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A SURVEY ON DATA COLLECTION IN CROWDSENSING SYSTEMS

ABSTRACT

Crowdsensing is considered as a promising data collection model in which platforms outsource sensing tasks to a large number of users. In mobile 
crowdsensing(MCS), citizens participate in the sensing process, contributing data with their mobile devices, such as smartphones, tablets and wearable devices. First 
of all, we discuss the basic concept, system architecture and application of mobile crowdsensing. Then, combined with the development status of data collection 
mechanism of mobile crowdsensing at home and abroad, three types of data collection mechanism are introduced in detail, including data collection mechanism based 
on data quality, data collection mechanism based on node coverage and data collection mechanism based on compressed sensing.Finally, the article is summarized.
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1. INTRODUCTION:
In recent years, the use of smart phones has experienced rapid growth. According 
to Gartner (2016), more than 1.4 billion smartphones will be sold worldwide by 
2015. Statista (2018) estimates that the number of smartphone users will reach 
2.87 billion by 2020. Since the end of last century, mobile devices have been rap-
idly popularized and constantly updated in recent years. By 2020, with the rapid 
development of embedded technology, wireless sensor network and Internet of 
things technology, intelligent equipment has become a necessary item in peo-
ple's daily life. Many powerful sensors are embedded in these intelligent 
devices, including accelerometers, cameras, GPS and so on, which make these 
intelligent devices have strong sensing ability, and can sense, collect, record and 
process various types of data. With the development of mobile devices in com-
munication, computing, storage and multimodal sensing capabilities, the prolif-
eration of mobile devices has gradually spawned a new sensing paradigm, the 
so-called mobile crowdsensing (MCS) [1].

Mobile crowdsensing refers to the interactive and participatory sensing network 
formed by people's existing mobile devices, and the sensing tasks are released to 
individuals or groups to complete in the network, so as to help professionals or 
the public to collect data, analyze information and share knowledge. In the early 
days, these social sensing tasks could be completed by using wireless sensor net-
works [2]. However, because different types of sensing tasks need to deploy sen-
sors with different functions or even sensor networks with different architec-
tures, with the increase and change of social sensing tasks, the deployment and 
maintenance of static sensor networks will cost a lot of human and material costs 
[3]. MCS takes advantage of human intelligence, universality and mobility. In 
this regard, people have the right to contribute data perceived or generated from 
their mobile devices, so as to be able to effectively (in terms of cost and time) 
monitor large-scale phenomena that professionals cannot easily measure or 
require expensive investment (hardware and software) and greatly reduce the 
waste of human and material resources. The concept of mobile crowdsensing is 
to cooperate unconsciously, let users complete the sensing task without knowing 
it, and break through the barriers of professional participation. Compared with 
wireless sensor networks, mobile crowdsensing has many advantages, such as 
flexible deployment, multi-source heterogeneous sensing data, wide and uni-
form coverage, high scalability and so on.

2. MOBILE CROWDSENSING:
2.1. Overview of mobile crowdsensing:
Mobile crowdsensing takes the mobile devices of ordinary users as the basic sens-
ing unit, and carries out conscious or unconscious cooperation through the 
mobile Internet to realize the sensing task distribution and sensing data collec-
tion, and complete large-scale and complex social sensing tasks[4].

2.2. Architecture of mobile crowdsensing system:
Mobile crowdsensing is a new data acquisition mode combining crowdsourcing 
[5] idea and mobile device sensing ability, and is a manifestation of the Internet 
of things. A typical mobile crowdsensing architecture consists of three parts, 
including the mobile terminal composed of many sensing devices (such as smart 
phones), namely participants, the central server composed of many servers 
located in the cloud, and task publishers. As shown in Figure 1, the server in the 
cloud accepts the demand of a certain task from the task publisher, and assigns 
the sensing task to the mobile phone. After the mobile phone receives the sensing 
task, it perceives the required data, and then collects and returns the data to the 
server. The server processes the data and returns it to the task publisher. Through 
the whole process, the functions of data perception, data collection and informa-

tion service provision are realized. Crowdsensing is a distributed, mobile, grass-
roots and independent service mode. At the same time, mobile crowdsensing has 
benefits in many application areas such as environment sensing, traffic condi-
tions, and social services [6] [7].

2.3. Application of mobile crowdsensing application:
The application of mobile crowdsensing network is very extensive, and it has 
been applied in various fields, which can facilitate people's lives and also benefit 
the technological development of cities. The current crowdsensing applications 
can be roughly divided into: 

(1)  Driverless cars: Driverless cars have become more and more popular 
in recent years, and MCS can play an important role in this field. In fact, 
unmanned aerial vehicles (uav) and unmanned vehicles are equipped 
with different types of high-precision sensors, and often interact with 
mobile devices and users [8]. In [9], the author studied the energy-
saving joint path planning and task assignment problems of the fixed-
wing UAV-assisted MCS system. The corresponding joint optimization 
problem is developed into a two-stage matching problem. The first 
stage uses genetic algorithm to solve the path planning problem. In the 
second stage, the proposed Gale-Shapley algorithm solves the task 
assignment problem.

