586

FRASGI=EA  LxEY ] B S& A 41 A A 8 5(2014.8)

sulEEd dolgls A4 AT £
Aelgt AAIZE P9 2 AAQJA 7)Y
(Real-time Activity and Posture Recognition with
Combined Acceleration Sensor Data from
Smartphone and Wearable Device)

O|§g+ OI has

(Hosung Lee) (Sungyoung Lee)

I~

lo oo
il 2 o

2 o A2 1% AN AHE 2uEEH ol tulels s&e] Rzigel wel o)s)
TEE A 2 BFD Jlgel A FReR Aok A1 B A%
& EAee R, ANAAE FAS €2 Wsht A4 W) valE waas
“ent o) B RSl RS @A mean A B8 Fs 9l A% s 1 A
@ AR, ol ¥ ERAME A2 R2AE AnEEs dol ol
A mRSI Aztol 2 RS FH AEA B B AAA AE 2eiE
94 Do) 2 B8 AL AL, 2SR olel A4 HolHE P
A £837) A% AA PHe AAST 2k AT AAY £, £ 9P AE 542 FgHo= B
T=

o
o 1
L]
A

s

fr e
do
e X

by

olr

m[o

gslel A7 2ug PEAL. o) AN A2 E}w WA, BE8 27, 6719 2ol wek b
@ A% AY) 90, FALss 2o AN AR DT, 49 A% A M) A e
He QzaRs A4 BAGAS AEL B 1 B8 AL MG,

AHE: BYAA, AHAA, 20 EE, olg B 4K

Abstract The next generation mobile computing technology is recently attracting attention that
smartphone and wearable device imbedded with various sensors are being deployed in the world.
Existing activity and posture recognition research can be divided into two different ways considering
feature of one’s movement. While activity recognition focuses on catching distinct pattern according
to continuous movement, posture recognition focuses on sudden change of posture and body orien—
tation. There is a lack of research constructing a system mixing two separate patterns which could
be applied in real world. In this paper, we propose a method to use both smartphone and wearable
device to recognize activity and posture in the same time. To use smartphone and wearable sensor
data together, we designed a pre-processing method and constructed recognition model mixing signal
vector magnitude and orientation pattern features of vertical and horizontal. We considered cycling,
fast/slow walking and running activities, and postures such as standing, sitting, and laying down. We
confirmed the performance and validity by experiment, and proved the feasibility in real world.
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Fig. 1 Activity and Posture recognition structure with combined smartphone and wearable
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Smartphone Wearable Device
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Model Samsung Galaxy S3 Wireless Sensor
Android 4.1.2 -
oS (Jelly bean) liny0S
CPU Samsung Exynos 4412 MSP430
(MCU) Quad Core A9 Microcontroller
Memory 1GB DDR2 10KB
Using LSM330DLC MMA7361
sensor (3D Acclerometer) (3D Accelerometer)
Fast Fourier Transform Result
0.025 . . . :
—&— Vehicle
—+— Standing
—e— Sitting
oo2f

0.015F

Magnitude

0.01F

0.005

Frequency
Z 7R AAMY s & 243D # FFTE o83

Fig. 11 Signal pattern confusion problem of smartphone acceleration sensor data according to each posture and

32 W)

vehicle(Left) and The method for solving the problems
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Fig. 12 Application for sample data collection
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Table 2 The sample data for experiment

. Samples
Activity and Posture (1 sample :D 150 raws)

Walking (Fast) 1,190
Walking (Slow) 1,360
Running (Fast) 1,005
Running (Slow) 905
Cycling 1,080
Standing 990
Sitting 1,110
Lie down 1,410
Vehicle 945

E 3 MEE A4 delE Ay 57

Table 3 The features from combined acceleration data

Component Features
5-Linear Prediction Coefficients(LPC)
Vertical 1-LPC Error
3-Standard Deviation
1-Zero Crossing Rate
Horizontal 1-Correlation between two Signal
1-Correlation FFT
Original 1-Signal Yector Magnitude
Acceleration 1-Correlation between XY, Z
1-Correlation FFT

