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[Abstract]

Localization systems can be used with various circumstances like measuring population movement and
rescue technology, even in security technology (like infiltration detection system). Vision sensors such as
camera often used for localization is susceptible with light and temperature, and can cause invasion of
privacy. In this paper, we used ultra-wideband radar technology (which is not limited by aforementioned
problems) and machine learning techniques to measure the number and location of occupants in other
indoor spaces behind the wall. We used four different algorithms and compared their results, including
extremely randomized tree for four different situations; detect the number of occupants in a classroom, split
the classroom into 28 locations and check the position of occupant, select one out of the 28 locations,
divide it into 16 fine-grained locations, and check the position of occupant, and checking the positions of
two occupants (existing in different locations). Overall, four algorithms showed good results and we
verified that detecting the number and location of occupants are possible with high accuracy using machine
learning. Also we have considered the possibility of service expansion using the oneM2M standard platform

and expect to develop more service and products if this technology is used in various fields.
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I. Introduction
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II. Related work
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III. People counting and localizing
system through the wall

1. Service scenarios of the proposed system
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Fig. 1. Service scenarios of the proposed system
(a) smart class, (b) smart office, (c) smart factory
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1.2 Smart office
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Fig. 2. Basic principle of IR-UWB radar
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Table 1. Sensor Specification

Index Info

Carrier frequency 7.29 GHz

Frequency bandwidth 1.4 GHz

Azimuth beamwidth 65°

Elevation beanmwidth 65°

Maximum detectable range | 10 m

Size 58 x 21 mm size

Interface USB and UART communication

3. Overall system architecture
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Fig. 4. Overall system architecture

IV. Experiment

1. Data collection envirionment

1.1 Experimental environment
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Fig. 6. 1-person experiment with 28 grids (MGrid 1 to 28)
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Table 2. 6 Cases for 2-Person locations

Case Location 1 Location 2
1 25 26
2 25 27
3 25 28
4 25 21
5 25 17
6 25 13

2. Machine learning

2.1 Feature vectors
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Fig. 9. Feature vectors for machine learning

2.2 Machine learning procedure
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Fig. 10. Machine learning procedure

Model (d)

2.3 Machine learning algorithms
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2.4 Performance comparison
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Table 3. Performance comparison among machine
learning algorithms

Method Accuracy | Precision | Recall | F1-score
Xtree 110 110 1£0 110
SVM 110 110 1£0 110

RF 110 110 1£0 110
KNN 110 110 1£0 110
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Table 42} Fig. 112 Fig. 109] 22 (b)of] T3t wA}
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Table 4. Performance comparison among machine
learning algorithms for Model (b)

Method | Accuracy | Precision Recall F1-score
Xtree |0.90+0.005 | 0.90+0.005 | 0.90+0.005 | 0.90+0.005
SVM ] 0.78+0.005 | 0.79+0.004 | 0.78+0.005 | 0.78+0.005
RF 0.91+0.003 | 0.91+£0.003 | 0.91+0.003 | 0.91+0.003
KNN | 0.89+0.005 | 0.90+0.004 | 0.89+0.005 | 0.89+0.005

Predicted class

113 instances
misclassified

=

Actual class
B
Ci :

|

Fig. 11. Confusion matrix of Model (b) with the best
performance (Xtree)
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Table 5. Performance comparison among machine
learning algorithms

Method | Accuracy | Precision Recall F1-score

Xtree |0.96+0.004 | 0.96+0.004 | 0.96+0.004 | 0.96+0.004

SVM | 0.93+£0.005 | 0.93+£0.004 | 0.93+0.005 | 0.93+0.005

RF 0.95+0.005 | 0.95+0.005 | 0.95+0.005 | 0.95+0.005

KNN | 0.9740.004 | 0.974£0.004 | 0.97+0.004 | 0.97+0.004

Predicted class

. ||

t-- 23 instances

2 misclassified
1

Actual class

-l
Fig. 12. Confusion matrix of Model (b) with the best
performance (KNN)
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Table 6. Performance comparison among machine
learning algorithms

Method | Accuracy | Precision Recall F1-score
Xtree |0.97+0.002|0.97+0.002 | 0.97+0.002 | 0.97+0.002
SVM  10.94+0.004 | 0.94+0.004 | 0.94+0.004 | 0.94+0.004
RF 0.96+0.004 | 0.96%0.002 | 0.96+0.002 | 0.96+0.002
KNN | 0.97+0.004 | 0.97+0.004 | 0.97+0.004 | 0.97+0.004

Predicted class

[ 1 2 3 a s

—
- 78 instances

misclassified

Actual class

5 -

Fig. 13. Confusion matrix of Model (b) with the best
performance (Xtree)
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V. Conclusions and Future Work
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