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Abstract

Internet of Things (IoT) is widely used for biomechanics in sports activities and AHRS(Attitude and

Heading Reference System) is a more cost effective solution than conventional high-grade IMUs

(Inertial Measurement Units) that only integrate gyroscopes. In this paper, we attach the AHRS to the

snowboard to measure the motion data like Air To Fakie, Caballerial and Free Style. In order to

reduce the measurement error, we have adopted the sensors equipped with Kalman filtering and also

used Euler angle to quaternion conversion to reduce the Gimbal-lock effect. We have tested and

evaluated the accuracy and execution time of the pattern recognition algorithms like PCA, ICA, LDA,

SVM to show the recognition possibility of it on the basic motions of Snowboarding from the 9-axis

trajectory information which is gathered from AHRS sensor. With the result, PCA, ICA have low

accuracy, but SVM have good accuracy to use for recognition of basic motions of Snowboarding.
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[I. Measurement System
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Fig. 1. System Configuration
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Fig. 3. Measurement System of Basic Motion for Snowboarding

2.2 Basics Motions of Snowboarding
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Fig. 4. Measurement of Air To Fakie
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Fig. 5. Measurement of Caballerial
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Fig. 6. Measurement of Free Style
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Simulation with R=0.0001
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Fig. 7. Kalman Filtering of x—axis for Air To Fakie

Simulation with R=0.0001
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Fig. 8. Kalman Filtering of y—axis for Air To Fakie
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Fig. 9. Kalman Filtering of z—axis for Air To Fakie

2.3 Cross Correlation
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Fig. 10. Cross Correlation of Air To Fakie
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[1l. Pattern Recognition
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3.4 SVM(Support Vector Machine)
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IV. Measurement Experiment of Basic
Motions of Snowboarding

4o,
lo,
Ay
N
=2
>
:L

o

4.1 Experimental Condition
25R1Y 712 & S4S 99 AFS-g AHRS sh=g9],

e

PR w0 wolx BE 23S T 1o drhileh
Table 1. Hardware Specification
Item Value
Attitude & ’ rQIIi .71 80 ~ +180 deg
Headin « pitch: =90 ~ +90 deg
& -yaw: —180 ~ +180 deg
Gyroscope - Measurement range: —2000 ~ +2000 dps
Accelerometer | - Measurement range: -16 ~ +16 g
Magnetometer | + Measurement range: —1200 ~ +1200 uT
Bluetooth - GSR BC4TT
- Bluetooth Specification v2.0 + EDR
Base Board - Arduino UNO
ZuE dlo]eAEd] PCA, ICA, LDA, SVM9] &arg]&9]

T

A2 AolHE =E37] 913, 1089 Akl A 2 E‘% 7]»
2 1034 W] A4 dlolHE FS5ea
A AREE 2% ol AA & BS-(DATAD S 2% H?L %
3 A9-(DATAR)Q] F 714 Hlo|E] HEZS |5t 60%=
AL o T 40%E HAEROR AR

_4_,

F{Oi' o AN 7

4.2 Results of Accuracy and Processing Time
ICA, LDA, SVM, PCAZFe] 214 Zolde =&3}7] 93 |

olEJMEol| djFl] AXES e Ayt X 29 2o Fig
110 YeRf ATt
Table 2. The Accuracy of Basic Motion Dataset
Dataset DATA1 (%) DATA2 (%)
ICA 37.5 37.5
LDA 93.8 93.8
SWM 100 100
PCA 37.5 37.5

PCA, ICAE A7} Wojx|&= whi

oS 958 ABES wola vk,

LDAE 5, SVM2

Accuracy (%) vs. Datasets

1006 °
—e—ICA
y © | —e—LDA
=0 —e— LIBSVM
PCA
80
70
T 60
Iy
® S0F
s
3
g
g wof
30
20
10
i j
DATA1 DATA2

Datasets

Fig. 11. The Accuracy of Basic Motion Dataset for Snowboarding

ot
i
>,
)

2 SVM, PCAZ} 7V w2, ICAZF 71 Al te]
& & o UrKFig. 12).

Training Time (msf/img) vs. Datasets

. S —————

0 )
DATA1 DATA2
Datasets

Fig. 12. The Training Time of Basic Motion Dataset for
Snowboarding



88 Journal of The Korea Society of Computer and Information

B ~EA 7 SVMe] 7Hg w231 LDA, ICA =019 PCA
9| 75 A ARte] A om gl Al e & 5 Al

(Fig. 13).

Testing Time (ms/img) vs. Datasets
09
—e—ICA
—e— DA

081 —e— LIBSVM
e— PCA

0.7+

0.6+

Testing Time (ms/img)

0 )
DATA1 DATA2
Datasets

Fig. 13. The Testing Time of Basic Motion Dataset for Snowboarding
LDAE HoJHAEZ} A & &

3l
A%l Q4 go] A Ug 5 om SVME o #7713
; |

2 F57] gigel] kel 7Iuks FA ek 2 Q14

nqm ot
to & i

2:HYS 98 AAAE AL 9 o8 AHE =714
o2 AMgEA grighE SVM RuFo] Anny /2 B3
Q140 Ahgo] Thsaiths A wol

N

V. Conclusions
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