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(Machine learning-based Multi-modal Sensing
IoT Platform Resource Management)
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(Seongchan Lee, Nakmyoung Sung, Seokjun Lee, Jaeseok Jun)

Abstract : In this paper, we propose a machine learning-based method for supporting resource management of IoT

software platforms in a multi-modal sensing scenario.

We assume that an IoT device installed with a

oneM2M-compatible software platform is connected with various sensors such as PIR, sound, dust, ambient light,

ultrasonic, accelerometer, through different embedded system interfaces such as general purpose input output (GPIO),

12C, SPI, USB. Based on a collected dataset including CPU usage and user-defined priority, a machine learning model

is trained to estimate the level of nice value required to adjust according to the resource usage patterns. The proposed

method is validated by comparing with a rule-based control strategy, showing its practical capability in a multi-modal

sensing scenario of IoT devices.

Keywords : Machine learning, Multi-modal sensing, IoT platform, Resource management, oneM2M standard
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Table 3. Sensor communication protocols

Sensor Protocol
Dust (PMSA003) USB (UART coversion)
Accelerometer (MPU-6050) 12C

Ultrasonic_1

{ Dust sensor |TAS|\ rl nCube I‘
{ AccelerometerITAS}‘ USB

12,
e [o

TAS | Ultrasonic_2 >

Analog Ambient Light (DFR0026) SPI

Sound (LM386) GPIO (interrupt)
PIR_1 (HC-SR501) GPIO (interrupt)
PIR_2 (HC-SR501) GPIO (interrupt)

PIR_1 TAS| | Jetson Nano | TAS| Uttrasonic 4 )

21, MM AlLZ|2
Fig. 1. Sensing scenario

Ultrasonic_1 (HC-SR04) GPIO
Ultrasonic_2 (HC-SR04) GPIO
Ultrasonic_3 (HC-SR04) GPIO
Ultrasonic_4 (HC-SR04) GPIO

2 4. Y MAMel xHo|H
Table 4. Differences between the same sensors

Jetson Nano
Sensor Sensing and upload method
PIR_1 Sensing every 5 seconds
(HC-SR501) and uploading to the server upon detection
PIR_2 Sensing every 200 seconds
2 (HC-SR501) and uploading to the server upon detection
- Ultrasonic_1 Sensing and sending
| Ultrasonic_2 | (HC-SR04) to server every 5 seconds
Ultrasonic_2 Sensing every 5 seconds and sending 5
measurement results to the server
(HC-SR04)
= when accumulated
Ultrasonic_3 ” Ultrasonic_4 | . Upload it to the server every 5 seconds
Ultrasonic_3 .
(HC-SRO4) If the measured value differs by 2 cm or
more, the data is updated.
Analog Ambient Light | Ultrasonic 4 Upload it to the server every 5 seconds
(HC*SRO47) If the measured value differs by 5 cm or
more, the data is updated.

Ozl 2. A AlLZ|2 78
Fig. 2. Sensing scenario implementation
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Table 5. Priority of measuring sensors

Sensor Scenario Priority
Dust (PMSA003) 3, Low
Accelerometer (MPU-6050) 2, Normal
Analog Ambient Light (DFR0026) 3, Low
Sound (LM386) 0, Very High
PIR_1 (HC-SR501) 4, Very Low
PIR_2 (HC-SR501) 4, Very Low
Ultrasonic_1 (HC-SR04) 2, Normal
Ultrasonic_2 (HC-SR04) 1, High
Ultrasonic_3 (HC-SR04) 1, High

( ) 0

Ultrasonic_4 (HC-SR04 , Very High
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Table 6. System resource collection category

Title Descriptions

COMM Command name

TIME Process resource check time
(YY.MM.DD-T-HH.MM.SS)

PID Process ID

PCPU Cpu utilization [%]

PRI Priority of the process

NI Nice value

T ] =25 EAM MO

Table 7. Descriptions of extracted features

Feature Descriptions

PCPU Cpu utilization [%]

ALL_PCPU Sum of PCPU of all sensor processes
PRI Priority of the process

S_PRI Scenario Priority of the process

TAS Z2ZAH 29 nice value 24 # 58S $g HAY
g mdlo]l EAS PCPU, A AlA Z2Z A2 PCPUS &
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Table 8. Performance comparison among machine learning
algorithms

Method Precision Recall F1-score
ExtraTreesClassifier 0.998 0.999 0.998
SVM (SVC) 0.991 0.981 0.986
RandomForestClassifier | 0.949 0.949 0.949
KNeighborsClassifier 0.897 0.89 0.896

E 9 10-2= WX #AS MEe| 25 WE 2

Table 9. Confusion matrix results of 10-fold cross-validation

Accelerometer (MPU-6050) Sound (LM386)

- 796 1 0 - 2018 2

0

True label
2
N
True label

3
o

3

i 2 3 i 2
Predicted label Predicted label

Ultrasonic_3 (HC-SR04) Ultrasonic_4 (HC-SR04)

«796 1 0 0 " 66 0 o0 0
— I | 0 0
8o~ 2 1313 0 0 H @

° ™ 0 1199 2 0
=]

E>- 0 2 B ° e 0 0 2 880 1

~0 o0 1 P ~0 0 0 3

4 : 6 7 3 7

5 6 7
Predicted label Predlcted Iabel

E 10 Hlw MY 21t

Table 10. Comparative experiment results

Nice value control method

Machine learning If then rule

Number of failure

- Semser—____|

Accelerometer 3 7
Sound 1 2
Ultrasonic_3 27 45
Ultrasonic_4 21 39
Sum 52 93
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