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Abstract Nowadays, the number of smartphone users is growing rapidly. Recent smartphones equipped

with several sensors are convenient tools for collecting information in participatory sensing environment. How-

ever, contributing sensing data require time and monetary cost which hinder may people from participation.

To realize active and efficient sensing activities, incentive mechanism is indispensable. This paper proposes

SenseUtil, utility-based incentive for participatory sensing. SenseUtil applies the concept of micro economics,

where demand and supply decide the value of sensed data. The incentive dynamically changes along the time

according to several factors such as sensing frequency, nearby sensing points and user preference. To validate

the benefit of SenseUtil, we conducted simulation study. The results show that people actively participate in

sensing tasks while keeping additional cost under 3% in comparison with non-incentive scenarios.
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1. Introduction

The number of smartphone users is growing rapidly

[1]. It has been reported that the smartphone pen-

etration in five leading European markets (France,

Germany, Italy, Spain and the United Kingdom) is

54.6% of mobile phone users by the end of Octo-

ber 2012 [2]. In addition to cellular communication

standards (2G/3G/4G), smartphones support several

communication technologies including WiFi 802.11

a/b/g/n, Bluetooth and NFC. It also comes with high-

performance processor and various kinds of sensor such

as accelerometer, gyroscope, magnetometer, compass,

GPS, barometer, microphone, ambient light, camera

and so on. These features of current smartphones are

useful for many apps.

Recently, participatory sensing using such smart-

phones has been received much attention from re-

searchers [3, 4]. Smartphone sensing platforms,

context-aware apps and several energy-efficient tech-
niques have been proposed. However, many smart-

phone users do not participate in sensing activities be-

cause it takes time and monetary cost. Thus incentive

is indispensable to realize active participatory sensing

by urging people to report sensed data [5, 6].

This paper proposes SenseUtil, a utility-based in-

centive framework for participatory sensing. In this

model, consumers who need data pay reward to pro-

ducers who carry out sensing tasks and report the

data. SenseUtil applies the concept of micro eco-

nomics, where demand and supply decide the value

of sensed data. The demand and supply depend on

many factors including location, data types and user

preference, and they also change along the time dy-

namically. In particular, SenseUtil measures the value

of sensing activities by defining utility functions which

are used to calculate economical reward. The purposes

of SenseUtil are to maximize sensing activities while

maintaining reasonable sensing cost. To validate the

benefit of SenseUtil, we conducted simulation study.

The results show that people actively participate in
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Figure 1: Interactions of a consumer, a server and

a producer.

sensing tasks while keeping additional cost under 3%

in comparison with non-incentive scenarios.

This paper is organized as follows. Section 2 de-

scribes SenseUtil framework. Section 3 evaluates the

benefit of SenseUtil through simulation study. Related

work is discussed in Section 4, and we conclude our

study in Section 5.

2. SenseUtil Framework

SenseUtil consists of three main players: consumers,

producers and a server. A consumer would like to have

data being sensed at a remote area, while a producer is

willing to carry out such sensing tasks. A person can

serve as both the consumer and producer. A central

server is responsible to manage interactions between

consumers and producers. Interactions of three players

are summarized in Fig. 1 and the details of SenseUtil

are described in this section.

2.1. Consumers

A Consumer defines a Point of Interest (POI) where

data should be sensed. In addition to location informa-

tion, POI also includes starting time, expiry time and

data type (i.e., which kind of data need to be sensed).

The consumer sends POI information to the server on

demand. When receiving corresponding data, the con-

sumer pays reward determined by the utility functions

(see Section 2.4).

2.2. A Server

A server is a middleman between consumers and pro-

ducers (Fig. 1). It maintains POIs’ information or the

sensing tasks requested by consumers and updates cor-
responding reward of each POI periodically or on de-

mand. The producers acquire detailed information of

sensing tasks by exploiting pull and/or push services.

By adopting the pull or on-demand services, the

server dispatches POI information upon receiving a re-

quest from a consumer. On the other hand, the push

service provides two methods for dispatching the in-

formation to producers, i.e., instant and periodic push.

First, the server dispatches the POI information im-

mediately upon receiving new POI information from a

consumer. Second, the server pushes the information

to producers periodically.

The server is also responsible to collect sensing data

from producers and forward the data to consumers.

In addition, the process of collecting payment and re-

warding are handled by the server.

2.3. Producers

As described above, a producer receives the informa-

tion of sensing tasks including current reward from the

server through pull and/or push services. The pro-

ducer can also determines her preferences including

area of interest (e.g., a limited area based on current

position or any specific area), maximum number of

tasks, minimum reward, frequency of push-based no-

tification, and so on.

