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Abstract Lack of exercise or excessive exercise would damage our body, so real-time human activity
recognition using smart-phones or wearable devices can keep people aware of their physical status and
contribute to proper exercise. However, most of existing high-precision activity recognition
algorithms cannot directly apply to smart-phones or wearable devices due to their high computational
cost and large storage request. Meanwhile, these algorithms cannot update recognition model
according to user behavior. We propose a time window based lightweight real-time activity recognition
method (EasiSports) which uses SVM to recognize five kinds of human activity status including
sitting, walking, running, walking upstairs and downstairs with one accelerate sensor and fair low
computational cost. Our method can set up personalized activity recognition model in many cases using
k-means clustering and preset data to further improve the accuracy and reduce computational cost.
Experiments show that our method can achieve an accuracy of 87.45% in recognizing five kinds of
human activity status above mentioned. The performance of our algorithm can improve more than

30% compared with other algorithms.
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Table 1 Comparison of Feature and Complexity of Several Algorithms

x1 BHEERABTEERFEESRELLR

Eigenvalues Our Method Reference [12] Reference [13] Reference [14]
Mean of Absolute Value N Ni
Mean Value N N N
Standard Deviation N N N N
Skewness N
Standard Deviation of Absolute Value N
Correlation Coefficient N/ N
SMA N/
Energy Spectral Density N N
FFT Coefficient <
Frequency Domain Entropy J
Supplement Use Other Sensors
Computational Complexity O(n) O?) o) O(n)

Note:“</” means the algorithm uses the eigenvalue as a feature.
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Table 2 Number of Windows in Datasets of Test Objects
F2 MWHBEENFONH

TL_‘M Walking Running Sitting Walking Walki-ng Total

Object Downstairs Upstairs
1 66 60 51 54 48 279
2 60 60 47 51 38 256
3 55 55 51 54 55 270
4 68 54 54 47 39 262
5 66 58 60 55 56 295
6 56 42 60 43 47 248
7 57 58 58 56 58 287
8 60 50 57 45 64 276
9 60 51 65 44 51 271
10 57 52 60 51 54 274

Total 605 540 563 500 510 2718

FAT1 & S W UE EasiSports ¥ & 45 8 (1 1851 o

B BATHE VR 10 A A i 1N B B £ S ik

Bl FE 9 ANAE N UINZREE » BEAT 10 728 UHIE

SRR R 76. 7400, A0 3 B AR 2 B R -

Table 3 The Accuracy of Our Algorithm in Multiple Cases
£3 ZHERTHERRMNEBE %

Lack of

Test . Preset .
Object Normal Personalize Personal Data Clustering
Data

1 68. 46 81.72 78. 14 75.62 71.33
2 79. 69 92.97 81. 64 80.47 76.56
3 87.50 95. 96 92.65 89.71 87.87
4 75.19 80.53 75.19 77.86 77.10
5 68. 14 82.37 78. 64 71.19 67.12
6 79.03 92.74 85.48 84.27 85. 89
7 65.16 76. 31 72.47 65. 85 65. 85
8 80.07 85.87 67.75 83.70 84.42
9 89.67 92.63 92.25 89. 30 89.67
10 74.45 93.43 72.26 72.99 73.36

Average 76.74 87.45 79. 65 79.10 77.92
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Fig. 2 The distribution of all five kinds of activity’s

features in the feature space

2 JTAT 5 Bz SlebR A R AR 7R REAE 23 1) v A 2 A

X 8 38 Ak 32 2l TR AR Y 1 [ R, R ATTAN filE
N NFFEMEAE S SVM 43 26 85 09 U1 2R 88 B %F 10
PSR G T 10 A NAE Sl R IR, A fif
AN NGB B UN AL U 52 56 6 52 45 B 38 B i, R fil 7
e B H ) 87. 45 %6 . 4Nk 3 BE A 3 B IR.

