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[Abstract]

Information obtained through various sensors embedded in a smartphone can be used to identify and
analyze user’s movements and situations. In this paper, we propose two rule-based motion detection
systems that can detect three alphabet motions, ‘I’, ‘S’, and ‘Z’ by analyzing data obtained by the
acceleration and gyroscope sensors in a smartphone. First of all, the characteristics of acceleration and
angular velocity for each motion are analyzed. Based on the analysis, two rule-based systems are
proposed and implemented as an android application and it is used to verify the detection performance
for each motion. Two rule-based systems show high recognition rate over 90% for each motion and the

rule-based system using ensemble shows better performance than another one.

» Key words: Smartphone Sensors, Acceleration Sensors, Gyroscope Sensors,
Motion Recognition, Rule-Based System
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I. Introduction
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II. Related works
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IlI. Methods and Materials

1. Motion Specification
=rollAE AMBAP T ATTEES &of F 1

EX
=
3

= o

NS FE T, ADEES] 1A U Aol Azm A1
HZHE 92 4 b HolEE Hegos A1gAle] g
ol $AUA Qe Tk v, 2 359} UE 018
& AN A2 W] SEIN 352 SUMoz
013 4 b $29E Y Tz nepsislon, 3
3 A3 RolAP} 8AAL A ol 4 Y=g Lyl
CheAl 3 292 Ageleict 4d oo MR o

%A, & 2
Qo] AR} BL PP TRY 4 UES

F & 2707} 7hsor Safyle Meisto 2

ARPgOIN A%F0Z Qe clole AAME o] §atut
sioict. 26749) Lupsl —F_W F A W 2702 UEshe
gmsie B, C, D, T, T, L, M, N, ‘0, P, R,

S, UL VLW, 27} 9t o] Folq B, C,
PR 5] BAHE 2ol A} ARE A2 0R
o

[e]]

she dfole I Yol FABH] See € 4
AOERZ 20 & dHolA sAdez FAE
deoll= AINO tlole] Wbt 'O'et fAE
o= o] At

rlr

g

|

%9,
rel o
Lre

>_\|i

o
ol
=



48 Journal of The Korea Society of Computer and Information

R
o

Acceleration (m/sec’2)

© o AN O NN O B

Acceleration (m/sec’2)

Time (msec)

(b) acceleration data from x—axis of ‘O’ and ‘S’

Fig. 1. Similarity of sensor values from ‘O’, ‘Z’, ‘S’
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2. Analysis of Data Obtained from Sensors

2.1 Data Acquisition
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Table 2. Sensor value for three motions

Motion | Value Acc.elerometer Gyroscope :
X axis z axis X axis z axis

Max. 0.69 11.10 14.54 11.89

I Min. -0.80 0.12 -19.03 -11.12
Avg. -0.03 8.30 -0.41 0.50

Max. 4.75 12.55 39.93 83.98

S Min. -4.28 0.72 -40.32 | -100.50
Avg. 0.30 8.87 0.71 0.93

Max. 497 12.14 29.57 98.24

Z Min. -4.87 3.97 -37.31 -94.01
Avg. 0.14 9.71 0.68 -1.16
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IV. Proposed Rule-based Systems

1. Rule-based System Using Accelerometer
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Fig. 82 'S¢} 7' BAY I 714 AA xF2] 273k
S HEsto] uepd J#jmolct. 7Zb Jjmojly
0.1m/secs YA O = A3t T3 0.1m/sec 0]Tt o]
A 0.lm/sec &1} 3oz Hsl= HQE A Eg]A,
-0.1m/sec &1t ZHollA -0.1m/sec O]9F 3Fo 2 Hat= 7
S5 sk ER|A = Pdeitt. 178 HoE] ZololA A5



52  Journal of The Korea Society of Computer and Information

9 51 E2)A7t wAsts A0 web 'S 2 W
2 % 9k, o} EABlel Fig, 991 20| Ueld 4 o,

!

Fig. 9. Flowchart of a rule based system using
accelerometer
(Amaxx = maximum acceleration of x—axis, Aminx =
minimum acceleration of x—axis, Ax = acceleration of
x—axis, Trig() = trigger checking function)
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Fig. 12. Flowchart of system using gyroscope
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velocity of z—axis, Trig() = trigger checking function)
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V. Experiment and Result
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Fig. 13. Implemented Rule—based System Application
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Table 3. System performance using accelerometer

. . Correct . Detection
Subjects Motions Detection Invalid Rate [%]
Rul I 20 0 100

Desiu (re\er > 18 2 70

. z 19 1 100

I 54 6 90.0

Others S 59 1 98.3

z 57 3 95.0
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Table 4. System performance using ensemble

