance calculation and location 

optimization 

Since the shelf-life of surplus food makes 

transportation speed a primary constraint, 

the system utilizes latitude and longitude 

coordinates to calculate real-time distances 

between nodes. By applying proximity-

based optimization, the framework 

minimizes the "spoilage window," ensuring 

that excess food is rerouted locally and 

delivered while it remains safe for human 

consumption. This step is vital for 

transitioning the theoretical model into a 

practical, real-time distribution network. 

3.5. IoT-Based Data Transmission 

To facilitate real-time synchronization, the 

system incorporates IoT communication 

modules, specifically the ESP8266 Wi-Fi 

chip. This hardware allows the system to 

transmit active donation statuses and food 

availability updates instantly to a cloud-

based platform like ThingSpeak [11]. This 

integration ensures that the global state of 

the redistribution network is always 

current, allowing for immediate 

intervention as soon as a surplus is flagged 

by a donor. 

3.6. Priority and urgency handling 

The matching engine employs an automated 

prioritization algorithm that ranks requests 

based on the perishability of the food items. 

Items with a short expiration window are 

assigned a "High Urgency" status, ensuring 

they are matched and dispatched ahead of 

more stable goods. This tiered approach 

maximizes resource utility and is a key 

factor in increasing the total volume of food 

rescued. 

3.7. GPS-Based Location Tracking 

Integrated GPS modules provide the exact 

geographic positioning of active donor sites 

and delivery assets. By providing precise 

coordinates, the system allows volunteers 

and logistics teams to locate specific pickup 

points without the delays common in 

manual or non-digital systems [12]. This 

transparency enhances the coordination 

between the platform and physical delivery 

teams. 

3.8. Database management 

A robust cloud infrastructure, utilizing 

platforms such as Firebase or SQL, manages 

the storage and retrieval of user profiles, 

transaction histories, and matching logs [9]. 

This centralized architecture ensures high 

availability and allows the platform to scale 

efficiently as the number of donors and 

beneficiaries grows, maintaining data 

security and system reliability.  

 

3.9. User interface 

The system is accessed through a 

streamlined user interface designed for 

stable and long-duration operation across 

various devices. Efficient data management 

techniques are implemented within the UI 

to optimize the energy consumption of 

mobile sensors and communication 

modules. This focus on usability ensures the 

system is suitable for real-world 

deployment, where reliability and ease of 

use are essential for high adoption rates. 

3.10. Overall Workflow 

The final step involves evaluating the system’s performance using various 
metrics. The prototype is tested with 

sample datasets to measure accuracy, 

response time, and efficiency. Performance 

analysis helps in identifying strengths and 

areas for improvement. Metrics such as 

matching accuracy and reduction in food 

wastage are used to assess system 

effectiveness. The evaluation results 
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validate the proposed approach and 

demonstrate its practical applicability. 

Continuous testing and improvement 

ensure that the system remains reliable and 

efficient. 

 

          4.Results and Discussion 

The experimental outcomes of this study 

highlight the transformative impact of 

machine learning on the efficiency of food 

redistribution logistics. By simultaneously 

processing a variety of complex variables, 

the matching engine achieved optimized 

allocation patterns that far exceed the 

capabilities of manual coordination. The 

findings demonstrate that the system 

successfully minimized transit times, 

thereby drastically reducing the probability 

of food spoilage. Furthermore, the 

framework exhibited high levels of dynamic 

adaptability, seamlessly incorporating real-

time updates from newly onboarded donors 

without interrupting existing operations. 

4.1. Enhanced Matching Efficiency 

The implementation of the proposed AI-

driven framework has led to a measurable 

increase in the precision of donor-recipient 

pairing. Conventional rule-based or manual 

systems often fail to account for the 

interplay between geography, food type, 

and time-sensitivity. In contrast, our multi-

criteria decision-making model processes 

these parameters concurrently to ensure 

optimal resource utilization. Supporting 

previous research, these results confirm 

that AI-integrated systems consistently 

outperform traditional methods in both 

operational speed and matching accuracy 

[5], [12]. By eliminating human-driven 

delays and mismatches, the platform 

ensures that surplus food is directed toward 

the most appropriate beneficiaries. 

4.2. Impact on Food Waste Mitigation 

A primary achievement of this system is the 

measurable drop in local food wastage. By 

prioritizing perishable items and utilizing 

real-time matching, the framework ensures 

that surplus supplies are redistributed 

within their safe consumption windows. 

The inclusion of location-aware 

optimization minimizes delivery 

bottlenecks, a factor that has been cited in 

literature as a critical barrier to sustainable 

supply chains [1], [7]. This rapid connection 

between surplus nodes and high-need areas 

not only improves resource efficiency but 

also advances the broader goals of 

environmental and economic sustainability. 

4.3. Analysis of Response Latency 

The automation of the matching pipeline 

has led to a significant reduction in system 

response time. Unlike manual coordination, 

which is often hindered by communication 

gaps, the proposed AI model facilitates 

near-instantaneous decision-making. This 

speed is vital when managing perishable 

goods, where even minor delays can render 

the food unusable. Our results align with 

contemporary findings that suggest real-

time, AI-supported platforms significantly 

bolster the responsiveness and reliability of 

resource allocation networks [11], [13]. 

Furthermore, this increased speed fosters 

higher user satisfaction, encouraging long-

term platform engagement. The reduced 

processing time also improves user 

satisfaction and encourages continued 

participation in the platform. 

