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In recent years, in-cabin sensing devices foredsito support safety-driving has high demand aliogrto the development of
advanced driver assistance systems (ADAS) and amtous driving (AD) technology. The vital sensingteology using millimeter-
wave sensors can contribute to supporting safendriwsing millimeter-wave sensors, low-cost anghhiobust sensing systems of
human vital can be achieved. Although driver mairitp systems using camera devices are well stutheddriver monitoring systems
have issues with the accuracy of vital sensingrabdstness against the brightness in the envirohr@nthe other hand, a millimeter-
wave sensor is constructed based on millimeter-wadar technologies. It can accurately measuradistance and angle between
sensors and drivers and doppler velocities caugethéd driver’'s heartbeat, respiration, and bodyioamtMoreover, it is possible to
eliminate the influences of the clothes becausi® nadves of millimeter-wave frequency bands caneprette thin dielectric materials.

Millimeter-wave sensors can detect the small vibratising the analysis of the micro-Doppler phenoome Therefore, millimeter-
wave sensors can measure drivers' heart rate @dnkerval (RRI). To obtain a good ADAS and AD systélre surveillance of the
status of the driver's physical and psychologiealth are necessary. In the market of millimeterevatal sensors, mainly the 60 GHz
frequency band sensor will be utilized, which hesedlent resolution.

This paper reports the current status regardingdtheelopment of Kyocera’s millimeter-wave vital sgrg for driver monitoring
systems. The Kyocera’s millimeter-wave sensor isfigared based on the basic millimeter-wave radahnologies consisting of the
chirp configuration, two-dimensional fast Fouriesrtsform (2D-FFT), and the constant false alarra pbcessing (CFAR) and the
estimation of direction of arrival waves (DOA). Oariginal audio processing methods configured e¢mrocessing to measure heart
rate and RRI. The overview of the proposed 60GHzZmeller-wave sensor is denoted in the proceeding.

We executed the experiments using a driving simulavned by Shibaura Institute of Technology toftamthe performance of the
manufactured millimeter-wave sensor for the drivemitoring systems. The manufactured millimeter-evagnsor was installed on the
sun-visor in the cabin of the driving simulator.eTtlistance between the sensor and the examinesswhs 0.6 m. We employed the
Polar H10 chest band and the smartwatch as thesgatdiard to confirm the accuracy of the millimetewe sensor. The measurement
of RRI was executed under the condition of 1) ideé¢gstatus when the examinee was sitting on tfieeo€hair and 2) driving with a
speed of 90km / h, simulating a highway using theirnty simulator. In this experiment, we obtainée tRRI and CVRR. CVRR is
calculated as the ratio of the mean and variand@RiIf We calculated the CVRR for the calculation peri@s set to 5, 10, and 20
seconds. We confirmed the accuracy of the RRI and CH¥&® of the millimeter-wave sensor compared withEICG data.

Figures 1 (a) and (b) show the measured data of RIRC&¥RR when the examinee was sitting on the offi@rchVith regard to RRI,
the millimeter-wave sensor data is almost consistéth ECG. Concerning CVRR, the trends of both sensoescorresponding.
Figures 2 (a) and (b) show the RRI and CVRR when tlaenimee drove the driving simulator. The RRI data athbsensors are
consistent except for the high-frequency variahiliivhich corresponds to the high-frequency compborietF) of the heart rate
variability (HRV). The differences between both s&ns of the high-frequency component are due tdtdy motion caused by the
diving action. Although the mean value of both sea®f CVRR is corresponding, the tendency of fludtuatThese differences due to
the body motion will be improved by more advancedaising techniques of the generated heart soundfans.
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Figure 1 Experimental results of (a) the RRI and (b) Figure 2 Experimental results of (a) the RRI and (b)
CVRR when the exmainee was sitting on the officerchai ~ CVRR when the examinee was driving in driving

simulator (speed = 90 km/h).
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