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Preface 

Mobile Crowdsensing (MCS) is emerging as a novel sensing paradigm in the 
Internet of Things (IoTs) due to the proliferation of smart devices (e.g., smart-
phones, wearable devices) in people’s daily lives. These ubiquitous devices enable 
the possibility of harnessing the wisdom of crowds by recruiting mobile users to 
collectively perform sensing tasks that largely collect data about a diverse range 
of human activities and the surrounding environment. However, users suffer from 
resource consumption like battery, computing power, and storage, which discourage 
users’ participation. To ensure a participation rate, it is necessary to employ an 
incentive mechanism to compensate users’ costs such that users are willing to take 
part in crowdsensing. Designing an appropriate incentive mechanism is nontrivial 
due to different practical challenges like modeling and computational hardness. 
Capturing the different roles’ utility maximization, game theory is widely used to 
address incentive mechanism design problems. While many existing papers study 
incentive mechanism in MCS, to the best of our knowledge, there is few books 
giving a comprehensive review of the incentive mechanism for MCS, especially 
from the game-theoretic perspective. This book aims to fill this void. 

This book sheds light on designing incentive mechanisms for MCS in the 
context of game theory. Particularly, we present several game-theoretic models for 
MCS in different scenarios. In these game-theoretic models, many techniques are 
involved, such as the Stackelberg game, online learning, Lyapunov optimization, 
convex optimization, KKT condition, equilibrium analysis, and utility modeling. 
The purpose of this book is to fill in the book publishing gaps, especially in 
considering how game theory is applied to address incentive mechanism design 
problems for MCS. 

This book is of particular interest to the readers and researchers in the field of IoT 
research, especially in the inter-discipline of network economics and IoT, because 
this book brings a number of innovative game-theoretic technologies to summarize 
the incentive mechanism and how to use this a set of model frameworks to address 
the practical issues of data collection in MCS. 

The main benefits of reading this book include: (1) summarizing the game-
theoretic incentive mechanism model and practice of MCS; (2) understanding the
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vi Preface

importance and design principle of incentive mechanism for MCS; (3) drawing 
inspiration from the book’s specific data collection applications, which provide 
game-theoretic solutions for designing incentive mechanism in more practical MCS 
fields. 

The prerequisite for reading this book is a basic understanding of the mobile 
crowdsensing infrastructure, game theory, equilibrium analysis, and convex 
optimization. 

Beijing, China Youqi Li 
Fan Li 

Song Yang 
Chuan Zhang



Acknowledgments 

The authors of this book would like to acknowledge our editors for their help and 
guidance. All the supports, advice, and encouragement from peer experts, scholars, 
students, and team members at the Beijing Institute of Technology are remarkably 
meaningful and invaluable for the accomplishment of this book. The authors 
sincerely appreciate all the individuals and organizations who reinforce and raise 
the quality of this book. This book is partially supported by the National Natural 
Science Foundation of China under Grant No. 62102028, 62072040, 62172038, and 
62202051.

vii



Contents 

1 A Brief Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1.1 Overview of Mobile Crowdsensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1.2 Incentive Mechanism for Mobile Crowdsensing . . . . . . . . . . . . . . . . . . . . . . 3 
1.3 Book Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

2 Long-Term Incentive Mechanism for Mobile Crowdsensing . . . . . . . . . . . 9 
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2.1.1 Motivations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
2.1.2 Challenges. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
2.1.3 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
2.1.4 Related Work. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

2.2 Game Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
2.2.1 Task Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
2.2.2 Platform Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
2.2.3 User Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
2.2.4 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
2.2.5 Edge-Cloud Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

2.3 Detailed Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
2.3.1 Stage III: Online Worker Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
2.3.2 Stage II: Users’ Interests of Tasks Disclosure . . . . . . . . . . . . . . . . .  23 
2.3.3 Stage I: Online Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

2.4 Equilibrium Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
2.4.1 Strategy Performance in Stage III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
2.4.2 Strategy Performance in Stage II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
2.4.3 Strategy Performance in Stage I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

2.5 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
2.5.1 Evaluation for Stage III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
2.5.2 Evaluation for Stage II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
2.5.3 Evaluation for Stage I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
2.5.4 Evaluation on Trace. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34

ix



x Contents

2.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

3 Fair Incentive Mechanism for Mobile Crowdsensing . . . . . . . . . . . . . . . . . . . .  39 
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

3.1.1 Motivations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
3.1.2 Challenges. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
3.1.3 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
3.1.4 Related Work. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

3.2 Game Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
3.2.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
3.2.2 User Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
3.2.3 Platform Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
3.2.4 Fairness Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 
3.2.5 Privacy-Preserving Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
3.2.6 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

3.3 Detailed Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
3.3.1 Stage III: Platform’s Participant Recruitment Strategies. . . . . .  49 
3.3.2 Stage II: Users’ Interest Set Determination. . . . . . . . . . . . . . . . . . . .  57 
3.3.3 Stage I: Platform’s Reward Pricing Strategy . . . . . . . . . . . . . . . . . .  58 