1 P A N H A i U SR g B A i g B0 L
WAz S ALBEBLEBE 5 A SOV N U2 808 . Al
FH % S R AEAE I 2511 SVM 4> 2 280 fig B F Il 5 5
T 1) A SR T AN A A R ATTO6F A A 00 4 X B2 1 A o
6 S FENLERE 5 A S IR EE . L T — %8 10
AN CH TR B ME R B S 45 R AN SR 3 4 4 B B BT
s AT 52 8 H T I SR8l (9 (8 4R 1 L 2 ST A A
PN RS AR T R 3 67. 7524,

N il PR A 7] L, FRATT ARG B RN i A
— S| LB L i 2 T I R R S B s B A
A RHIEAE. 7E 2 A AR A 25 [H] H AR S 10 A4S A
2718 35 S FRAE A 23 A0, 36 B8 40 A0 Bk %5 4 1 X3
b R Sy T O 3R A R A T X 4 Y R B
SRR AEAA BEALIERE 5 4 s AE A NI R0 R B
A NGB 5 /0 1 1 0. B30 45 6 1 100 I
SRBE A NN R R I R SVM B AL, B A

N T BTG AR U A g D30 03322 R S A5 7R g 1R
SRR S & BRI HEA B B = 2 79. 1024,

1 P A AT A U R B i I R
FEATAT LA SE TR 2 25 25 4 108 I Bl T A
iz B PN AR L R AT T A A D G 1) B R A2 Bl R
TEMHBERLEERE 5 A AT RIS AR R A R
FEFEAE 25 0] vh 538 SR S FR AR 2 56 o0 1 B 5
PR g 3 4832 SR 2 A H YRR AE 1 10 32 3RS R 5
GEATE I GBI 2 SVM B AL, Bl A AT A
BAEAE R SVM AR Y i I 5 5 B 0038 3% 4 ) A5 7Y
PR TR S 255 SR L S B TR A A B 77, 92.%4.

PR Ay I 3 5 T o AR SOOI 11 o A IS
A B RO 2 TR0 B 4 i BVR 19 1A 3l
fECHE R REBR 3 50 . nl LUKk EI) 96 %6 il 17 1) o o
R AR BRI T R A R I R S L SR
R PEE A RN I A A U T A R A% L Sk [13 ]
G TAG R A TR D48 T B AL E R
AU 5 F sl A I S5 4 R 8 B 95 26 1 T8 3 o 1 % L 7
4 N 3 5 R HERRE TR R 70%. 5 TAEAH
I, EasiSports fEAT R0 /N HACM. 2 1 X TR
[F) B30 1 R AR ) B985 R 2. 7E = B 19100g F-#lL
e FRAT A3 I SR R AR 4 20 Hz AT 50 Hz IR
[7i) 4 3k A B0 87 B ) 8 0 K030 (10 3 A i ). R AT B
BLEERE 30 ANHF [R]85 1 0 Bdle F 5 P (e, &/l 3 2
AN TR) B335 A 3 B A7 B5F ) 7 0 5000 )32 AT B ]

120
i S 20 Hz
100 50 Hz
E g0t
o
£
=
2 o
g
g0}
20 b

References[12] References[13]
Algorithm

Our Method

Fig. 3 Executing time per window for different

algorithms

PR3 AN [ 3 b BB 7 1 500 A B )

Kl 3 4~ EasiSports iz 17 B B O F SCHk[12-13 ]
L TR 20 Hz REESIA T , EasiSports U 5
B AT A AR Sk L 12 b i Bk s T 31 0%,
IR SCHRC13 ] PR3 e i 48. 2% 5 16 50 Hz R BRI %



B PR A b T ) 1 A % T I Bl R B

2739

T, EasiSports {51 8 3% 328 17 B [ 4 8 SCik [ 12 ]
R 53,100 SCHk 13 ] 3k iy 58. 7%, ATy
SR AE DR UE 55 o M B B A TR R L B AR TR R
JE . TRV o AR SCOR 3 T e R O 220K L S 50 rh 3R AT
FHLRHE RS 72 9% + D 48, &K B EasiSports g LA
452 e ) L) A R ST L )8 S UK A IR AL
B EasiSports 51k B A B A7 (1 5 I E.

FE 52 bR N 5 b SR 0 2 B R R e Rk
A 1Y B B AR bR 18 s R B BRI O B 4 6 T F
HLBk ik A B2 4 1) 2 3 43I s T AL AN AT 2 5
WE M TREITHRIAR, AEE MEHEXR
BB TL B A 70 A rh S B () B BRI R TR A A
Ja 2k CPU FINAE, ol LU T HAb D fg . 42
PEE 2 5 A IR 55 5 A, F- MLk m] o A 35 A% 5 i 3 4
P AL b | AR AR AR B % B8 M LAY 24 L Y R L B
5 % FL i B B2 AR D DAL IR R v A R R
EE T 2 AN EVRIE BB BIIR S SR R
FATTAE DR AE 55 i v B I A4 R BRI T R A A R
JE LR E T IRATHTE H .

