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Abstract

Background: Mobile Crowd Sensing (MCS) tool allows us to collecting multiple
sensor data (such as accelerometer, gyroscope, and GPS) from off-the-shelf T T——
smartphone inconspicuously Sectting

Study
Study URL

Device ID

Issue: Although several MCS tools are proposed and that have a lab-level
benchmark the performance in a practical study condition is scarce.

Device Name

Advanced Settings

Sensors

Approach: In this study, we assess the quality of data collection of a MCS tool for et
i0S (namely AWARE-iOS), installed on off-the-shelf smartphones with 9 participants oo
for a week in-the-wild condition. .

Magnetomelter

Rotation

Result: More than 97% of sensor data, provided by hardware sensors (i.e., " Linear Acceleromater
accelerometer, location, and pedometer sensor), is successfully collected in the wild o
condition, unless a user explicitly quits the MCS tool.



Background

* Smartphone has spread rapidly all over the world[1]

* Mobile Crowd Sensing (MCS) is a research method to
understand human activities/context by using collected sensor
data from distributed smartphones [2-4]

* Tracking mental-health, heavy drink, and marijuana usage

* Mobile Sensing Framework|[5-7] allow us to collect sensor data
quickly
e Support multiple sensors (accelerometer, gyroscope, GPS, and more)
e Survey (Experience Sampling Method: ESM)
* Inconspicuous data collection

Smartphone ownership in advanced
economies higher than in emerging [1]

% of adults who report owning ...

W A smartphone
M A mobile phone that is not a smartphone
No mobile phone
Advanced economies
South Korea
Israel IEENET) 2
Netherlands IETAEEN 2
Sweden IIEETNERE 2
Australia TR 6
w81 13 [3
Spain 2
Germany VAT 6
UK I T 5
France YA NEETHE 6
Italy 8
Argentina 17
Japan 8
Canada INEENER 25
Hungary 9
Poland 7
Russia 7
Greece 10
MEDIAN I VA 6
Emerging economies
South Africa [NV EEEFTE 6
Brazil 17
Philippines 23
Mexico 24
Tunisia 10
Indonesia 29
Kenya 14
Nigeria 17
India 35
MEDIAN 17

Source: Spring 2018 Global Attitudes Survey. Q45 & Q46
PEW RESEARCH CENTER
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Problem

* The latest mobile OSs aggressively terminate or suspend an application running in
the background for maximizing battery life

 Existing MCS tools did not assess the performance in the realistic condition
[213I4I5]

* The quality of data collection depends greatly on the sensors selected and user
compliance

[1]“iOS Crowd-Sensing Won't Hurt a Bit!: AWARE Framework and Sustainable Study Guideline for iOS Platform,” Yuuki Nishiyama, Denzil Ferreira, Yusaku
Eigen, Wataru Sasaki, Tadashi Okoshi, Jin Nakazawa, Anind K Dey, and Kaoru Sezaki, In: Streitz, Norbert, Konomi, Shinichi (Ed.): Distributed, Ambient and
Pervasive Interactions, pp. 223-243, Springer International Publishing, Cham, 2020, ISBN: 978-3-030-50344-4.

Need to assess the performance of MCS tool in realistic conditions
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(2016



Related Works: Mobile Sensing Frameworks
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Case Study: Data Collection Rate
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* Case: 4 cases o
« Baseline idea

* ESM (Experimense Sampling Method): Take survey 3 timesin @ ﬁf;vf, K

a day low-p I
* SPN (Silent Push Notification): Send a SPN every 30 minute P —
* = |
ESM + SPN & I;v::v)c/
* Device: 410S Devices low-p I

* |dle, Non-c, Heavy, Low-p

* Sensors: 6 Sensors
* Locations (100 m, 3 min.) - 480 records per day

* Accelerometer (5 Hz) Data Collection Status Rate(%)
* Pedometer (3 min.) = come neomp. I Loss
«  Weather (10 min.) Locations

e Screen (eventual) BL > ESM+SPN > SPN > ESM

* Battery (eventual) Ideal > non-c > heavy > low-p

“i0S Crowd-Sensing Won't Hurt a Bit!: AWARE Framework and Sustainable Study Guideline for iOS Platform,” Yuuki Nishiyama, Denzil Ferreira, Yusaku Eigen, Wataru Sasaki, Tadashi Okoshi, Jin Nakazawa, Anind K Dey,
and Kaoru Sezaki, In: Streitz, Norbert, Konomi, Shinichi (Ed.): Distributed, Ambient and Pervasive Interactions, pp. 223-243, Springer International Publishing, Cham, 2020, ISBN: 978-3-030-50344-4.



Goal of This Research

“How does a MCS tool work in-the-wild condition?”

The result of our previus study
- The data collection rate is changed depends on conditions (ESM+SPN is better condition in-the-lab study)

In-the-wild In-the-wild
Data Collection Battery Impact

—

(1) Demonstrate the quality of data collection and battery impact in-the-wild condition for
realizing safely data collection
(2) Propose a factor for evaluating the performance of MCS tools
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@ What is AWARE Framework ?

