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Abstract  Sparse Mobile Crowdsensing (Sparse MCS) selects a small part of sub-areas for data
collection and infers the data of other sub-areas from the collected data. Compared with Mobile
Crowdsensing (MCS) that does not use data inference methods, Sparse MCS saves sensing costs
while ensuring the quality of global data. However, the existing research works on Sparse MCS
only focus on selecting a small part of sub-areas with higher value. It does not consider whether

the recruited participants can collect the data of the required sub-areas, and also ignores the value
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of other data collected by the participants. In order to solve the limitations of traditional methods in
sub-areas selection, this paper starts from the perspective of participants and concentrates on the
contribution of the data collected by each participant to the entire collection task. All the data
contributions collected by each participant will become the basis for decision-making for the
participant’s choice. And correspondingly, a new idea to deal with the problem of participant
selection under Sparse MCS is proposed. In view of the fact that each person’s daily movement
trajectory is basically stable, and the data collected by different people on their respective
trajectories have different values, this paper uses this regularity and difference to study how to
directly recruit participants who can collect high-value data. Furthermore, the participant
selection problem considered in this paper is not limited to the data collection in the next cycle,
but directly recruits some participants to continue the data collection task in the next multiple
cycles. The participant selection problem that spans multiple cycles can be modeled as a dynamic
decision-making problem. Since heuristic strategies may fall into a local optimal solution, this
paper uses reinforcement learning to solve the participant selection problem: We use the participant
selection system as an agent of reinforcement learning, and design the state, action and reward of
the reinforcement learning model in detail. Factors such as historical selection participant status,
sub-areas data collection status and date are considered in the state. The user number is regarded
as an action in reinforcement learning, and the reward is reflected by the final data inference
error, In order to avoid the problem of excessive number of actions, this paper sets the action to
select only one participant at a time until the maximum number of participants is reached, instead
of selecting a group of participants at a time. This paper will discuss in detail the difference
between the two action modes. To deal with the explosion of the number of state spaces, we use
deep reinforcement learning algorithm Deep Q Network (DQN) to train the Q-function, aiming to
give the best choice for judging which participants to recruit in a specific state. This framework
was verified on a real data set of air quality in Beijing for two months and the movement
trajectories of more than one hundred users. Compared with several baseline policies, our proposed
participant recruitment strategy can achieve higher data estimation accuracy under a limited
number of users.

Keywords crowdsensing; user recruitment; compressive sensing; particle swarm optimization;
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Background

More and more mobile portable devices equipped with
various sensors can easily collect the noise, temperature, air
pressure, air quality and other data around the users. This
allows us to rely on Mobile Crowd Sensing (MCS) schema to
collect data. Sparse MCS is later proposed to handle the par-
adox of data quality and sensing cost. It only needs to collect
data from a small number of sub-areas to infer the data of the
remaining sub-areas, which greatly reduces the number of
sensing tasks that need to be performed.

However, existing work in Sparse MCS failed to direct-
ly determine the users (i. e. . participants) that need to be
recruited, which causes the cost measured by the number of
users to not minimize necessarily. In this work, we tend to
{ill this gap by directly selecting users who are most helpful
for data inference. This is an emerging and important topic in
the current field of Sparse MCS. We use the number of users
as a constraint, the purpose is to obtain the maximum infor-

mation under the condition of recruiting the same number of

users, so that the error of inferring the global data is mini-
mized. In order to further save costs, we put forward the
concept of cross-cycle, that is, recruited users to collect mul-
tiple cycles of data. In this case, we need to understand each
user’s trajectory and the value of sub-areas covered by the
trajectory. We model the problem with reinforcement learn-
ing, and use it to make decisions about which users need to
be recruited. The experiment results show that our method
can effectively recruit users who are helpful to improve the
accuracy of data inference, and can obtain greater accuracy of
data inference compared with the baselines.
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