3.4 Equilibrium Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
3.4.1 Strategy Performance in Stage III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
3.4.2 Strategy Performance in Stage II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
3.4.3 Strategy Performance in Stage I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

3.5 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
3.5.1 Benchmarks and Metrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
3.5.2 Evaluation Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

3.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 

4 Collaborative Incentive Mechanism for Mobile Crowdsensing . . . . . . . . .  71 
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 

4.1.1 Motivations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
4.1.2 Challenges and Our Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 
4.1.3 Related Work. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

4.2 Game Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
4.2.1 User. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
4.2.2 Platform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
4.2.3 App . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
4.2.4 Payoff Definition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
4.2.5 Three-Stage Decision Process. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 

4.3 Detailed Design with Equilibrium Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
4.3.1 Stage III: Tasks Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
4.3.2 Stage II: Incentive and Tagging Determination . . . . . . . . . . . . . . .  82 
4.3.3 Stage I: POI-Tagging Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85



Contents xi

4.4 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
4.4.1 Performance Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
4.4.2 Performance Evaluation for Platform . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
4.4.3 Performance Evaluation for Participation Rate and App . . . . .  89 

4.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 

5 Coopetition-Aware Incentive Mechanism for Mobile Crowdsensing. . .  95 
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 

5.1.1 Motivations and Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
5.1.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
5.1.3 Related Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 

5.2 Game Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
5.2.1 System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
5.2.2 Crowd Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
5.2.3 Platforms and Negative Externalities . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
5.2.4 Problem Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 

5.3 Detailed Design with Equilibrium Analysis: Competition 
Among Platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
5.3.1 User’s Decision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
5.3.2 Platforms’ Competitive Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

5.4 Detailed Design with Equilibrium Analysis: Cooperation 
Among Platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
5.4.1 Exact Bargaining. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
5.4.2 Heuristic Bargaining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
5.4.3 Many-To-Many Bargaining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 

5.5 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 
5.5.1 Simulation Settings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 
5.5.2 Simulation Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 

5.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122 

6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
6.1 Summary of the Book. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
6.2 Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128



Chapter 1 
A Brief Introduction 

Abstract In this chapter, we first introduce the background regarding Mobile 
Crowdsensing (MCS) and present an overview of MCS. Then, we specifically state 
the incentive mechanism design problem forMCS. Finally, we demonstrate the book 
structure for convenience. 

Keywords Mobile crowdsensing · Architecture · Incentive mechanism · Game 
theory 

1.1 Overview of Mobile Crowdsensing 

Recently, the proliferation and prevalence of mobile devices enable a new kind of 
sensing paradigm, mobile crowdsensing (MCS) [1, 2], which allows a platform 
to collect data from on-site users carrying mobile devices anywhere and anytime. 
Therefore, MCS has revolutionized the traditional sensing paradigm (e.g., Wireless 
Sensor Networks, WSN) in the Internet of Things (IoT), which enables a large 
number of successful crowdsensing applications that cover and affect people’s daily 
lives. 

Typically, the architecture of MCS is illustrated in Fig. 1.1 where an MCS system 
is made up of several requesters, a platform and a large number of mobile users. 
These three parties interact in the MCS system: 

• Requester: An entity that has sensing demand and generates sensing tasks over 
time. Note that we focus on a scenario where multiple requesters generate tasks; 

• User: A task actuator who has sensing and computing capability to perform tasks. 
There are multiple users working in the MCS system;1 

• Platform: An intermediate who collaborates the interaction between requesters 
and users (i.e., receives tasks from requesters and allocates them to users). 

1 As shown in Fig. 1.1, the user can be a vehicle with general-purpose sensors. 
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Fig. 1.1 Illustration of crowdsensing architecture 

Generally speaking, downstream applications like healthcare [3–5], smart trans-
portation [6–8], smart city [9–11], environmental monitoring [12, 13], accurate 
localization [14–16], social networking [17] are developed based on the data-
related services. These applications are usually time-sensitive and location-aware. 
To guarantee applications’ quality of service (QoS), real-time and location-aware 
sensing data should be collected. However, on the one hand, the service provider 
(i.e., requester) cannot perform the data collection individually. On the other hand, 
current mobile devices (e.g. smartphones, tablets, wearable equipment) grow ever-
increasingly. Moreover, mobile devices are commonly held by people anywhere 
and anytime and are increasingly embedded with various sensors (accelerometer, 
thermometer, gyroscope, GPS, microphone, and camera). If all kinds of “super 
sensors” together contribute to crowdsensing, it will be the unprecedented sensing 
network in the world. Realizing the potential of crowdsensing, a platform is giving 
rise to serve the requesters by harnessing the power of the crowd to collectively 
complete large-scale sensing tasks. Therefore, MCS streamlines data collection and 
enhances the value of easily-generated data from mobile users. 

From Fig. 1.1, we can observe that task allocation (or user selection), result 
aggregation (or quality management) and incentive mechanism are three main 
studied problems in this area. Among them, designing an effective incentive


