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Implementation of Deep Learning-Based Motion Classification
System for IoT Device Control in Ultrasonic Sound Environments
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ABSTRACT

There are lots of IoT devices control methods using speech recognition or gesture recognition. In this paper,
we propose a new gesture recognition method to control IoT devices using deep-learning technique. In the
proposed method, we generate ultrasonic sound signals between speaker and microphone. During the generation
of a sinusoidal wave signal, we can obtain a 2-dimension frequency-time domain data which captures doppler
effect in accordance to specific gesture. In our system, we classify five different gestures using convolutional
neural network (CNN). The classification index that is obtained by CNN is transmitted to the remote side
raspberry pi device using MQTT protocol. The raspberry pi can control the IoT devices by the received data.
Simulation results show that we can obtain the high classification accuracy for gestures and also can effectively

control the IoT devices using gestures.
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Table 1. Simulation Parameters
Simulation Parameters Values
Generated Signal cosine wave
Generated Frequency 22,000Hz
Sample Rate 45,056
Overlapped Ratio 80%
Period 2s
Training Data 6,400
Validation Data 1,600
Test Data 1,600
Total Data 10,000
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else
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Turn off White LED
elif value = ‘27
if Yellow LED = 0
Yellow LED =1
Turn on Yellow LED
else
Yellow LED =0
Turn off Yellow LED
elif value = ‘37
ifFan =0
Fan=1
Turn on Fan
else Fan= 1
Fan =0
Turn off Fan
elif value = ‘4>
if Servo-Motor =0
Servo-Motor = 1
Close Door
else Servo-Motor = 1
Servo-Motor =0
Open Door
Default : Do Nothing

Until Raspberry Pi close
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Fig. 7. Raspberry Pi Pseudo Code
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Table 2. Gesture Classification Precision, Recall, F-1
measure, Accuracy

Precision Recall F-1 Accuracy
CNN 0.98 0.98 98.2 0.98
SVM 0.75 0.71 0.69 0.70
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Fig. 10. First Convolution Filter Output for Gesture (a)
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Table 3. Gesture Type Accuracy of Convolutional
Neural Network

Gesture | Gesture | Gesture | Gesture | Gesture
1 2 3 4 5
Gesture 1| 0.990 | 0.007 | 0.002 0 0
Gesture 2 0 0.98 0.002 | 0.012 | 0.005
Gesture 3 0 0.035 0.965 0 0
Gesture 4 0 0.005 0 0.987 | 0.007
Gesture 5 0 0 0 0.007 0.99
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Table 4. Gesture Type Accuracy of Support Vector
Machine

Gesture | Gesture | Gesture | Gesture | Gesture
1 2 3 4 5
Gesture 1| 0.592 0.292 0.027 0.032 0.055
Gesture 2 0 0.982 0 0 0.017
Gesture 3| 0.135 0 0.840 | 0.005 0.02
Gesture 4| 0.015 0.412 0 0.330 | 0.242
Gesture 5| 0.01 0 0.18 0.005 0.802
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