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Motivation

ÅSmart city market will grow at an annual rate of 
almost 20% and reach 1.45 trillion USD by 2020

ÅSmart cities require intelligent infrastructures to 
solve various resource management problems and 
large-scale social/economic challenges
ÅTraffic congestion

ÅPollution monitoring

ÅEnergy consumption
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Mobile Crowdsourcing

ÅMobile crowdsourcing enhancing infrastructure sensing.

ÅA hybrid sensing platform with in-situ sensors and 
smartphones, called Smartphone Augmented Infrastructure 
Sensing (SAIS) [1]

ÅDispatch mobile users to the right place at the right time 
for performing the sensing tasks. A crowdsourcing 
platform can help researchers collect data
ÅNoise

ÅPM 2.5

ÅRoad conditions

ÅPicture̘ Video

5
[1] C. Liao, T. Hou, T. Lin, Y. Cheng, A. Erbad, C. Hsu, and N. Venkatasubramania. Sais: Smartphone augmented infrastructure sensing for public safety and 
sustainability in smart cities. In Proceedings of the International Workshop on Emerging 36 Multimedia Applications and Servicesfor Smart Cities 
ό9a!{/ΩмпύΣ ǇŀƎŜǎ оς8, Orlando, FL, November 2014.
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Incentive Mechanism

ÅPerforming sensing tasks is energy and time 
consuming

ÅMonetary incentives
ÅDetermining the price of each crowdsourced sensing task 

is a difficult problem

ÅWe propose to gamify the SAIS platform using 
mobile games, similar to the popular Pokémon Go [2]

7[2] Y. Chen, H. Hong, S. Yao, A. Khunvaranont, and C. Hsu. Gamifying Mobile Applications for Smartphone Augmented Infrastructure Sensing. In Proceedings 
of the 15th Annual Workshop on Network and Systems Support for DŀƳŜǎ όbŜǘDŀƳŜǎΩмт). June , 2017.



Task Coverage

ÅSome task need directional sensing, such as taking 
photos or shooting videos

ÅWe may need to assign more than one gamer to 
cover 360 degrees
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Problems & Solutions
ÅThere are three problems we solved in our system

ÅOptimal Spot Locator

ÅNearest Gamer Assigner

ÅNature NPC Path Generator 
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Optimal Spot Locator

ÅTo locate the least number of spots to finish a task
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Algorithm-Optimal Spot Locator

Optimal Spot Locator

ÅT be the number of sensing tasks

ÅὟ be the requested angle set of task t

Åmaximal effective distance Ὠ

Åminimal effective distance Ὠ
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Nearest Gamer Assigner

ÅAssigned gamer must have the sensors required by 
the task

ÅAssigns gamers to nearest tasks

ÅPeriodically executed, say once every 5 minutes
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Algorithms-Nearest Gamer Assigner

ÅὫ be the current location of gamer p

ÅὫ be the GPS location of task t

Åὰbe the beginning life time of task t

ÅὰōŜǘƘŜŜƴŘƭƛŦŜǘƛƳŜƻŦǘŀǎƪǘ
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Nature NPC Path Generator 

ÅCreates the NPC paths to guide the gamers

ÅIn order to make the gamers recording the video at 
the right place with the right angle
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Algorithm-Nature NPC Path 
Generator
ÅὫ be the location of spot s and task t
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Simulation settings

Å5*5 km^2 

ÅEach gamer has 1 to 3 hours available between 6 a.m. 
and 6p.m. every day

ÅThe gamers move around until they are assigned a task

ÅTravel speed of gamers is 5.4 km/hr

ÅTime: 7 days

ÅNumber of gamers P ={25, 50, 100, 200, 400}

ÅNumber of tasks T = {100, 200, 400, 800}

ÅLife time of tasks ὰ= {1, 2, 3, 4, 5} (hr)
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Mobility Models

ÅRandom Waypoint Model

ÅPathway Mobility Model
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Random Waypoint Model

ÅEach gamers moves independently to a randomly 
chosen destination in the simulation area.

20

Source: F. Bai and A. Helmy. A survey of mobility models. 
Wireless AdhocNetworks. University of Southern California, USA, 206:147, 2004. 