Agitt e 99} AAE Al AAEE V&L
A ATEL HF dojelE TiulelxE tide
o]FojH 7] wWZol[2610] E AFAA Al&ste AE
golHE o83t TS oA ZHFHZA uvlwrt
ot o]H o|fE B AFIAM= V&Y LnEE Ut
&% A ZHE Signal Vector MagnitudeS ©]-&3F
A7), ®7], BA, AB8FEES AASe A% AF11]¢
2 AFdA Atete 3 dlolElE 7Nlez ZHY)e}h
H0719 A=, AA 2 FHHoE AHdA PFE A
RS " A% B3 o7l FrHoR A7
271, FAU7] A} wFFT JAAE Fhe P ¢
ZAARIA ATE B33 11 %S vl BAS
AYE SJste] HEAY wlolgrtold =5¢ WEKA
E 0|83l v BERF dag]Eol] tiske] 10-fold
Cross ValidationS 33ttt A 2188 &3 7}
&% AlA dlolE] Wk 54L& ¥ 37 2T
4.3 Ms oI Aot
A A7 o & 49 22 ZARE A Alkete
Wy A8 A5 =5 Support Vector Machine ¥+
2EEQ SMOA 7 £& FE=E =AU A
s 7IWo] T 9249%9 FF=E Hl Whd, 7]
& A7 7Y

4 ko

fr

™ e m&j

< H 8886%F EHth Add Aol o



slEED olel B TS AN

F 4 Adske 7l dE £/ SanFE 45(%)

Table 4 Accuracy comparison of each classifier
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Table 6 Confusion matrix of past researcher’s algorithm
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Result of Classification

Classifier Past Proposed Activity Walking Running Stay Vehicle
SMO 91.88 94.89 Walking 0.947598 | 0.052402 0 0
NBTree 86.35 93.94 Running 0.110787 | 0.880466 0 0.008746
J48 90.28 91.22 Stay 0.04 0 0.706667 | 0.253333
BayesNet 88.57 92.48 Vehicle 0.129412 | 0.094118 | 0.035294 | 0.741176
NaiveBayes 87.24 89.90
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Fig. 13 Accuracy comparison of each classifier B L
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Table 5 Confusion matrix of proposed algorithm
Walking(Fast) | 0.970588 | 0.029412 0 0 0 0 0 0 0
Walking (Slow) 0 1 0 0 0 0 0 0 0
Running(Fast) 0 0.074627 | 0.910448 | 0.014925 0 0 0 0 0
Running(Slow) 0 0 0 1 0 0 0 0 0
Cycling 0.069444 0 0.009259 0 0.912037 0.009259 0 0 0
Standing 0 0 0 0 0 1 0 0 0
Sitting 0 0 0 0 0 0 0.6 0.4 0
Lie down 0 0 0 0 0 0.003546 0 0.996454 0
Vehicle 0 0 0 0 0 0.047619 0.021164 0 0.931217
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Table 7 Scenario for real-time experiment L3 AR HPHo] zkE SIS BAsta o]lE
o . Duration A S| At stHTh Zzte] MAMERE S 37 5
No. Guideline for activity and posture .
(min) 3 A% de ERHow Fesel 54 Hue 2
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it still on the chair
Az el 7 A5z A)
3 | Standing up from the chair and keep it 2 . AR a3k A<tst X el - EE} e
< 5] A = B3
4 | Go out and walking (4~5km/h) 5 d ‘*ﬁ* A BB AT HEES T L
5 | Go straight ahead (5~6km/h) 3 g8 7S R FFole A4 oa v Aes
6 | Cycling on the track (16~18km/h) 3 Hole AAIQIAS} nESF g QX s REo]
7 | Running on the track (8~10km/h) 3 Q7Y e Algxle] P9Uh AMmn ole}l 9%
8 Runn'ing fast on the track (12~14km/h) 1 ARE 3y FLsld A& EAHN AIAE
9 \{Valkmg-on the track (4~5km/h) 5 oA Fbsar A7 e7Ed
10 | Stand still 3
11 | Walking on the track (4~5km/h) 4 References
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Fig. 14 Result of real-time experiment
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