The behavior of a producer depends on current po-

sition and reward of sensing task. A producer k will

carry out a sensing task if all the following conditions

satisfy: (1) her position is not far from a POI, i.e., the

distance between the producer and the POI is shorter

than or equal to Dk

th
, (2) the reward is higher than

a threshold Uk

th
, and (3) the time elapsed from last

sensing at the same POI is longer than T k

th
. The un-

derlying reason of the third condition is to avoid too

frequent sensing at the same POI.

If the above conditions satisfy, the producer changes

the route by moving towards the POI, carries out the

sensing task and moves towards the original destina-

tion. By default, the producer uses the maximum

speed in order to minimize moving time. However,

the producer may move with the current speed if she

is not in a hurry. After the task has been done, the

producer receives reward via the server.
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Table 1: Simulation parameters.

Simulation area (m) 500 × 500

Sensing area %80 of simulation area

Number of POIs 10

Number of producers 10

Minimum speed (m/s2) 3

Maximum speed (m/s2) 7

Maximum pause time (s) 9

Simulation duration (s) 1,000

Dk

th
(m) 24

Uk

th
13

T k

th
(s) 10

Umin 10

Umax 50

a 1

2.4. Utility Function

This section introduces utility function which is used

to calculate the value of sensing data at a given time.

The consumers have to pay reward according to the

utility functions.

Basically, utility is set to the minimum value (Umin)

and increases along the time until reaching the max-

imum value (Umax). Equation 1 defines the utility of

POI i (i.e., Pi) at time t.

U(Pi, t) = max (Umin,min (Umax, a(t− ti))) , (1)

where ti is the latest sensing time at Pi and is initial-

ized to the starting time of Pi. While sensing task is

not done, the utility increases along the time due to

higher demand of consumers. A coefficient a, which is

determined by the consumer, determines how fast the

utility increases. The consumer also decides Umin and

Umax because the value of data sensed at each POI

may be unequal.

When a sensing task has been done, the utility is

reset to the minimum value and starts to increase

again. The underlying reason of Eq. 1 is straightfor-

ward. Consumers would like to urge producers to carry

out sensing tasks but they would like to avoid too fre-

quent sensing which is not likely to give meaningful

information for most of applications.

Note that the producers can use the same equation

(Eq. 1) to calculate utility but they may have incorrect

value of utility because they do not know when other

producers carry out the sensing tasks. Thus an update

from the server (pull or push services) is necessary.

3. Performance Evaluation

We conducted simulations for evaluation purpose. The

simulation program is written in Java.

3.1. Simulation Setup

Mobile users or producers move according to the ran-

dom waypoint model [7]. Each mobile user is ini-

tially placed at a random position within the simu-

lation area. As the simulation progresses, each mobile

user pauses at its current location for a random pe-

riod, which we call the pause time, and then randomly

chooses a new location to move to and a velocity be-

tween the minimum and maximum speeds at which to
move there. The pause time is randomly chosen be-

tween zero and maximum pause time. Each mobile

user continues this behavior, alternately pausing and

moving to a new location, for the duration of the sim-

ulation.

Simulation area is a 2D square. Each consumer picks

random POIs within a sensing area which is a subset

of the simulation area. The center of both sensing and

simulation areas are the same. The sensing area is de-

fined as a percentage of the simulation area. All POIs

last from the beginning until the end of simulations.

The parameters of simulation including the random

waypoint model and utility function are summarized

in Table 1. We run simulation 10 times with different

patterns of node movement and location of POIs.

3.2. Simulation Scenarios

We consider the following scenarios in our simulation.

• Non-incentive scenario. Incentive is not avail-

able in this scenario. Thus each node moves ac-

cording to the mobility model and carry out sens-

ing tasks if they happen to pass through a POI.

• Incentive-aware scenario. The utility model

is applied in this scenario. The server announces

POIs and corresponding rewards at the beginning

of the simulations.
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Figure 2: Percentage of decreased reward per sens-

ing.
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Figure 3: Percentage of increased distance.

3.3. Evaluation Metrics

We use the following metrics to study the benefits of

SenseUtil.

• Number of sensings. We count the number of

sensing tasks done by all producers. In case of

non-utility scenario, a sensing task is supposed to

be done if a producer stays within one meter from

a POI. The number of sensings is a straightfor-

ward metric to evaluate the benefit of incentive.

