Efficient Mobile Crowdsourcing via
Gamification for Smart City
Applications

YingYi Chen
Advisor: ChengfsinHsu
Networking and Multimedia Systems Lab
CS Dept. ,National Tsing Hua University



Outline

A Motivation

A Challenges & Approaches
A Incentive Mechanism
A Task Coverage

A Problems & Solutions
A Optimal Spot Locator
A Nearest Gamer Assigner
A Nature NPC Path Generator

A Evaluations
A Simulation Settings
A Mobility Models
A Baseline Algorithms
A Simulation Results

A Implementation & User Study
A Conclusion



Outline

A Motivation

A Challenges & Approaches
A Incentive Mechanism
A Task Coverage

A Problems & Solutions
A Optimal Spot Locator
A Nearest Gamer Assigner
A Nature NPC Path Generator

A Evaluations
A Simulation Settings
A Mobility Models
A Baseline Algorithms
A Simulation Results

A Implementation & User Study
A Conclusion




Motivation

ASmartcity marketwill grow at an annual rate of
almost 20% and reach 1.45 trillion USRBYO

ASmart citiegequire intelligent infrastructures to
solve various resource management problems and
large-scale social/economic challenges

ATraffic congestion
APollution monitoring
AEnergyconsumptio




Mobile Crowdsourcing

AMobile crowdsourcing enhancing infrastructure sensing.

AA hybrid sensinglatform with in-situ sensors and
smartphones, calle®martphone Augmentebhfrastructure
SensindSAIP[1]

A Dispatchmobile users to the right place #te right time
for performing the sensing task8 crowdsourcing
platform can help researchers collect data

A Noise

APM 2.5

A Roadconditions
APicture Video

[1] C. Liao, THou, T. Lin, Y. Cheng, Brbad C. Hsu, and NenkatasubramanigSais: Smartphone augmented infrastructure sensing for publlc safety and
sustainability in smart cities. In Proceedlngs of the International Workshop on Emerging 36 Multimedia Applications eesf@esmart Cities
609al! {/ Qwmm® Drlahdb, HLS Movember 2014.
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IncentiveMechanism

APerformingsensing tasks is energy and time
consuming

AMonetary incentives

A Determining the price of each crowdsourced sensask
Is adifficult problem

AWe propose togamify the SAIS platform using
mobile games, similar to the populBokémonGo [2]

MI

[2] Y. Chen, H. Hong, S. YadW#Wunvaranontand C. HSLGamifying\Aobin Applicatiosz for Smar}phone Augmented Infrastruct8emsing.In Proceedings
of the 15th Annual Workshop on Network and Systems SuppoRfory Sa o6 b SYi me2&a. Qm T
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Task Coverage

ASometask need directional sensing, such as taking
photos or shootingideos

AWe may need to assign more than one gamer to
cover 360 degrees
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Problems & Solutions

AThere are three problems we solved in our system
AOptimalSpot Locator

ANearest Gamer Assigner

* ANature NPC Path Generator
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Optimal Spot Locator

ATo locatethe least number of spots to finishtask

4V O

Mobile App Broker
Nature : Nearest - ‘ Dashboard}
NPC Path Spot Gamer Task . Web Server
Generator Assigner E'_
Game Enginem : DataBase

= Sensors
=
(-] |

11




AlgorithmOptimal Spot Locator

Optimal Spot.ocator
AT be the number of sensing tasks
A"Y be the requested anglset of task t

AmaximaleffectivedistanceQ
Aminimaleffective distancéQ \

Algorithm 1 Optimal Spot Locator

ok each skt 15T do ar = 2arccos(d; + df - R)/2d;d)
3 for e € U; do

4: N = [(max(e) — min(e))/a; |

5 forn=0,1,..., N —-1do

6 St = St U {((max(e) — min(e))/N)n + min(e) }




Nearest Gamer Assigner

AAssignedyamer must have the sensors required by
the task

AAssigngjamers to nearestisks
APeriodicallyexecuted, say once every 5 minutes

/Mobile App\ / Broker \ -
p Nearest Dashboard
Spot Gamer ¢ Task Web Server
Assigner =T
Game Engine| Sensor Data> DataBase

— 1| Sensors
/o /

i /




AlgorithmsNearest Gamer Assigne
3

A"Q be the current location of gamer p
A"Q be the GPS location of task viamerl
Ad be the beginning life time of task t

L AL AA g oAl < ® Task2
Ad0 & KSSYTRAITASE & | @&

Taskl

Algorithm 2 Nearest Gamer Assigner

function GAMER_ASSIGNER
while there are remaining tasks do
find the most urgent task # by comparing I, and current time

Find the nearest p by comparing g; and g,
if gamer p has required sensors for task ¢ then

1:

2

3

4: while there are unsatisfied spots of # do

5

4]

7 assign p to the nearest unsatisfied spot € S; in Q; 14




/Mobile App\ / Broker \

Nature NPC Path Generator

ACreateshe NPC paths to guide tlgamers

Aln order to make the gamers recording the video at
the right place with the right angle

4 Dashboard
Nature |
NPC Path Spot \ Task __YVeb Server
Generator :

Game Engine| Sensor Data DataBase

Sensors / . E-_ﬁ_q /
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AlgorithmNature NPC Path
Generator