Subjects Motions DCe(thzicotn Trvelle DRZttZCt[I;,?
Rule ! 20 0 100
Designer S 19 1 95
Z 20 0 100
I 60 0 100
Others S 58 2 97
z 58 2 96.7

VI. Conclusions

2 =20l AnteEo] UPPH FHAE AKet Alolz
:’

A3E AN Clolelg ZE3lo] ¢ 2 A7)} 2Kt T
'S, 7 A 7R 2RI QAR FAIEE AL st
ok, 9] Sl £ALS BASH: WHS i, 2 8%
ool it 4% 2 A4 Holekg BAslel 542 55
Sk =5 593 M B FAPI ARG Alsl T

ohE2olc o2 Fstel 74} AR L aalolaE
X 2452 AFSHIA Sk A k] 2t
A A oot £ 7bR] A9 Al AR
22 352 PO WBYon, AUEEY 54 7]k
2 gHQol AR 4 Yt S SIS,

HAe o & 201} JRsE Al A gap T, S,

o
79 NUS BRI PHS AFsion, U 7

8
o 2Ale} U123 542 Ul o2 2RSS TR
colEl 24 71Hg Mgslel PR 4 9k WY AT
we Asel Al ojdt HRE Festel AL B
FoAL OIS BEE T B SO We
A8 & 9L00] A ALn} 22 ulA AT fS
T4 YRS V1SS BT 4 9L Ao wuHl
REFERENCES

[1] Gallup, Research of usage and brand of smartphones, smart
watches, wireless earphone from 2012 to 2020, https://www.gal
lup.co.kr/gallupdb/reportContent.asp?seqNo=1134

[2] Seung-Hyun Kwon, Yue-Soon Choi, Soon-Ja Lim, and Suck-Tae
Joung, “An implementation of user exercise motion recognition
system using smartphone”, Journal of the Korea Academy
Industrial Cooperation Society, vol. 17, no. 10 pp. 396-402, 2016

[3] Yoo-jin Hong, Jo-ah Lee, Soo-young Hong, and Sang-kyu Lee,
“Design and implementation of safe-walking mobile application
using smartphone sensing data”, https://www.dbpia.co.kr/journa
I/articleDetail?nodeld=NODE(06602872

[4] Samsung, “What is S pen air actions?”, https://www.samsung.c
om/global/galaxy/what-is/air-actions/

[5] Samsung, “Galaxy watch3 45mm(Bluetooth)”,https://www.samsu
ng.cony/sec/wearables/galaxy-watch3-r840/SM-R840NZKAKOO/

[6] Apple, “Use raise to wake on your iPhone”, https://support.appl
e.com/ko-kr/HT208081

[7] Jong-Hwan Kim and Incheol Kim, “Design and implementation
of a two-phase activity recognition system using smartphone’s



54  Journal of The Korea Society of Computer and Information

accelerometers” Journal of the Korea Information Processing
Society, vol. 3, no. 2, pp. 87792, Feb. 2014

[8] Hyunju Cho, Sangchul Kim, Jinsuk Baek, and Paul S. Fisher,
Motion recognition with smart phone embedded 3-axis
accelerometer sensor, 2012 IEEE International Conference on
Systems, Man, and Cybernetics, pp. 919-924, Seoul, Korea,
October 2012

[9] Xian Wang, Paula Tarrio, Eduardo Metola, Ana M. Bernardos,
and Jos¢ R Casar, Gesture recognition using mobile phone’s
inertial sensors, Distributed Computing and Artificial Intelligence,
pp. 173-184, Salamanca, Spain, March 2012.

[10] Chunyu Xie, Shangzhen Luan, Hainan Wang, and Baochang
Zhang, Gesture recognition benchmark based on mobile phone,
Chinese Conference on Biometric Recognition, pp. 432-440,
Chengdu, China, October 2016.

[11] Yong Cheol Lee, and Chil Woo Lee, “Motion Recognition of
SmartPhone using Sensor Data,” Journal of Korea Multimedia
Society, vol. 17, no. 12, pp. 1437-1445, December 2014.

[12] Tsung-Ming Tai, Yun-Jie Jhang, Zhen-Wei Liao, Kai-Chung
Teng, and Wen-Jyi Hwang, “Sensor-based continuous hand
gesture recognition by long short-term memory,” IEEE sensors
letters, vol. 2, no. 3, pp. 1-4, September 2018.

[13] Yubo Shao, Tinghan Yang, He Wang, and Jianzhu Ma, “AirSign:
Smartphone Authentication by Signing in the Air,” Sensors, vol.
21, no. 1, 104, December 2020.

[14] Joao Prudeéncio, Ana Aguiar, and Daniel Lucani, Physical activity
recognition from smartphone embedded sensors, Iberian
Conference on Pattern Recognition and Image Analysis, pp.
863-872, Madeira, Portugal, June 2013.