An open source mobile sensing framework for multiple platforms

: ’
»
“
Start MCS by just 200+ reseaches Open Souce (Apache 2.0)
install the app, and citated/used this Client (Library & Ul) &Server 600+ members
read a QR code! framework

Ferreira, D., Kostakos, V., Dey, A.K. AWARE: mobile context instrumentation framework. Frontiers in ICT (Vol 2, Issue 6), 2015, DOI: 10.3389/fict.2015.00006,

https://awareframework.com/



https://awareframework.com/

What is AWARE Framework for iOS (AWARE-iOS)? 9

* Multiple sensors (more than 23 sensors on iOS)

“i0S Crowd-Sensing Won't Hurt a Bit!: AWARE Framework and Sustainable Study Guideline for iOS Platform,”
Yuuki Nishiyama, Denzil Ferreira, Yusaku Eigen, Wataru Sasaki, Tadashi Okoshi, Jin Nakazawa, Anind K Dey, and
Kaoru Sezaki, In: Streitz, Norbert, Konomi, Shinichi (Ed.): Distributed, Ambient and Pervasive Interactions, pp.
223-243, Springer International Publishing, Cham, 2020, ISBN: 978-3-030-50344-4.

* Schedule/dynamic ESM

e Remote control via SPN

* Resource optimization
| Dashboard | 5
- 2
* Open source library/client (GitHub and AppStore) > B
| Database - MySQL | s M
all Y!mobile 4G 23:33 9 Q1 96% [©a) all Y!mobile 4G 22:29 v 74% @) al Y!mobile 4G 23:32 7 Q0 95% [®&a) * m E
ESM W + Context Card < ad Setting O 28 | Web API | E
Study
Accelerometer A
Jul 26, 2020 > StUdy URL ﬁ \
s . JSON over | JSON over Silent Push
: \ : . , Device ID HTTPS HTTPS Notification
Tap to answer survey(s) 0 '?‘J:::—H—"—w—,-ﬂ(rﬂ- 5¢103564-26d6-49da-a74e-23e744531bef L Ol/e_r I_I_TT;PS_ ____________ .
j ! : Device Name 1 1
78,00 6:00 12:00 18:00 0:00 Phone - : - \ / Anchor % :
W double_values 0 M double_values 1 ™ double_values_2 Advanced Settings 1 SQLite, JSON, 1
! csv 1
Barometer Sensors ! or‘\ StUdy Manager % E‘ I
Jul 26, 2020 Accelerometer - Hardware : sensor A event broadcast 2 :
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on — A .;" '{ A Activity Recognition y 1=
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1009 - [ Al 1
1008 ™ :J"/\‘ (NPS/PS) R o
1007 P Ambient Noise ! K A 1<
0:00 6:00 12:00 18:00 0:00 [30] dB:-0.072985, RMS:0.009487, - Human 1 1 ;
B double values.0 Frequency:0.000000 1 sensor sensor study survey 1<
Barometer I data operation configuration event 1
. ' 1 1
o oy : — ¥ :
: = ' , . Context View Setting View Survey View .
= -~ =
5 N A\ 7‘ N o3 [7 A G 1 1

ESM
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Screenshots of AWARE Client iOS v2

Settings

Framework Architecture of AWARE-iOS



Sufficient Sensor Data Collection on
Smartphone in-the-wild condition
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Data Collection Rate

Ll

= Amound of collected data / Estimated amount of sensor data * 100

Battery Impact
El = Battery consumotion per hour




Participants’ Devices

Experimental Setup e e

D2  iPhone XS 13.3.1 4GB 64 (8) GB
* Participants: 10 volunteers D3 iPhone XS 13.3 4GB 64 (1) GB
: . : D4  iPhone XS 13.3 4GB 256 (141) GB
» Students of Keio University, Japan (141)
D5  iPhone XS 13.3 4GB 256 (54) GB
e * A participant dropout during a study P —— 133 4GB e
e Duration: D7 iPhone 11 13.3.1 4GB 128 (82) GB
. 1 week D8  iPhone 11 13.3.1 4GB 256 (22) GB
D9 iPhone 11 Pro 13.3.1 4GB 64 (5) GB

* Data Collection (same setup with our previous work[1]) :

Estimated Amound of Sensor Data

* Tool: AWARE Client iOS V2 on AppStore

Sensor Name | Interval Day
* 7 sensors as same as our previous work | (Accuray)
(Pedometer, Location, Accelerometer, Weather, Battery, SPN I 10 min. | 2 48 | 336I
Screen, and ESM) ESM | 3times/1dayl  NA 3 21,
. : |
. L . (100 20 480 3,360
« Smartphone usage log: SPN, memory warnings, and ocation | it (LSl ' ]
. Pedometer | 10 min. 6 144 1 1,008]
terminate events | I
Accelerometer | 5 Hzl 18,000 432,000 3,024,000]1
[1] “iOS Crowd-Sensing Won't Hurt a Bit!: AWARE Framework and Sustainable Study Guideline for iOS Platform,” I I
Yuuki Nishiyama, Denzil Ferreira, and et al.In: Streitz, Norbert, Konomi, Shinichi (Ed.): Distributed, Ambient and Weather e e _10_m|2 I 6 144 1'008 I

Pervasive Interactions, pp. 223-243, Springer International Publishing, Cham, 2020, ISBN: 978-3-030-50344-4.