A"Q be thelocationof spot s and task t

Algorithm 3 Nature NPC Path Generator

1:
2:

oo 1 O Lh B oW

function PATH_GENERATOR
Let gz be the initial GPS location of NPC

gi = Gi + (gegis) /duds
Put NPC at the initial point Gn = g;
while g; is not at spot location g:s do
Gn = gp + (9p9:5)/di (dy — d)
while Gn is not at gi do .
Gn = Gn + (Gngi) /(|Gngi|)

16
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Simulation settings

A5*5 km"2
AEach gamer has 1 to 3 hours available between 6 a.m.
and 6p.m. everylay

AThe gamersnove around untithey are assigned sk
ATravel speed of gamers is &keh/hr

ATime: 7 days

ANumber of gamers P25, 50,100, 200, 400}
ANumber of tasks T = {1000, 400, 800}

ALife time of tasks = {1, 23, 4, 5} hr)



Mobility Models

ARandom Waypoinvodel
APathwayMobility Model



Random Waypoiri¥iodel

AEachgamers movesdependently to a randomly
chosendestination in the simulation area.

SourceF. Bai and Adelmy. A survey of mobility models.
WirelessAdhocNetworks. University of Southern California, USA, 206:147, 2004.

20



Pathway MobilityModel

ATONBAGOGNAOG OGKS 3FYSNRQ Y
In the map

AWe extract the roads fror®penStreetMap

—1 1

¢) Pathwavy Graph on a Campus
b I I

Sourcef. Bai and Adelmy A survey of mobility models.
WirelessAdhocNetworks. University of Southern California, USA, 206:147, 2004.



Baseline Algorithms

ACurrent Practice (CRyimics manual assignments
and humarbehaviors

AVideo Surveillance Networkg $N) [3]randomly
selects the spots within theffective

[3] T. Chen, H. Tsai, C. Chen, and J. Peng. Object coverage with camera rotation in visual sensor networks. In Procedidinggerhtiieonal wireless

O2YYdzyAOFiA2ya yR Y20Af S 02 VYLdaBFsarte 0BG FSNBEYyOS oL2/a/ Qmnos LI 3ISa 1



Current Practice

Algorithm 5 The Current Practice algorithm
1: function CURRENT_WORK

2: for eachtaskt =1,2,..., T do

3: for p who is assign to ¢ do
4: let d = distance away from g, which is randomly chosen between d; and d; fol-
lowed by gaussian distribution
5 S = Sc U {(de + (G0 /lGegy ) 25
D




Video Survelllance Networks

gp

Algorithm 4 The VSN algorithm.
1: function VSN

2: foreachtaskt =1,2,...,7T do
3: for p who is assign to £ do

4: let d = distance away from ¢g;, which is randomly chosen between cit and d; fol-
lowed by gaussian distribution
let vy = cover angle of task ¢, which is randomly chosen between 0 and 27

6: S¢ = S¢ U {g: + d| sin o, cos |} 24
D




Performance Metrics

ACompletion ratio

A Foreach task, the completion ratio fise percentageof the
requested angles covered by the gamers. For all téls&s,
completionratio is the average ratio across taks

AResponse time

A Thetime between the task receivedr¢m smartcity
applicationg and completed (by gamers

AWorking hour

,Z\Th?(average hours spent by gamers when carrying out the
tasks

ASpotsper task

A Thenumber of resulting spots for eathsk



C(}lclg)leti(}ll Ratio

CompletionRatio

Random Way Point Pathway Mobility Model
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Our algorithm outperforms the Our algorithm outperforms the
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Most
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Working Hour (hr)
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Our algorithm reduces the average
working hour by at mos$7%
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Spots Per Task

Random Way Point Pathway Mobility Model
150 150 -
-»-CP - CP
o -a-VSN » -0-VSN
ﬁlDD -0-Proposed 5100 | ~0-Proposed
2 3
3 50 £ 50-
z A
0 ' ‘ ‘ ‘ 04— === B bl LJ
¥ ZGONum%%g of lga ga 300 0 200 400 . 600 800
_ ~ Number of Tasks _
Our algorithm produces stable spots The baseline algorithms end up with

per task too many spots petask.



Running Time

AThe runningTime (ps) of Ouhlgorithms:

A Spot Locator and Gamer Assigner are running on server.
ANPC Path Generator is running on Ageigone3

_ Running Time
Algorithm Nin Max
Spot Locator 3161.85 | 3856.85
Gamer Assigner 55.12 57.93
NPC Path Generator | 76.51 121.19
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Implementation

ATwo Android applications
A Ordinaryversion
A Gamified version




UserStudy

AThetasks are randomly generated every 5~30
minutes

AThesetasks are located in 15 predefined locations
In the campus

AWe recruit4 gamers in their twenties (50% mjle
AWe give them phonesZenfone3) for 3 days



User Study Results

AWe usefive-point Likert scale (between 1 and 5) to
assess the user studgsults.

Alntrinsic Motivationinventory (IMI) [3]

. IMI questions 5
1 | enjoy this game Ml Ordinary
_ o 4 - [ |Gamified| |
2 the game is fun 5 3
3 | think the game is boring a3
(=T}
4L leéAy3a UKS FFLYS R2S 2
5 | would describe the game is interesting <.
6 the game is enjoyable .
7 when | play the game, | think about how muc 1 2 3 4 5 6 17
| enjoy it Question
[B]E.DeciH.Eghrart . @ t I GNAO1Z FYR 5& [ S22y SRS (cSNNOATFAGIAI20yA YK SA2yNEBES NYSHNEBOIL BS, Qidiik 20/SY2 4 ¢

pp. 113142, 1994.



Demo
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