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Abstract

The rapid growth of online take-out food delivery services has increased the demand for
efficient, low-cost, and timely delivery solutions. Traditional delivery models rely on
dedicated staff or slow electric vehicles, leading to high operational costs, limited delivery
range, and delays during peak hours. This paper presents FOODNET, a novel optimized food
delivery network that leverages spatial crowdsourcing by utilizing the abundant taxis already
operating in urban road networks. FOODNET supports two service modes: Opportunistic On-
Demand Take-Out Delivery (O-OTOD), where taxis deliver food while carrying passengers,
and Dedicated On-Demand Take-Out Delivery (D-OTOD), where taxis focus solely on food
delivery. The system formulates the delivery task assignment as an optimization problem
aimed at minimizing the number of selected taxis and total traveling distance. A two-stage
solution comprising a construction algorithm for initial solutions and an Adaptive Large
Neighborhood Search (ALNS) for optimization is proposed. Experimental results on real-
world datasets from Chengdu, China, demonstrate that FOODNET significantly improves
delivery efficiency, reduces costs, and provides better resource utilization compared to
existing baselines. The framework offers a scalable, sustainable, and practical solution for
smart city food logistics.

Keywords: Food Delivery Network, Spatial Crowdsourcing, Route Optimization, Task
Allocation, Location-Based Services, Last-Mile Delivery, Adaptive Large Neighborhood
Search.

L.Introduction

With the proliferation of mobile internet and smart devices, online take-out food delivery has
become a popular service. However, existing systems face challenges such as high delivery
costs, limited geographic coverage due to slow vehicles, and congestion during peak hours
(lunch and dinner). These issues result in delayed deliveries and inefficient resource
utilization.

Spatial Crowdsourcing (SC) offers a promising paradigm by dynamically assigning location-
based tasks to nearby available workers. This paper proposes FOODNET, a novel food
delivery network that integrates spatial crowdsourcing with existing taxi resources in urban
areas. By leveraging taxis already on the road, FOODNET enables efficient food delivery
without the need for dedicated fleets.

The system supports two delivery modes:

e Opportunistic OTOD (O-OTOD): Taxis deliver food while carrying passengers.
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Dedicated OTOD (D-OTOD): Taxis deliver food exclusively.

The optimization objective is to minimize the number of taxis used and the total traveling
distance while satisfying strict time windows for food quality. A two-stage algorithm
(construction + ALNS) is developed to solve the complex task assignment problem.

IL.LiteratureSurvey

Vehicle Routing Problems (VRP) and Dial-a-Ride Problems (DARP) form the foundation of
object delivery research. Pisinger and Ropke introduced the Adaptive Large Neighborhood
Search (ALNS) heuristic for solving various VRP variants. Christiaens and Gschwind further
advanced ruin-and-recreate approaches for capacitated VRP.

Ridesharing systems such as T-Share and Crowddeliver combine passenger and package
delivery using taxis. Ma et al. developed real-time taxi-sharing systems, while Li et al.
explored integrated passenger-parcel delivery models. Chen et al. proposed Crowddeliver,
where taxis deliver packages collaboratively with passengers.

However, food delivery introduces stricter time windows and smaller package sizes
compared to general parcel delivery. Most existing works do not address the unique
constraints of take-out food (e.g., freshness requirements and peak-hour demand surges).
FOODNET fills this gap by formulating a specialized SC-based food delivery network using

taxi resources.

I11. Existing System & Proposed System

A.ExistingSystem

Current food delivery platforms rely on dedicated delivery staff or slow electric vehicles.
Some systems use taxis for parcel delivery but do not integrate real-time food-specific
constraints. These approaches suffer from high costs, limited scalability during peak hours,
and inefficient resource utilization.

Disadvantages of Existing Systems

1. High delivery costs due to dedicated fleets.

2. Limited delivery range and slow speed with electric vehicles.

3. Inability to handle peak-hour demand surges.

4. Underutilization of existing urban taxi resources.

5. Lack of real-time optimization for food freshness.
B.ProposedSystem

FOODNET leverages spatial crowdsourcing with pervasive taxis to deliver food efficiently. It
supports O-OTOD (opportunistic delivery with passengers) and D-OTOD (dedicated food
delivery). The system uses a two-stage algorithm: a construction algorithm for initial
solutions and ALNS for optimization. Tasks are assigned based on proximity, time windows,
and taxi availability.
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Advantages of the Proposed System

Utilizes existing taxi resources, reducing operational costs.
Supports opportunistic and dedicated delivery modes.
Ensures food freshness through strict time windows.
Optimizes routes and minimizes taxis used.

Scalable for real-world urban environments.

bk wh =

IV. System Design & Architecture

A. SystemArchitecture
The architecture includes: (1) User/Order Module, (2) Spatial Crowdsourcing Task
Allocation, (3) Route Optimization Engine, (4) Real-Time Tracking, and (5) Cloud-
Based Data Management.

. Food-delivery request Delivery task allocation
Food ordering .
handling . .
i ConstructionHeuristic
requests ( )
Information of restaurants| \_ '
» ALNS
Unsatisfying Satisfyiing
Removingrequests
Information of taxis \
Information of users T Accepting
Inserting requests
- > BN

B. System Flowchart
User places order — System detects nearby taxis — Task assignment (O-OTOD/D-
OTOD) — Route optimization using ALNS — Real-time delivery tracking —
Completion and feedback.

Level 0 Delivery ° Register > Login

Enter Route
Level 1 Delivery > Login

View Orders

C. Modules Overview
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Order Management Module: Handles user orders and restaurant coordination.
Spatial Task Allocation Module: Assigns tasks based on location and availability.
Route Optimization Module: Uses ALNS for efficient routing.

Real-Time Tracking Module: Monitors delivery status.

Payment and Feedback Module: Processes payments and collects ratings.

AN e

Table I: Technology Stack

Component| Technology / Tool
Language |Java/J2EE (JSP, Servlet)
Frontend |[HTML, CSS, JavaScript
Backend JSP, IDBC

Database ||[MySQL

IDE NetBeans

Server Apache Tomcat

V. Results & Discussion

The system was evaluated using real-world taxi trajectory, restaurant, and cell tower datasets
from Chengdu, China. Results show that FOODNET significantly reduces the number of
taxis required and total traveling distance compared to baseline methods. The two-stage
algorithm (construction + ALNS) achieves fast convergence and high solution quality. The
framework effectively handles both opportunistic and dedicated delivery scenarios,
demonstrating practicality for smart city food logistics.

Table II: Performance / Evaluation Summary

Baseline Proposed
Metri t R k
etric / Componen Methods FOODNET emarks
Number of Taxi . . e
Ulslércll crot taxis Higher Significantly Lower |Better resource utilization
Total Traveli
(.) % Traveling Higher Lower Optimized routes
Distance
Meets food fresh
Delivery Time Longer Reduced ee's 00¢ TESANESs
requirements
Scalability Limited High Handles peak-hour demand
Cost Efficiency Moderate High Leverages existing taxis
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VI.Conclusion

This paper presented FOODNET, an optimized food delivery network based on spatial
crowdsourcing that leverages urban taxis for efficient take-out delivery. The system supports
opportunistic and dedicated delivery modes and solves the complex task assignment problem
using a two-stage algorithm combining construction and ALNS heuristics. Experimental
results on real-world datasets confirm that FOODNET reduces delivery costs, improves
efficiency, and provides better resource utilization compared to traditional methods. The
framework contributes to sustainable smart city logistics by integrating food delivery with
existing transportation resources. Future work will explore integration with autonomous
vehicles and advanced Al-based demand prediction.
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