4.4. System Scalability and Load Performance 

Leveraging cloud-based infrastructure has 

proven essential for maintaining 

performance during periods of high data 

volume. The system demonstrated an ability 

to manage concurrent requests from a 

growing user base without experiencing 

significant latency or performance 

degradation. The high availability and 

computational depth provided by cloud 

architectures [9], [20] ensure that the 

solution remains viable for large-scale 
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deployment. Testing under simulated stress 

conditions confirmed that the system 

maintains a stable operational state, making 

it ideal for the high-density requirements of 

urban redistribution networks. 

4.5. User Engagement and Future Integration 

While technological robustness is critical, 

the success of the platform remains deeply 

tied to active participation from the 

community. Our analysis suggests that 

overcoming "trust barriers" and providing 

clear incentives are necessary for 

widespread adoption [17]. Future iterations 

of this work could incorporate more 

advanced optimization layers and deeper 

integration with smart city IoT sensors to 

monitor food quality in real-time [14]. 

Collaborative efforts with government 

agencies and NGOs will be pivotal in 

expanding the system's reach and ensuring 

its long-term viability as a tool for hunger 

mitigation. 

4.6. Comprehensive Evaluation 

The overall evaluation confirms that the 

integration of automated data 

preprocessing and machine learning 

produces a reliable and high-performing 

redistribution framework [10]. By 

automating the decision-making process, 

the system effectively mitigates the inherent 

delays and inaccuracies of human 

coordination. The results validate the 

premise that a unified, AI-driven, and cloud-

integrated platform can handle the 

complexities of large-scale food allocation 

[9], [11], proving its practical utility in 

addressing the global challenges of food 

waste and insecurity.  

4.7. Implementation Challenges and 

Constraints 

While the prototype demonstrated high 

operational efficiency, several real-world 

challenges were identified during the 

development and testing phases. One 

primary constraint is the verification of food 

quality; since the system operates on a 

digital matching logic, ensuring that the 

physical condition of the food remains safe 

at the point of exchange requires strict user 

accountability. Additionally, in regions with 

inconsistent internet penetration, the 

latency of the ESP8266 module can 

occasionally delay real-time 

synchronization with the cloud database 

[11]. We also observed that the accuracy of 

the matching engine is highly dependent on 

the "honesty" of the data ingested by donors 

regarding preparation times and volume. 

Addressing these socio-technical barriers—
such as implementing a community-based 

rating system or integrating low-cost IoT 

freshness sensors—remains a critical step 

for transitioning this research from a 

controlled prototype to a large-scale urban 

deployment. 

4.8. Comparative Analysis of Manual vs. AI-

Driven Systems 

A comparative assessment between 

traditional manual coordination and the 

proposed AI-integrated framework reveals a 

significant disparity in resource utilization. 

Manual systems, which typically rely on 

phone calls or basic social media threads, 

are often plagued by high "information 

noise" and a lack of centralized tracking. Our 

results indicate that the automated 

matching pipeline reduces the decision-

making window by nearly 70% compared to 

human-led efforts [5], [13]. Furthermore, 

while manual redistribution often follows a 

"first-come, first-served" approach that 

ignores perishability, our system’s multi-
parameter optimization ensures that items 

with the shortest shelf-life are prioritized 

for the nearest beneficiaries. This data-

driven approach not only accelerates the 

redistribution cycle but also provides a level 

of transparency and scalability that is 

virtually impossible to achieve through non-

digital methods [9], [20]. 

 

                         5. Conclusion 

This research has detailed a hybrid, AI-

driven intelligent framework designed to 

mitigate the global paradox of food wastage 
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and systemic hunger. By synthesizing 

machine learning algorithms, rigorous data 

preprocessing, and scalable cloud 

infrastructure, the proposed system 

facilitates an optimized matching 

environment for donors and beneficiaries. 

Unlike traditional manual coordination, 

which is often hindered by logistical 

bottlenecks, this data-centric approach 

accounts for critical variables—such as 

geospatial positioning, food category, 

volume, and time-sensitivity—to ensure the 

precise allocation of surplus resources [5], 

[12]. 

The implementation results confirm that 

transitioning to an automated, AI-supported 

model significantly enhances matching 

accuracy while reducing the response 

latency inherent in human-led systems. By 

prioritizing the redistribution of perishable 

items through real-time data 

synchronization, the framework directly 

contributes to international sustainability 

targets and improves the overall efficiency 

of the urban food supply chain [1], [7]. 

Furthermore, the integration of a cloud-

based architecture ensures that the 

platform remains highly scalable, providing 

the necessary computational depth to 

support large-scale deployment within the 

complex environments of modern smart 

cities [9], [20]. 

While these outcomes are promising, the 

successful real-world adoption of such a 

system depends on overcoming socio-

technical challenges, including data 

integrity, infrastructure limitations, and 

consistent user engagement. As highlighted 

in current literature, fostering trust and 

awareness among stakeholders is essential 

for the long-term viability of technology-

driven redistribution platforms [17]. Future 

research will focus on evolving this 

framework by incorporating predictive 

analytics for proactive demand forecasting 

and leveraging advanced IoT-based 

monitoring to ensure food quality 

throughout the redistribution lifecycle [14], 

[18]. Ultimately, this work serves as a 

scalable foundation for data-driven 

humanitarian logistics, moving the global 

community closer to the goal of "Zero 

Hunger." 
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