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Counting Pedestrians Walking through a Hallway
with Pyroelectric Infrared Sensors

KOHKI AKADAT' TAKAYUKI KIKKAWA !

TOMOAKI SUMI™!

TOSHIHIKO HATAT!

It is very effective to extract human behavior and control building facilities based on the behavior in smart buildings that should
provide safe, comfortable and convenient environment with energy saving. We have been doing research on extracting the human
behavior with sensor networks using pyroelectric infrared sensors that are very inexpensive and used widely for security and facility
control. The sensor networks provide information of human motion but not their quantitative information such as head-counts. We
consider counting people existing in each area of buildings with counters placed on their entrances and utilize the pyroelectric
infrared sensor for the people counter. The dual element type sensor with Fresnel lens having one or some pairs of detecting areas
detects numbers and directions of pedestrians. When only one pedestrian walks through a doorway or a security gate, we have
already confirmed its feasibility according to experiment for various passing movements with various temperature difference
between the pedestrians and a floor. We are now trying to count people walking through a hallway. In order to recognize numbers
and directions (two-way) of pedestrians, multiple sensors are aligned orthogonally to the hallway direction on a ceiling. Peaks of
signal from each sensor are detected and some features such as peak values and time intervals between the peaks are used for
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machine learning algorithms. We describe the method and show some experimental results.
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Figure 2.1 Dual type PIR sensor and its output signal
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Figure 2.2 Fresnel lens and their detection areas
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Table 2.1 Waveforms for passing movements
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Figure 4.1 Sensor placement and sensing areas
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Figure 4.2 Features to detect numbers and directions
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Figure 5.3 Average accuracy for detecting numbers and
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Table 5.4 Confusion matrix of linear kernel in kernlab

1| 2 3 4 5 6 7 8 9 DRSS
1|74 o 20 6 0 0 5 0 0 70%
2|0 | 97 0 2 4 0 0 3 0 7%
3|48 | 0 | 2000 | 44 0 165 | 124 0 0 84%
46| 12| 22 |3815]| 46 3 299 | 335 0 84%
50| 3s 0 28 [ 2009 | 0 0 174 | 183 83%
63| 0 |20 0 0o | 2797 | 30 0 0 92%
7118 0 62 | 431 1 5 3051 | 1 0 85%
8| 1] 6 3 332 | 135 0 0o | 2055 | 30 85%
910 o 0 2 135 0 1 32 | 2757 | 94%
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Table 5.5 Confusion matrix of cubic polynomial kernel in

kernlab

1 2 3 4 5 6 7 8 9 E
1] 146 | o 2 0 0 0 0 0 0 99%
2 0o | 143 ] o 0 0 0 0 0 0 100%
3| 4 0o |2307] o 0 6 0 0 0 99%
4] o 0 0 | 4627 | o0 0 10 9 0 99%
s | oo 7 0 0o 2331 ] o 0 0 2 99%
6| o 0 31 0 0 | 2964 | o0 0 0 99%
71 o 0 0 37 0 0 |[3500]| o 0 99%
s | o 0 0 16 0 0 0 | 3501 o 99%
9| o 0 0 0 9 0 0 0 | 2968 99%
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Table 5.6 Class of machine learning
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