(2)  Intelligent transportation system: MCS can also support ITS to pro-
vide innovative services and improve the cost-effectiveness and effi-
ciency of transportation and traffic management systems [10]. It 
includes all applications related to traffic, vehicles, public transporta-
tion and road conditions. In [11], the author proposed a system that can 
predict the arrival time of a bus and rely on the participation and sensing 
of bus passengers. This model is only based on the collaborative efforts 
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Figure 1: Typical architecture of mobile crowdsensing
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of participants and uses base station signals to locate users and prevent 
users from consuming batteries. In addition, it uses an accelerometer 
and microphone to detect when the user is on the bus. Nericell is a sys-
tem for monitoring road and traffic conditions. It uses different sensors 
for rich sensing, detecting potholes, bumps, brakes and horns [12]. It 
uses the weight-bearing mechanism on the user's smartphone to con-
duct experiments on the roads of Bangalore.

(3)  Environmental detection: Environmental perception is the basis for 
the sustainable development of urban space and improving the quality 
of life of residents. It aims to monitor the use of resources, the status quo 
of infrastructure and urban phenomena are well-known issues affecting 
citizens' daily lives. The author of the literature [13] proposed a plat-
form to realize the environmental monitoring tasks of smart cities with 
fine-grained granularity, focusing on data heterogeneity. At present, air 
pollution is an important issue. Connecting sensors that use human 
mobility to monitor air quality to their devices may be a win-win solu-
tion with higher accuracy than fixed sensor networks. In [14], the 
author uses flash and smartphone cameras as light sources and recep-
tors. In cooperation with a dedicated sensor, their goal is to measure the 
amount of dust in the air. Literature [15] In an indoor environment, 
users can use WiFi positioning to mark specific types of noise and loca-
tions, thereby creating a map of urban noise pollution.

3. DATA COLLECTION MECHANISM IN MOBILE CROWDSENSING 
NETWORK:

3.1. Data collection mechanism based on data quality:
Maintaining data quality in crowdsensing is an important and challenging prob-
lem. Due to the inherent open nature of the MCS application, inaccurate data pro-
vision may occur unintentionally and/or intentionally. In addition to noise and 
outdated data, malfunctions, low-quality wireless media, low-tech contribution 
users, selfish and/or malicious users deliberately providing low-quality and/or 
forged data should be considered.

The quality of the collected data in the MCS system depends on user contribu-
tions, which may be intentionally or unintentionally inaccurate. Unintentional 
inaccurate data configuration or low-quality data may be a wrong result, low-
quality wireless connection, low resource level of mobile devices, limited sen-
sors, few qualified workers, environmental uncertainty and outdated data 
Upload platform, which will lead to low quality of collected data. For example, 
when collecting sensor readings, workers may inadvertently place mobile 
devices in inappropriate locations, thereby reducing the quality of submitted 
data [16,17]. In addition, the limited availability of energy resources may result 
in the activation of different sensors to generate data for the same purpose, 
despite the lower quality of the data, and a lower level of energy consumption 
[18].

In crowdsensing, selecting appropriate participants to perform the required tasks 
at the minimum cost, while ensuring the maximum coverage and high perceptual 
quality is a complex problem in [19]. Although the data perceived by a small num-
ber of users is believed to lead to very inaccurate results, applying multiple per-
ception processes to the same task makes the obtained data more effective. How-
ever, an increase in the number of participants does not necessarily mean that the 
overall quality of results will be improved. Therefore, predictive models have 
been proposed in many documents to estimate the number of personnel required 
for specific task assignments to achieve the required accuracy. In addition, the 
quality of the data may be affected by users who are not familiar with the target 
area, or require special effort because they do not know how to perform the task 
[20]. Literature [21] In order to improve the efficiency of data collection, it 
prompts participants to collect data at the location where the data has not been 
collected by displaying the location of the collected data on the map. This 
method can not only avoid the low-quality redundancy of the participant's col-
lection Data can be checked for omissions.

Deliberately providing inaccurate information refers to situations where selfish 
and/or malicious entities deliberately provide low-quality and/or wrong infor-
mation. The selfish party may provide low-quality data (for example, non-fresh 
or random sensor readings) in order to minimize the cost of their energy and 
resources, or maximize their utility, while being entitled to task execution Desig-
nated rewards. For example, in real-time traffic monitoring, selfish users can 
report false traffic jam warnings to prevent traffic on their own routes [22]. On 
the other hand, malicious parties try to destroy the extracted information and the 
usefulness of the MCS application, falsifying the provided data. For example, 
malicious participants can spoof GPS location [23] and start to provide fake loca-
tion data. The presence of selfish and malicious users can lead to low-quality con-
tributions that need to be identified and eliminated. Therefore, a mechanism to 
effectively verify and ensure the integrity of the collected data is necessary. As a 
simple first solution, the location verification mechanism can be enforced. For 
example, current solutions recommend checking whether the user is close to 
where they are shown in the answer.