AR SCHRE T — B T R BT A AR R SRS
SR EasiSports, {ff i 3 B 4% J8 4% B8 DL AL
INEITFEARAY SERERU AR B AT B AR RS LT R
B 5 ORI TR R AT B

EasiSports £ Z F i B T B4 @ 57 A~ iz sl
SRR, 78 F P R At e R I B i1 0 L SR
BIMERG LA F) 87. 45 %0 el P A BT,
R FH 00 S R R 2 O v L A R A B A v 1 R o
T .

FAIEA# =2 19100g FH A9 Android 5 T
TR T —FR BB % R APP, i 4 Bk . GBS
LR PE SR A B 2 s g5 — RN 45 R
) B AT ER AL R T — KT S s AL N 5 B
N TE AT ZEER A bR R AE TRl R i 4.0
A — BLEF ] RR AR 25 R ki 45 F0L. 2 F AL b2
ST VU AR S 2 U0 25 B L DT i 3R T 10 B R 1R
FHF Rl 2R 8 2% Jr B P (6 . B Rr AR AR (A T 55 A
WP TR R 2 58 . FRATT L IE AR R A DG B RS
37 3517 Android &% ik AR % .

H A SR R A AR — SR 43 S 56 X 4 1
TIREBRARS R ARG b 5 AT B EOIRAS X A I
K o Ay BE I JE S TAR#E— P s B AT 1 5k

(1]

(2]

(3]

[4]

DLHIZzN %235
OB {G R B SR -1.139 m/s2
DRGSR By 46 1118.497 m/s2
OB {6 MR8z SR 4. 879 m/s2

FHQIEEN

ISR

ZapphEiRBIRIRSEIE :
13517 21858 343 TR 5 L1418

EE2DENRE S

F17

AN

Fig. 4 The prototype of our real time activity

recognition APP

K4 simbiz sl 5l 2 APP

Fig. 5

2 % x #

Our wearable activity recognition device

5w ar s s i

Li Sen. Sedentary is pathogenic and deadly [ J]. Medicine and
Health Care, 2012, 20(5): 50-51 (in Chinese)
(R KB X8l B2 5 RE, 2012, 20(5): 50—

51)

Seyed A H, Alexander G, Rahim T.

A survey on

smartphone*based systems for opportunistic user context

recognition [ J]. ACM Computing Surveys, 2013, 45(3):

Article No. 27

Song Lei, Wang Yongcai,

Yang Jijiang, et al.

Health

sensing by wearable sensors and mobile phones: A survey
[C] [/Proc of the 15th IEEE Int Conf on e-Health
Networking, Applications &. Services ( HealthCom 2013).

Piscataway, NJ: IEEE, 2013: 453-459

Mathie M J, Coster A CF, Lovell I N H, et al. Detection of

daily physical activities using a triaxial accelerometer [J].

Medical & Biological Engineering &. Computing, 2003, 41

(3): 296-301

Chung Wanyoung, Purwar A, Sharma A. Frequency domain

approach for activity classification using accelerometer [C]
/[|Proc of the 30th IEEE Annual Int Conf on Engineering in
Medicine and Biology Society (EMBS 2008). Piscataway,
NJ: IEEE, 2008. 1120-1123



2740

HENIE S &R 2017, 54(12)

[6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Zhang Ting, Tang Wenlong, Sazonov E S. Classification of
posture and activities by using decision trees [ C]//Proc of the
2012 IEEE Annual Int Conf on Engineering in Medicine and
Biology Society ( EMBC 2012). NJ. IEEE.
2012: 4353-4356

Piscataway,

Tang Wenlong, Sazonov E S, Highly accurate recognition of
human postures and activities through classification with
rejection [J]. IEEE Journal of Biomedical and Health
Informatics, 2014, 18(1): 309-315

Zhan Kai, Faux S, Ramos F. Multi-scale conditional random
fields for first-person activity recognition [C] //Proc of the
12th IEEE Int Conf on Pervasive Computing and Communica-
tions (PerCom 2014). Piscataway, NJ: IEEE, 2014:51-59
Kaghyan S, Sarukhanyan H. Accelerometer and GPS sensor
combination based system for human activity recognition [ C]
//Proc of the 5th IEEE Conf on Computer Science and
Information Technologies (CSIT 2013).
IEEE, 2013: 1-9

Piscataway, NJ:

Wu Jiankang., Dong Liang, Xiao Wendong. Real-Time

physical activity classification and tracking using wearble
sensors | C] //Proc of the 6th IEEE Int Conf on Information,
Communications &. Signal C ICICS 2007 ).

