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ABSTRACT

As IT technology grows, wearable devices and Internet of Things devices are increasing, and they are
becoming more common for people. As devices get smaller and smaller in size for portability, it is becoming
increasingly difficult to control using general buttons or touches. To solve this problem, studies are being
conducted on a new interface that controls a device by recognizing human motion. In this paper, we present a
method of classifying hand gestures with only the microphone and speaker in the smart phone, and
accelerometer built into the smart watch without using an additional sensor. We propose a method to increase

the accuracy of hand gesture classification by fusion of acceleration data and ultrasound data. According to the
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fusion operation, it is classified into Max, Add,

and Concat models. These fusion models improved

classification accuracy compared to models that train only one part of the data. The Concat model, which is

the best performing model showed 90.0% classification in 10 patterns, this classification accuracy is improved

by 5.8% compared to the model trained using only acceleration data and 16.4% compared to the model using

only ultrasound data.
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Fig. 10. Data collection environment

4.2 Hjo|E{Al

gk Sfeel hallA] 503] A EEEbE At &
715 dlole] 50070, =53} dlele] 500705 itk
kel wliz, Bl =g & o] 7R dlolE] e}
Z59} dlo[eE 2Eo] ALggi) 7+ diEl 3 dlo]e] 9]

Nee & 13 2ot

P3 50 50
P4 50 50
P5 50 50
P6 50 50
P7 50 50
P8 50 50
P9 50 50
P10 50 50
Total 500 500

4.3 2 H©I}

£ =iollde 2o Aol izt AZEE o)
7] ¢J3}e] k-fold cross validation 7]H%3 AHg-3ich
o] 7L dloJeld] F7F A& uf dloJelAle kW=
U F ki 9k Ssssle] s vl digk Age
£ o] uhHolt}. $-2]& 5-fold cross validation=
gg3te] Hrlo itk A= s E=9ch

B =FolA=  precision, recall, Fl-score,
accuracy 5 THFRE W7PEE &8sl ndS
7hslsdel. 1 Ade & 29} Zc) g 2dlef| thEiA
7y A5 7R B 1-2% ATl 2fel7| v
YA, mdl o] Hjoli= reiA BT St & F
o] delert gFl= 7T 2l 255 By
Hrp & =ellA AR Al 7] 5% REE A
ol o T2 Z& AT 4= gk 2 FolA = fully
connected®] ZA¥E I4iF= Maxe} Add ZdHET}
CNNZ£ o[o] o34 353} Concat Rdo] o] £
Aes HolErh 5 ARt A 84.2%, 73.6%
Ql 7HE, 259} o] nlalA, Concat Hle] -
T A% 90.0%2 7t 2R} 58%, 164% A
| F4=]3dek

Sl 7 2 W AREE FAHOR oli

(o]

2. % wde] 45 vl
ble 2. The performance comparison of each model

o H

Single models Fusion models

1. 2 el ARsE dlole] s
Table 1. Number of the used to train models Accel | Sound | Max Add | Concat
Pattern Number of Number of Precision | 84.3% | 74.8% | 87.5% | 87.9% | 90.3%
Acceleration Data Sound Data Recall 83.6% | 749% | 87.0% | 87.6% | 90.0%
P1 50 50 Fl-score | 82.9% | 72.6% | 86.7% | 87.1% | 89.7%
P2 50 50 Accuracy | 84.2% | 73.6% | 87.0% | 87.4% | 90.0%
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Pl P2 P3 P4 P5 P6 P7 P8 P9 PO

r o8
P3 |0.00 0.00 0.82 016 000 0.02 000 000 000 000

P4 000 002 012 082 004 000 000 000 000 000
P5 | 0.00 0.04 0.00 0.00 050 0.00 0.04 0.00 0.02 0.00 | B
P6 | 0.00 002 002 004 010 068 004 000 008 002
r 04
P8 |0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.6 0.00 0.00
PS | 0.04 0.04 0.04 000 0.02 0.08 0.02 0.00 070 0.06

P10 | 002 000 000 000 000 000 000 000 006 0952

=
Fig.

. 7% 29le] confusion matrix
. Confusion matrix of Acceleration model

Pl P2 P3 P4 P5 P6 P7T PE P9 PIO

P1 /050 002 000 000 000 000 000 000 000 008
P1|000 076 004 000 010 004 002 0.00 004 000
P3 000 004 0582 002 000 000 000 002 000 000 =
P4 1002 008 010 050 000 0.14 006 000 010 0.00
P5|000 008 000 000 060 000 004 024 002 002 B
P6 000 002 004 002 002 084 002 000 004 000
P7 /004 006 000 006 000 002 074 004 004 000 N
P8 004 002 004 000 028 000 000 060 000 002
P9 | 000 008 000 0.08 002 006 004 000 068 004

P10 | 006 002 000 000 002 000 002 000 006 0.82

O8] 12, 283} 299 confusion matrix
Fig. 12. Confusion matrix of Ultrasound model

P1 P2 P3 P4 P5 P6 P7 P8 P9 PIO

P1]092 000 000 000 000 000 000 002 000 006 B
P2 /000 092 000 004 002 000 000 000 002 000
P3 000 000 09 000 000 002 002 000 000 000 [
P4 000 004 002 090 000 000 004 000 000 000
P510.00 0.02 0.00 000 096 0.00 0.00 000 002 0.00 | B
P6 | 0.00 0.02 0.02 000 002 0.88 0.00 000 006 0.00
P7 /000 000 004 006 002 000 082 000 004 002 |
Pg | 0.00 0.00 000 000 000 000 002 098 000 000
L4 o2
P9 | 0.00 0.04 000 000 000 012 002 000 078 004 o
P10 | 002 0.00 000 000 000 002 000 002 006 088
— 0

2l 13, Algksh= Concat 99| confusion matrix
Fig. 13. Confusion matrix of proposed Concat model

Accel EEEE Sound 1 Max 0 Add BEEEE Concat HEEEE
1 T T T T T T T T T

09 - M l

08 |

07 |

06 1 1

Accuracy for gach pattern

P1 P2 P3 P4 P5 P6 P7 Pg P9

Pattern

a8 14, 2 AR O e A wde] R AsE
Fig. 14. Classification accuracy of five models for each
pattern
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