Pathway Mobility Model

ÅTo ǊŜǎǘǊƛŎǘ ǘƘŜ ƎŀƳŜǊǎΩ ƳƻǾŜƳŜƴǘ ǘƻ ǘƘŜ ǇŀǘƘǿŀȅǎ 
in the map.

ÅWe extract the roads from OpenStreetMap.

21
Source: F. Bai and A. Helmy. A survey of mobility models. 
Wireless AdhocNetworks. University of Southern California, USA, 206:147, 2004. 



Baseline Algorithms

ÅCurrent Practice (CP): mimics manual assignments 
and human behaviors

ÅVideo Surveillance Networks (VSN) [3]: randomly 
selects the spots within the effective

22[3] T. Chen, H. Tsai, C. Chen, and J. Peng. Object coverage with camera rotation in visual sensor networks. In Proceedings of the6th international wireless 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀƴŘ ƳƻōƛƭŜ ŎƻƳǇǳǘƛƴƎ ŎƻƴŦŜǊŜƴŎŜ όL²/a/ΩмлύΣ ǇŀƎŜǎ тфς83, France, 2010.



Current Practice
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Video Surveillance Networks
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Performance Metrics

ÅCompletion ratio
ÅFor each task, the completion ratio is the percentage of the 

requested angles covered by the gamers. For all tasks, the 
completion ratio is the average ratio across all tasks

ÅResponse time
ÅThe time between the task received (from smart city 

applications) and completed (by gamers)

ÅWorking hour
ÅThe average hours spent by gamers when carrying out the 

tasks

ÅSpots per task
ÅThe number of resulting spots for each task

25



Completion Ratio

Our algorithm outperforms the 
baseline algorithms by up to74%

Our algorithm outperforms the 
baseline algorithms by 4.8 times at 
most
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Random Way Point Pathway Mobility Model

64.16%

11.99%
11.50%

73.05%

48.97%
41.96%



Response Time

The baseline algorithms have almost 7
times response time compared to our 
solution 

Response time of our algorithm is less 
than halfof that from the baseline 
algorithms
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Random Way Point Pathway Mobility Model
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117.5mins
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24.60 mins



Working Hour

The VSN algorithm have almost 9 times 
working hour compared to our 
solution 

Our algorithm reduces the average 
working hour by at most 87%
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Random Way Point Pathway Mobility Model

8.13 hrs
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1.09 hrs

9.24 hrs
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Spots Per Task

The baseline algorithms end up with 
too many spots per task.

Our algorithm produces stable spots 
per task

29

Random Way Point Pathway Mobility Model



Running Time

ÅThe running Time (µs) of Our Algorithms:
ÅSpot Locator and Gamer Assigner are running on server.

ÅNPC Path Generator is running on ASUS Zenfone3
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Implementation

ÅTwo Android applications
ÅOrdinary version

ÅGamified version
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User Study

ÅThe tasks are randomly generated every 5~30 
minutes

ÅThese tasks are located in 15 predefined locations 
in the campus

ÅWe recruit 4 gamers in their twenties (50% male)

ÅWe give them phones (Zenfone3) for 3 days
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User Study Results

ÅWe use five-point Likert scale (between 1 and 5) to 
assess the user study results.

ÅIntrinsic Motivation Inventory (IMI) [3]
IMI questions 

1 I enjoy this game

2 the game is fun

3 I think the game is boring

4 ǇƭŀȅƛƴƎ ǘƘŜ ƎŀƳŜ ŘƻŜǎƴΩǘ ƘƻƭŘ Ƴȅ ŀǘǘŜƴǘƛƻƴ

5 I would describe the game is interesting

6 the game is enjoyable

7 when I play the game, I think about how much 
I enjoy it

34[3] E. Deci, H. EghrariΣ .Φ tŀǘǊƛŎƪΣ ŀƴŘ 5Φ [ŜƻƴŜΣ άCŀŎƛƭƛǘŀǘƛƴƎ ƛƴǘŜǊƴŀƭƛȊŀǘƛƻƴΥ ¢ƘŜ ǎŜƭŦ-ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǘƘŜƻǊȅ ǇŜǊǎǇŜŎǘƛǾŜΣέ WƻǳǊƴŀƭ ƻŦ tŜǊǎƻƴŀƭƛǘȅΣ Ǿol. 62, no. 1, 
pp. 119ς142, 1994.



Demo
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