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Study on Hand Gestures Recognition Algorithm of Millimeter Wave
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Dept. of Digital Electronics, Hyejeon College

2 o £ =RoAL 77GH.E AEsH Qulent dolu MY g AEE olgdte] £FAY §AYL A
F ol o8z 0% A9 2AES AT LSS st L5 wAste] dold AAzYE
o4l Wi ATES Alg FeiEo] Ho] Sof ofs) BT A FAYHE Rt ol 52N fAT FUEL
A7) 98] 3349 HEHES 0183 K-Means L15L Agateich. Telm Pojdl FAPEL Adstol 24 o
o oluAE BASITE Poldl oot ARG JES A8 Aol &34 Felgh FASH TE oluAE
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Abstract In this study, an algorithm that recognizes numbers from 0 to 9 was developed using the data
obtained after tracking hand movements using the echo signal of a millimeter-wave radar sensor at 77
GHz. The echo signals obtained from the radar sensor by detecting the motion of a hand gesture
revealed a cluster of irregular dots due to the difference in scattering cross-sectional area. A valid center
point was obtained from them by applying a K-Means algorithm using 3D coordinate values. In addition,
the obtained center points were connected to produce a numeric image. The recognition rate was
compared by inputting the obtained image and an image similar to human handwriting by applying the
smoothing technique to a CNN (Convolutional Neural Network) model trained with MNIST (Modified
National Institute of Standards and Technology database). The experiment was conducted in two ways.
First, in the recognition experiments using images with and without smoothing, average recognition rates
of 77.0% and 81.0% were obtained, respectively. In the experiment of the CNN model with augmentation
of learning data, a recognition rate of 97.5% and 99.0% on average was obtained in the recognition
experiment using the image with and without smoothing technique, respectively. This study can be

applied to various non-contact recognition technologies using radar sensors.
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Fig. 1. iwr1443Boost & anntena layout
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Fig. 2. iwr1443Boost received signal processing process

Fig. 2= iwr1443Boost9] 4l QFEUE FMCW |
olt] A5E A% & Aol S eIt
s4lE 415+ Range FFT9F Doppler FFTE #8319
EA9] Aot &=, Zteg AXIsHA "h3-4]. E419



dejujejnte] £52 Q14 g1 Fd #Ae AT
Aot £k 5 o=t /83 FMCW 415& B §83%F 24 RS Doy o]F dAEsto] =X
S7F A7l wheh Ao Bisks A4 Fukex 2 E¥oks dalgigol Besith &5 4’% FA5to] &
WalE 3ol FMCW ASE Ao Sl ol 33} tlolBE2 &3 &5, I#A 5 Al
iwr1443Booste] HHlolo] Algd AAPFES Table 1 Qo] 44 HoJgjEolt}. o2 Q5| ez o
I Zoy o) AA BA AglE 9.62 melH UART X o7l #43} HolEE2 A5l ot B3 =2 v
E SAKEE 1] 120 5§19 AATE AR Ho]  BA "ot ol& siEsH] sl dolxl HlolE Y A

BE SalstEs 4sio.

Table 1. FMCW configurations for iwr1443Boost

Parameters Value
Range resolution 0.047 m
Maximum unambiguous range 9.62 m
Maximum radial velocity 2.05 m/s
Radial velocity resolution 0.26 m/s
Frame duration 200 msec
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Fig. 3. Receiving data of the radar sense the hand gesture
(a) detected moving objects (b) 2D center point of
reflect data using K-Means algorithm
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Fig. 4. Hand gesture recognition algorithm
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Table 2. Hand gesture recognition result of CNN

Table 3. 28 %28 pixel grayscale augmentation images of
hand gesture single digits between 0 and 9

Original Smooth Augmentation images
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Table 4. Hand gesture recognition result of new
trained CNN

Recognition rate(%) Recognition rate(%)
Digits Digits
Original | Smoothing Original | Smoothing
0 100.0 100.0 5 100.0 95.0
1 100.0 100.0 6 100.0 90.0
2 100.0 100.0 7 100.0 100.0
3 100.0 100.0 8 90.0 90.0
4 100.0 100.0 9 100.0 100.0
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