[15] Alvina Anjum, and Muhammad U. Ilyas, Activity recognition

2013 IEEE
communications and networking conference, pp. 914-919,
Nevada, USA, January 2013.

[16] Muhammad Shoaib, Stephan Bosch, Ozlem Durmaz Incel, Hans

Scholten, and Paul J. M. Havinga, “Fusion of smartphone motion

using smartphone sensors, 10th  consumer

sensors for physical activity recognition,” Sensors, vol. 14, no.
6, pp. 10146-10176, 2014.

[17] Akram Bayat, Marc Pomplun, and Duc A. Tran, “A study on
human activity recognition using accelerometer data from
smartphones,” Procedia Computer Science, vol. 34, pp. 450-457,
2014.

[18] Xingfeng Wang, and Heecheol Kim, “Detecting User Activities
with the Accelerometer on Android Smartphones,” Journal of
Multimedia Information System, vol. 2, no. 2, pp. 233-240, 2015.

[19] Charissa Ann Ronao, Sung-Bae Cho, “Human activity recognition
with smartphone sensors using deep learning neural networks,”
Expert systems with applications, vol. 59, pp. 235-244, 2016.

[20] Amari Vaughn, Paul Biocco, Yang Liu, Mohd Anwar, Activity
detection and analysis using smartphone sensors, 2018 IEEE

International Conference on Information Reuse and Integration,
pp. 102-107, Salt Lake City, USA, July 2018.

[21] Robert-Andrei Voicu, Ciprian Dobre, Lidia Bajenaru, and
Radu-loan Ciobanu, “Human physical activity recognition using
smartphone sensors,” Sensors, vol. 19, no. 3, 458, 2019.

[22] Abdulrahman Alruban, Hind Alobaidi, Nathan Clarke, Fudong
Li, Physical activity recognition by utilising smartphone sensor
signals, 8th International Conference on Pattern Recognition
Applications and Methods, pp. 342-351, Prague, Czech republic,
February 2019.

[23] Nadeem Ahmed, Jahir Ibna Rafiq, and Md Rashedul Islam,
“Enhanced human activity recognition based on smartphone
sensor data using hybrid feature selection model,” Sensors, vol.
20, no. 1, 317, 2020.

[24] HK. Yang and H.S. Yong,“Real-time physical activity
recognition using tri-axis accelerometer of smart phone”, Journal
of Korea Multimedia Society, vol. 17, no. 4, pp. 506-513, 2014.

Authors
Eon-Ju Lee is currently majoring in Mobile
Engineering at Kyungpook National
University, Daegu, S. Korea. She is

interested in mobile application programming

and operating system.

Seung-Hui Ryou is currently majoring in
mobile engineering at Kyungpook National
University, Daegu, S. Korea. She is
interested in mobile application programming

and deep learning.

So-Yun Lee is currently majoring in mobile

engneering at Kyungpook National

University, Daegu, S. Korea. She is
interested in mobile application programming

and communication technologies.

Sung-Yoon Jeon is in B.S. degree course in

Electronic  engineering from  Kyungpook

S. Korea. He

Information

National University, Daegu,

= [ joined

o
. Laboratory at Kyungpook National
‘f

Intelligent System

University, Daegu, Korea, in 2019. He is interested in
mobile computing, network computing and artificial
intelligence.



Implementation of Rule-based Smartphone Motion Detection Systems 55

Eun-Hwa Park is currently majoring in
mobile engineering at Kyungpook National
University, Daegu, S. Korea. She is
interested in mobile applications, machine

learning and sensors. She wants to make

smartphone which has more convenient functions for people.
She studies hard and tries to apply her knowledge for this
goal.

Jung-Ha Hwang received his B.S. degree in
electronics  engineering from  Kyungpook
=) National University, S. Korea, in 2016. He
‘& " is interested in signal processing and its

application

Dr. Doo-Hyun Choi received his B.S. degree
in electronics engineering from Kyungpook
M National University (KNU), S. Korea, in
- 1991 and M.S. and PhD. degrees in

electrical and electronics engineering from

Pohang University of Science and Technology (Postech), S.
Korea, in 1993 and 1996, respectively. After graduating, he
joined to KNU as an assistant professor until Feb. 2000 and
he moved to Seoul National University (SNU) as an
assistant professor until Mar. 2003. He rejoined to KNU at
Mar. 2003 and now he’s managing “Intelligent information
systems laboratory” and a full professor at the university.
From 2012 to 2013, he spent his sabbatical at the
University of Florida, Gainesville, Florida, USA. His
research interest includes intelligent systems, soft computing

algorithms, signal processing and its application



