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Abstract With the rapid development of mobile crowd sensing devices and mobile crowd sensing
technologies, in recent years mobile crowd sensing has become one of the important modes to
collect the data in urban areas. Different with the traditional static sensing methods, mobile crowd
sensing leverages mobile devices, such as mobile phones, wearable devices and so on, to collect
data in urban areas. Participant recruitment. i. e. , recruiting participants to collect urban data,is of
great importance to collecting high—quality data and thus plays an essential role in mobile crowd
sensing. Given its importance, participant recruitment has achieved extensive attention,and a large
number of related studies have been conducted. However, most of the existing research focuses on
the static participant recruitment, rather than the dynamic participant recruitment. In contrast to the
static participant recruitment, the dynamic participant recruitment can dynamically adjust its
recruitment strategy,based on the real-time status in the system,e. g. , the data already collected,
the budget left. As a result,the dynamic participant recruitment can be much more flexible than the
static participant recruitment and is more likely to collect higher—quality data. To this end, in this
paper we study the dynamic participant recruitment problem in mobile crowd sensing. However,

dynamic participant recruitment is more challenging than static participant recruitment, too. In

Wk F I 2020-02-19; 7248 KA1 HYY - 2021-01-11. AR BRAER 2 & 5 E W 223Kl (No. 2019YFB2101802) %8By . 22 4k 1k, J2 24
S8 AT M S T SR AL AL A 4% . E-mail: shenggongji@163. com. #8  FGEAE/ES ), i+, #d% , h EITFE LA S (CCF) 2 1L IEEE
Fellow. EZHF 58408 A TR GE IR . E-mail: msyuzheng@outlook. com. FIBIE . i+, FEHF 53408 0 2 I EHE Al G A2
I ZEREGRIFMEE L B2, P EFELA S (CCP) & 5 FEB A0 N TR fE KBS . E-mail: tli@swijtu. edu. cn.



104 ZEEHE . FET AT R SRS S BRI S A H P RS s 1999

detail, in dynamic participant recruitment we need to consider and fuse more factors, for example
the budget left, the data already collected, the data that a participant can collect, and the potential
participants in the future. To deal with this challenge,in this paper we design a novel look—ahead
search and voting—based dynamic participant recruitment method for mobile crowd sensing.
Specifically, the proposed method consists of two main components. In the first component, we
propose a look—ahead search method to model the potential participants in the future, which are
unknown and should be estimated. In the second component, we mathematically formulate the
dynamic participant recruitment problem as a combinatorial optimization problem and then we
propose a heuristic hill climbing—based voting method to solve the combinatorial optimization
problem. With these two components, the proposed method can well fuse the multiple related
factors and can make better participant recruitment decisions. In addition, we provide a new
hierarchical entropy—based data balance indicator to better measure the quality of the collected
urban data. Existing data balance indicators see each grid in a city equally important which
however in many scenarios is not reasonable, and existing data balance indicators cannot adapt to
the complex situations in urban areas.either. Our proposed hierarchical entropy—based data balance
indicator can well handle these problems. Extensive experiments using check-in data from real—
world Foursquare users demonstrate that comparing with existing methods, our method can
significantly improve the balance degree of the collected data. Specifically , compared with the best
baseline method. our method can reduce 13.33% (for dataset 1) and 19.64% (for dataset 2) of
the hierarchical coefficient of variation. can improve 4.65% (for dataset 1) and 11.82% (for
dataset 2) of the hierarchical coverage,and can reduce 13.08% (for dataset 1) and 23.10% (for

dataset 2) of the average minimum distance.

Keywords mobile crowd sensing; dynamic participant recruitment; look—ahead search; hill

climbing;data balance indicator
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Advance in mobile sensing technologies and devices is
making mobile crowd sensing one of important modes to collect
urban big data. Mobile crowd sensing has been widely used to
collect many types of urban data, such as noise, traffic flow, air
quality s temperature, and so on. Participant recruitment plays an
essential role in mobile crowd sensing, which aims to recruit
proper participants so as to collect urban data with the higher

quality.
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Although there have already been a number of works on
participant recruitment, most of them focus on static participant
recruitment, instead of dynamic participant recruitment. Static
participant recruitment methods recruit participants before the
data collection, while dynamic participant recruitment methods
recruit participants during the data collection. Specifically,
dynamic participant recruitment real time recruits coming
participants according to the data already collected, the budget
left, the data that the coming participants can collect, and the

potential participants in the future. Obviously, comparing with



104 ZEEHE . FET AT R SRS S BRI S A H P RS s 2015

the static participant recruitment, the dynamic participant
recruitment is more challenging and is more effective,too.

Data quality indicators are of great importance to mobile
crowd sensings since collecting high—quality data is the core.
Among different data quality indicators, data balance is an
effective one to measure the urban data quality. However,
existing data balance indicators cannot work well in complex
urban scenarios. Thus. to provide a new data balance indicator
is necessary.

To deal with the above two issues; in this paper, we firstly
propose a novel and effective dynamic participant recruitment
method. Through the look—ahead search and voting strategy,
the proposed recruitment method can well combine the four

factors into the real-time recruitment of each coming

participant. Specifically, we use the look-ahead search to
estimate the participants in the future. Then, we propose to
optimize the recruitment decisions for both the current
participant and the estimated future participants. Next, we
provide a hill-climbing algorithm to solve the mathematical
optimization problem. Finally, we can get the recruitment
decision for the current participant using the voting strategy.
Secondly, we propose a new data balance indicator to
measure the quality of the collected urban data. The proposed
indicator leverages the hierarchical entropy to measure the urban
data quality, which can better indicate the true balance of the data
collected. Thus, our data balance indicator can better guide the
dynamic recruitment of the participants. Besides, the proposed

indicator can better adapt to the complex scenarios in a city.