Data Colleration Rate

D1
* Except for D1, all devices collected more than 97%.'- o
of Location and Accelerometer data

* The data losing patter of both sensors is similar

Data Collection Rate (%)

Location

Data Collection Rate (%)

Accelerometer

I collected lost
: D1 I S B :

. D2 I S S
* 100% of data is I b3 I R R :
collected from all :8 D4 I —— 1
. , = D5 I S S I
participants phone :3 D6 I S A I

D7 I S S
(eXCpEt for D8) I' ps I N S :
I b I S S I
: 0 20 40 60 80 100 I
L------D-aaci)llgcmwa-teﬁ/i-----.

Pedometer

* Except for D1, data
collection rate of
weather sensor is
80.49 (SD: 10.65)

I collected lost
D1 L

F L _F _ 35 _5i_& &R _BR B &0 _&BR _§B §B §B ¢B QB /|

l D2 ./ | || l

| D3 I N . |
a D4 I N I
a D5 I N . |
CI D6 I N

| D7 ———d

| D8 I I

I D9 ! [ [ | !

Data Collection Rate (%)

Weather
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Responsed ESM and Received SPN

 All participants (excluding D1) had  * D1 received a smaller number of

response to a survey (open the app) SPNs (12.29 times/day) than other
more than 2 times/day. devices

Caa | < | o @ 40

g o¢ :
& oo SEETNES TN T = B B
o S

<
09 “““““““

Day Day

Number of Responsed ESM Number of Recived SPNs 13



Memory Warning and Terminate Events

* D5 has recevided much memory
warnings during this study
(12.29 times in a day)
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Memory Warnings

* D1 terminates the app
frequently than other devices
(2.86 times in a day)

* D5 did not terminate the app
during the study

I S D5 - 0 0 0 0 0 0 0

D7- 1 0 1 0 0 1 0
D8- 1 0 0 1 0 0 0
D9- O 0 0 0 0
1 2 3 4 5 6 7
Day

-0

Terminate Events y
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Data Collection by Every Hour:

Location, Accelerometer, and Weather Sensor
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Battery Consumption
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* Median of battery consumption per hour is 8.24%
(N:166, Mean: 10.1, SD:6.65)

* Excluding D1, D2 does not consume battery (2.76% < I % % =
per hour), but D4 consumed 17.95% per hour. ] o

10+

(6]

Battery Consumption per Hour (%)
=
—
I |

o

All Devices (D1-9) D1 D2 D3 D4 D5 D6 D7 D8 D9
Device

Battery Consumption

* Participants tend to feel the battery consumption is slightly high but seems to be not a
significant effect on their smartphone usage in their daily life

Result of Questionnaire

# Question 1 2 3 4 5 6 7 Mode
Q1 How did you perceive the battery life of your smartphone during thisstudy 1 3 4 0 1 1 0 3
when compared to normal use?
1:Very impacted — 7:No impact at all
Q2 How much did you feel the battery life has restricted your daily activity? 1 0 3 0 2 2 2 3
1:Very restricted — 7:Not restricted at all
Q3 How did you feel regarding the frequency of ESMs? 0O 1 4 2 2 0 1 3

1:Too much frequent — 7: Not frequent at all
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Data collection Rate

Terminate Event
* More than "95% of data from hardware sensors" and "80% of erminate Lvents
data from RESTful API" can collect unless a user terminates ot

the app by using the ESM+SPN condition R T T D R
Potential risks of data collection 1 2
* App terminations reduce the quality of data collection oo I oo LB
* Wemory warnings does not make significant effect in the T
ESM+SPN condition Memory Warnings
* Free storage size is a potential risk (D1, 2, and 9)
I collected lost
Battery life and user’s feeling 02 ————
e Battery consumption is completery different between users g0 I ———
(min. case: 2.76 per hour vs. max. case: 17.95 per hour) L e ———————
* Participants does not feel significant effect on their o e ——
smartphone usage in their daily life by using this tool Do | ———— |

Data Collection Rate (%)

Location Sensor 17
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Future Works

e Evaluations in the other cases:
e Baseline, ESM, and SPN condition
* The performance in the long-term study
* Combination of sensor and OS

* Automatic performance assessment and report function in the wild
condition



Conclusion

We assess the data collection quality of a MCS tool, installed on off-the-
shelf iOS smartphones with 9 participants for a week in-the-wild
condition + ESM+SPN condition.

More than 97% of sensor data, provided by hardware sensors (i.e.,
accelerometer, location, and pedometer sensor), is successfully
collected in the wild condition, unless a user explicitly quits our data

collection application.




Thank you for your attention.

Yuuki Nishiyama, Denzil Ferreira, Wataru Sasak3,
Tadashi Okoshi, Jin Nakazawa, Anind K. Dey, and
Kaoru Sezaki

uukin@iis.u-tokyo.ac.j
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