3.2. Data collection mechanism based on node coverage:
Since traditional wireless sensor networks mainly include static sensors or 
mobile sensors with controlled motion trajectories, although static nodes can col-

lect data in real time, the sensing range is fixed. At this stage, researchers only 
pay attention to the hardware system or algorithm design, but do not consider the 
coverage problem. However, the coverage quality is a key factor that affects the 
pros and cons of MCS applications. According to the mobile characteristics of 
nodes, the coverage can usually be divided into two types: random mobile sensor 
network coverage and controlled mobile sensor network coverage.

The coverage of random mobile sensor networks is mainly focused on target 
detection applications, that is, the continuous random movement of nodes to 
increase the coverage of the network so that each point in the monitoring area can 
be covered within a specific time delay. Literature [24] studies the performance 
of target detection in hybrid sensor networks, which includes fixed deployment 
sensor nodes and mobile sensor nodes.

The coverage of the controlled mobile sensor network is mainly for the monitor-
ing of a limited number of discrete points of interest in the monitoring area, 
which can be regarded as point coverage. By controlling the moving speed and 
moving path of the sensor nodes, each point of interest is monitored within a spe-
cific time delay. Covered to. Literature [25] focuses on event detection applica-
tions, assuming that there are multiple discrete points of interest in the monitor-
ing area, and random events occur at each point of interest with a certain proba-
bility and last for a period of time. This document defines the coverage quality as 
the probability that the event is not detected, and analyzes the relationship 
between the coverage quality and the node's moving speed, moving path, and the 
number of nodes. Literature [26] studied the saccade coverage (problem, that is, 
given a set of interest points and the time delay limit for each interest point to be 
covered, how to plan the moving path of each mobile node so as to use the least 
number of mobile nodes to satisfy each Coverage requirements for points of 
interest.

3.3. Data collection mechanism based on compressed sensing:
Compressed sensing [27], also known as compressed sampling or sparse sam-
pling, is a technique for signal sampling. It uses some means to achieve "com-
pressed sampling", which is exactly the process of data compression during the 
sampling process. This method takes advantage of the sparseness of the signal. 
Compared with the Nyquist theory, this method can restore the entire desired sig-
nal from fewer measured values. The data collection mechanism based on com-
pressed sensing is often used in real-world applications of group intelligence per-
ception. In the actual application of mobile crowdsensing technology for data col-
lection, due to the limitations of objective conditions, there will be a small num-
ber of users participating in the perception. Compressed sensing (CS) algorithms 
are commonly used at this time. Only select cells in a small area for physical data 
sensing, and at the same time infer the data in the rest of the target area, and then 
restore all the data.

Assuming that the data collected by the sensing node is denoted as X, the data 
size is denoted as N, and the basis vector is denoted by Ψ = [Ψ1, Ψ2, Ψ3 ... ΨN], the 
coefficient transformation of the data is performed according to the following for-
mula :

X=Ψs                   (1)

As shown in Equation (1), the data X and s collected by the sensing node are 
equivalent representations of the signal, where s is the sparse coefficient, which 
is the representation in the basis vector.

Design a M×N (M<<N)-dimensional measurement matrix to observe the signal 
change, and obtain the M×1 dimensional observation result, denoted as Y, then Y 
can be expressed as equation (2):

Y=ΦX                     (2)

In order to accurately reconstruct the coefficients in the relationship from the 
observations, and must meet the routing information protocol (RIP) conditions. 
In theory, RIP can guarantee that M measured values Y can reconstruct a k sparse 
signal X of length N, so choose a suitable algorithm to reconstruct X:

X=min|(|X|)|;   s.t.  ||ΦX-Y||2 ≤ δ                                                  (3)

When                         , the K sparse signal X can be reconstructed accu-
rately.

In the past, selecting a small number of users to perceive people in crowdsensing 
would be considered as inaccurate as the result of data collection. However, a 
good compressed sensing bridge can solve this problem and at the same time 
solve the data redundancy caused by human uncontrollable mobility. Yu and the 
problem of poor data quality. Literature [28] uses mobile devices to collect 
human activity information, and successfully reduces the energy consumption of 
mobile devices based on CS technology. Literature [29] applies the CS algorithm 
to the urban road traffic monitoring system, and the designed method restores the 
high-precision urban traffic conditions without collecting most of the data.

4. SUMMARY:
At present, certain progress has been made in the research on the incentive mech-
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anism of mobile crowdsensing. In the future, the research on the data collection 
mechanism of mobile crowdsensing, we can also conduct various researches 
from the aspects of privacy and security. There are few researches on existing 
data collection that threaten users' privacy (location information, etc.) exposure, 
especially for location-sensitive mobile cluster intelligence applications, 
research on how to reduce privacy risks caused by location information leakage 
is crucial important.
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