• Paid reward per sensing. Sensing frequency

can be inferred from paid reward because the re-

ward increases along the time from previous sens-

ing. In particular, lower reward means frequent

update of sensing data. We calculate percentage

of decreased reward when applying incentive as

follows.

%Decrease =
Unone − Uincentive

Unone

× 100, (2)

where Unone and Uincentive are average reward per

sensing in non-incentive and incentive-aware sce-

narios, respectively.

• Traveled distance. There is a cost to do sens-

ing tasks because producers have to change their

routes and take time to visit POIs. Thus we com-

pare traveled distance between non-utility and

utility-aware scenarios. We calculate percentage

of increased distance when applying incentive as

follows.

%Increase =
Dincentive −Dnone

Dnone

× 100, (3)

where Dnone and Dincentive are average traveled

distance per node in non-incentive and incentive-

aware scenarios, respectively.

3.4. Simulation Results

The simulation results of 10 runs including the total

number of sensings, average reward per sensing and

total traveled distance per node are summarized in Ta-

ble 2. The results of both non-incentive and incentive-

aware scenarios are shown in the columns “None” and

“Incentive”, respectively. The last row of the table is

average values of 10 simulations.
It is explicit from the total number of sensings that

incentive urges people to carry out sensing tasks. The

total number of sensings explicitly validates the ben-

efit of introducing incentive in participatory sensing.

Without incentive, people rarely pass through POIs.

The percentage of decreased reward per sensing

when applying incentive (Eq. 2) is shown in Figure 2.

We found that the average reward per sensing de-

creases approximately 22% when applying the incen-

tive model. It means sensing interval is shorter and

sensing data of each POI are updated more frequent.

Also the consumers pay less for each sensing task.

The percentage of increased distance per node when

applying incentive (Eq. 3) is shown in Figure 3. The

results show that the distance increases merely 2.3%,

i.e., the producers do not need to move much farther

than their original routes. In other words, it takes

a moment to visit POI before going back to original

routes.

We conclude that incentive is a good motivation to

increase the frequency of sensing. Producers get re-

wards for their jobs, while consumers pay less for each

sensing activity.
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Table 2: Simulation results.

Number of sensings Reward per sensing Traveled distance per node (m)

Scenario# None Incentive None Incentive %Decrease None Incentive %Increase

#1 1 170 50 32 36% 4,562 4,665 2.3%

#2 2 109 50 41 18% 4,523 4,627 2.3%

#3 2 132 38 37 1% 4,769 4,887 2.5%

#4 2 93 50 40 21% 4,476 4,588 2.5%

#5 1 150 50 36 29% 4,594 4,735 3.1%

#6 3 121 47 37 20% 4,799 4,896 2.0%

#7 3 105 50 38 24% 4,701 4,788 1.9%

#8 4 112 50 40 21% 4,584 4,684 2.2%

#9 1 100 50 39 21% 4,586 4,673 1.9%

#10 2 130 50 36 27% 4,788 4.895 2.2%

Average 2 122 48 38 22% 4,638 4,744 2.3%

4. Related Work

Participatory sensing using mobile phones is an ac-

tive and growing research area with a number of open

issues and challenges [3]. Several smartphone sens-

ing platforms, context-aware apps and energy-efficient

techniques, which are the complement of SenseUtil,

have been proposed [8, 4, 9]. Askus [8] is a mobile so-

cial platform which allows users to send a request to

a group of potential people in a remote area to do a

task. Similar to Askus, existing sensing platforms are

voluntary systems, i.e., sensing data are contribution

from cooperative users.

To realize active and efficient sensing activities, in-

centive mechanism has been introduced recently. Most

of previous works apply auction algorithms to decide

the value of data [5, 6, 10, 11]. Similar to previ-

ous works, SenseUtil’s consumers can determine their

bids. In addition, the bid price of SenseUtil dynam-

ically changes according to nearby POIs and sensing

frequency.

5. Conclusion

To urge people participate in sensing activities, we

have proposed SenseUtil, a utility-based incentive

mechanism for mobile phone sensing. SenseUtil in-

troduces a utility function which is used to calculate

the value of sensing data. When producers finish sens-

ing tasks, they get rewards from consumers according

to the utility function. A salient feature of SenseU-

til is dynamic incentive which changes along the time

depending on sensing activities of all participants. In

comparison with non-incentive environment, the sim-

ulation study shows that more people participate in

sensing tasks while additional cost of participant is less

than 3%. One of future works is to include other fac-

tors in the utility function such as correlation of nearby

sensing points.
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