Piscataway, NJ: IEEE, 2007. 1-6

Processing

El-Gohary M, Holmstrom L, Huisinga J, et al. Upper limb
joint angle tracking with inertial sensors [C]//Proc of the
2011 IEEE Annual Int Conf on Engineering in Medicine and
Biology Society ( EMBC 2011). NJ: IEEE,
2011: 5629-5632

Piscataway,

Duarte F, Lourenco A, Abrantes A. Activity classification
using a smartphone [ C] //Proc of the 15th IEEE Int Conf on
e-Health Networking, Applications &. Services (HealthCom
2013). Piscataway. NJ: IEEE, 2013; 549-553

Anjum A,Ilyas M U. Activity recognition using smartphone
sensors [C] //Proc of the 10th IEEE Conf on Consumer
Networking ( CCNC 2013 ).
Piscataway, NJ: IEEE, 2013: 914-919

Shoaib M, Scholten H, Havinga, P J] M. Towards physical

Communications  and

activity recognition using smartphone sensors [C] //Proc of
the 10th IEEE Int Conf on Ubiquitous Intelligence &
Computing and the 10th IEEE Int Conf on Autonomic &
Trusted Computing. Piscataway, NJ. IEEE, 2013. 80-87

Xu Chuanlong. triaxial

Activity recognition based on

accelerometer [D]. Hangzhou: College of Information
Engineering, Zhejiang University of Technology, 2013 (in
Chinese)

G . e F = 2 o kB A% J2% 28 19 N AR AT S U LD, #t
M WL Tk R {5 B LB, 2013)

Preece S J, Goulermas ] Y., Kenney L P J, et al. A

comparison of feature extraction methods for the

classification of dynamic activities from accelerometer data
[J]. IEEE Trans on Biomedical Engineering, 2009, 56(3):
871-879

[17]

[18]

[19]

[20]

(21]

=

Myong W L, Khan A M, Ji H K, et al. A single tri-axial
accelerometer-based real-time personal life log system capable
of activity classification and exercise information generation
[C] //Proc of the 2010 IEEE Annual Int Conf on Engineering
in Medicine and Biology Society (EMBC 2010). Piscataway,
NJ: IEEE, 2010: 1390-1393

Gyllensten I C, Bonomi A G. Identifying types of physical
activity with a single accelerometer: Evaluating laboratory-
life [J]. IEEE Trans on
Biomedical Engineering, 2011, 58(9): 2656-2663

Gomes ] B, Krishnaswamy S, Gaber M M, et al. MARS: A

trained algorithms in daily

personalised mobile activity recognition system [ C] //Proc of
the 13th IEEE Int Conf on Mobile Data Management
(MDM'12). Piscataway, NJ: IEEE, 2012. 316-319

Xu Sun, Kashima H, Ueda N. Large-scale personalized
human activity recognition using online multitask learning
0.
2013, 25(11): 2551-2563

Lin Zhiren. LIBSVM [OL]. [2014-07-01]. http://www.

IEEE Trans on Knowledge and Data Engineering,

csie. ntu. edu. tw/~cjlin/libsvm/ (in Chinese)

(HRE (. LIBSVM [OL]. [2014-07-01]. http://www. csie.
ntu. edu. tw/~cjlin/libsvm/)

Dong Lihua, born in 1990. Master. His

main research interests include smart

wearable devices, and Internet of things.

Liu Qiang, born in 1971. PhD and associate
professor. Senior member of CCF. His main
research interests include wireless sensor
networks, wearable devices and system,
smart detection technology and short-range
wireless communication technology (liugiang

@ict. ac. cn).

Chen Haiming, born in 1981. PhD,

associate professor now at the Department

N
9

of Computer Science., Ningbo University.

Member of CCF, IEEE and ACM. His

(o

main research interests include wireless,

adhoc and sensor networks, and Internet

of things (chenhaiming@ict. ac. cn).

Cui Li, born in 1962. PhD, professor and
PhD supervisor. Senior member of CCF.
Her main research interests include sensor
technology, wireless sensor networks and

Internet of things.



