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Action Recognition Using a Far-Infrared Sensor Array by Convolutional RNN

Takayuki KAWASHIMA, Yasutomo KAWANISHI, Daisuke DEGUCHI, Ichiro IDE,
Hiroshi MURASE, Tomoyoshi AIZAWA and Masato KAWADE

This paper proposes a Deep Learning-based action recognition method from an extremely low-resolution FIR image
sequence. The method recognizes daily actions by humans (e.g. walking, sitting down, standing up, and so on) and
abnormal actions (e.g. falling down) without privacy concerns. While privacy concerns can be ignored, it is difficult to
compute feature points and to obtain a clear edge of the human body from an extremely low-resolution FIR image. To
address these problems, this paper proposes a Deep Learning-based action recognition method whose inputs are the FIR
images and their frame differences cropped by the gravity center of human regions.
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(b) FIR image

(a) Visible-light image

Fig. 1 Example of images captured by a visible-light camera and a 16 x 16
far-infrared sensor array
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(b) FIR image

(a) Visible-light image

Fig. 2 Example of images captured at night-time
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Table 1 Definition of actions of recognition targets

Action Definition
Walking
Sitting down
Standing up | Motion from sitting to standing
Falling down | Motion from standing/sitting to lying

Moving in a standing posture

Motion from standing to sitting
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Table 2 Specifications of 16 x 16 far-infrared sensor array

16 % 16

Temperature range 5-50°C

Temperature resolution  0.15°C

Angle of view (horizontal) 100° x (vertical) 98°
Size 20.0 x 37.0 x 10.7 mm

Spatial resolution

Fig. 4 Example of an extremely low-resolution FIR image sequence
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Fig. 5 Overview of the process
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Fig. 6 Example of FIR and frame difference image sequences

Table 3 Network architecture

Input Units: 10 x 10 x 2
(2 channels: FIR and diff.)
Kernel: 3 x 3 (Stride: 1)
Conv. 1 Channel: 32 ReLLU
Maxpooling: 2 x 2 (Stride: 2)
Kernel: 3 x 3 (Stride: 1)
Conv. 2 Channel: 64 ReLU
Maxpooling: 2 x 2 (Stride: 2)
Kernel: 3 x 3 (Stride: 1)
S Channel: 128 Rl
FC.4 Units: 256 ReLLU
EC.5 Units: 64 ReLU
BLSTM 6 | Units: 64 Sigmoid
Qutput Units: #classes Softmax
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Table 4 Dataset contents

Group 1 2 3 4
Subject A,B|C D | EF |G H I
# of sequences 100 100 100 100

# of frames 35,968 | 35813 | 35384 | 48971
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(a) Walking

(b) Sitting down

(d) Falling down
Fig. 7 Example of human actions from the dataset
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Fig. 8 Example of “Falling down” in the dark
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Table 5 Precision and Recall of each action when tloU threshold is set to 0.3

Sitting down Standing up Falling down Average
Precision | Recall | Precision | Recall | Precision | Recall || Precision | Recall
Mashiyamaetal. '” | 0.110 | 0.600 | 0.225 0.203 0.125 0.644 0.153 0.482
Proposed method 0.918 0.842 0.888 0.814 0.860 0.856 0.889 0.837

Table 6 Action recognition result
Threshold of tloU 0.3 0.5 0.7 0.9

Mashiyama et al. ' | 0.303 | 0.239 | 0.100 | 0.011
Proposed method 0.839 | 0.649 | 0.199 | 0.018

Table 7 Training condition of each actionness estimation model

Input sequence | # of training sequences

Model A All frames 100 (= 2 subjects)
Model B | Last 50 frames 100 (= 2 subjects)
Model C | Last 50 frames 300 (= 7 subjects)
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IZDOWTHHEE 5. s, TR REMERIZOWTIEX
ik ? CIEML .
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[ FIR [i{§Z, MEOBIHRHEMTH )1 XL EEN
5. FOid, NBhigik LT w500 & i ik o £ 8
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Table 8 Action recognition result of each actionness estimation model (mAP)

Threshold of tloU | 0.3 0.5 0.7 0.9

Model A 0.679 | 0.566 | 0.271 | 0.029
Model B 0.874 | 0.619 | 0.219 | 0.015
Model C 0.946 | 0.794 | 0.296 | 0.004

Table 9 Action detection result
Threshold of tloU | 0.3 0.5 0.7 0.9
0.591 | 0.450 | 0.156 | 0.015
0.940 | 0.803 | 0.373 | 0.061
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