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Abstract

With the rapid advancement of human-computer interaction technologies,
millimeter-wave radar has emerged as a promising sensing modality for gesture
recognition due to its high privacy, resistance to lighting conditions, and ability to
penetrate occlusions. This study utilizes a 60 GHz mmWave radar developed by Kaiku
Technology, along with its dedicated visualization platform, the Ksoc Tool—designed
specifically for the radar—to perform data collection and annotation. Based on the
collected data, we implement a full pipeline encompassing preprocessing, model training,
and real-time recognition display.

The proposed system incorporates two types of radar images—Range-Doppler
Images (RDI) and Phase Difference Maps (PHD)—with detailed analysis of their
physical meaning and usage scenarios. A sliding window mechanism is employed to
segment continuous gesture data, and soft labels are generated using Gaussian functions
to enhance sensitivity at gesture boundaries. A 3D Convolutional Neural Network (3D
CNN) is adopted to capture spatiotemporal features, trained with Mean Squared Error
(MSE) loss. To further improve gesture segmentation, a dual-threshold post-processing
mechanism is introduced to detect gesture start and end points. A graphical user interface
is implemented to support real-time inference and visualization.

Experimental results demonstrate that the system accurately recognizes four gesture
types—Background, PatPat, Come, and Wave—with an overall accuracy of 95.8%,

highlighting its potential in real-time performance, accuracy, and scalability.

Keywords: millimeter-wave radar; gesture recognition; 3D CNN; sliding window
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