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Automatic hand gesture area extraction and recognition
technique using FMCW radar based point cloud and LSTM

* _**
B &, ole=

. K
Seung-Tak Ra, Seung-Ho Lee

Abstract

In this paper, we propose an automatic hand gesture area extraction and recognition technique using FMCW
radar-based point cloud and LSTM. The proposed technique has the following originality compared to existing
methods. First, unlike methods that use 2D images as input vectors such as existing range-dopplers, point cloud
input vectors in the form of time series are intuitive input data that can recognize movement over time that occurs
in front of the radar in the form of a coordinate system. Second, because the size of the input vector is small, the
deep learning model used for recognition can also be designed lightly. The implementation process of the
proposed technique is as follows. Using the distance, speed, and angle information measured by the FMCW radar,
a point cloud containing x, y, z coordinate format and Doppler velocity information is utilized. For the gesture
area, the hand gesture area is automatically extracted by identifying the start and end points of the gesture using
the Doppler point obtained through speed information. The point cloud in the form of a time series corresponding
to the viewpoint of the extracted gesture area is ultimately used for learning and recognition of the LSTM deep
learning model used in this paper. To evaluate the objective reliability of the proposed technique, an experiment
calculating MAE with other deep learning models and an experiment calculating recognition rate with existing
techniques were performed and compared. As a result of the experiment, the MAE value of the time series point
cloud input vector + LSTM deep learning model was calculated to be 0.262 and the recognition rate was 97.5%.
The lower the MAE and the higher the recognition rate, the better the results, proving the efficiency of the
technique proposed in this paper.
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Table 1. MAE comparison results with deep learning

models.
g 1. Held 2SO MAE Hiu Zit
No Method MAE }
1 Point cloud + 1D-CNN 0.794
2 Point cloud + 1D-CNN-LSTM 0.348

The proposed method

(Point cloud + LSTM) 0.262
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Fig. 12. Test set prediction graph for each model.
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Table 2. Comparison results of hand gesture recognition
rates with existing techniques.
B 2. 71F 7|ES09| HE MAX QAME H|W Zit

No Method Recognition 1

1 Range-doppler image + 2D-CNN 75%

2 Point cloud + 1D-CNN 72.5

3 Point cloud + 1D-CNN-LSTM 92.5
The proposed method 0

& (Point cloud + LSTM) 97.5%
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