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User Recruitment with General Utility and Cost for Cooperative
Mobile CrowdSensing

LIU Wen-Bin YANG Yong-Jian WANG En

(College of Computer Science and Technology , Jilin University, Changchun 130012)

Abstract  Mobile CrowdSensing (MCS) is a powerful sensing paradigm, which recruits a crowd
of users within a limited budget to cooperatively perform sensing tasks. The existing works usually
recruit users based on their submodular utility and linear cost functions, e. g. , the users’ proba-
bilistic coverage of tasks and total consumed costs. However, we argue that these works do not
consider the cooperative willingness of users, which may lead to non-submodular utility and cost.
For example, if a user is unwilling to cooperate with strangers, he may refuse to perform some
sensitive tasks and/or ask for a higher payment due to the privacy concern. In this paper, we
study the user recruitment problem with general utility and cost for cooperative MCS. To deal
with the non-submodular utility and cost, we present a generalized online greedy algorithm to
select users from a determined user pool, which achieves an approximation ratio by introducing

submodularity ratio and curvature. Taking online recruiting into further consideration, we propose
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a segmented online strategy., which first divides the user sequence into segments and then recruits

them with a theoretical performance approximation. Extensive evaluations have been conducted

over four real-world datasets, which verify the effectiveness of the proposals.
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Estimate m’ and & [rom historical data U, according to
the time T and the periodicity; {If 2 =0, return the
first u; » where ¢(w;)<<B}

Initialize I=|m"/k’|, L, =|l/e] . and n=ua;

WHILE U# J and B>0 DO
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Wait until the next user u; participate in MCS;
IF i>m’ and ¢(xUu,)<<B THEN
ppUus
END IF
IF i=|i/l]+i{+1 THEN
€, =€, =0
END IF
Calculate 6, = Vf(usw;) 28, = Vf Qusui ) / Ve Cusui) 5
e=0, 3
IF i<|i/l]+i+1, THEN
IF 6, >e,, THEN
€, =0, and e, =d, ;
ELSE IF 3, =¢, THEN
e, =max{e, 10, )
END IF
ELSE IF i>|i/l|+l+1, THEN
IF &, Zsui and 5,,[25“( and ¢(pu>u;)<<B THEN
p<pUuw ; {Break at Alg. 3}
Skip to i<<|i/l]+1+1;
END IF
END IF
END WHILE
ik 3. s Bokng.
WA U={w suy s yu, ) »S,B.U,, T
i - e
Initialize ;= U =U,S'=S,B'=B,T'=T;
WHILE U# & and B'>0 DO
//:Segmenz‘,ed(U/ ,S'\B .U, . T
ppUp's
Update U’,S",B", T’;
END WHILE
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Background

With the explosive popularity of portable smart devices
and the rapid development of wireless networks and commu-
nication technologies, Mobile CrowdSensing (MCS) has recently
become an interesting topic to the research community, one
that has received much attention from practitioners, scholars,
and the general public. In general, MCS allows us to recruit
a crowd of users within a limited budget to cooperatively
perform various sensing tasks, such as environmental moni-
toring, traffic flow measuring, and target tracking, by using
their carried mobile devices equipped with powerful sensors.
Compared to the traditional fixed-deployment wireless sensor
networks, MCS not only greatly improves the ability of sensing,
but also pushes the boundaries of scalability, cost, coverage,
and usability.

Benefiting from these above advantages, a number of
MCS-based applications have emerged in recent years. For
example, a map application utilizes MCS to collect the smart-
phones” acceleration data to identify map semantics such as
bridge and tunnel; a navigation application senses the real-
time traffic information according to the GPS signals collected
by MCS; a noise monitoring system utilizes MCS to conduct
a fine-grained noise map by using the microphones of smart-
phones. Moreover, MCS can also make use of the informa-

tion fed back actively by users, such as the number of queu-

. W RSO R AR R B P
N e E LB R TAERRAE FSOH g () WA TR G P
P U B P Al B 2058 147, AT MY 43 BLAE
2R SRl — 2 DL P AR USRI SR R P R A U
It B SR U A e 8 el R A 3 | e | AR B 1,07
B EC g | D g | o ey | =k B f i) =g (). H I
dianI M7 e 1L IRATE

2(1—e 1) 1
E[f<lu/>jzaf(l7(’ f(#k)>af(l )g(#g)
301 1 _ —ay
Z01/(1 e 1)(1 e /)f(/l) (28)
4
PRI 5 B 2 ST ik e,

YANG Yong-Jian, Ph.D.. professor. His research
interest is wireless sensor networks.
WANG En, Ph.D., professor. His research interests

include mobile crowdsensing and mobile computing.

ing in restaurants, the number of free parking spaces, the
location of shops in shopping malls, etc.

Predictably, MCS can provide great convenience for the
masses, while it would provide great services if and only if
there are sufficient users and the users perform their sensing
tasks. Obviously, user selection is the foundation of MCS
and there has been so much research on it. The existing
works usually recruit users based on their submodular utility
and linear cost functions, e. g. , the users’ probabilistic coverage
of tasks and total consumed costs. However, we argue that
these works do not consider the cooperative willingness of
users, which may lead to non-submodular utility and cost. In
this paper, we study the user recruitment problem with
general utility and cost, and propose both the offline and
online user recruitment strategies.
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