ol
taeyoung @itsoc.sejong.ac.kr, *seongjoo@sejong.ac.kr

Real-time Hand Gesture Recognition System using Lightweight CNN
on FPGA based on FMCW Radar

Taeyoung Kim, Seongjoo Leex

Dept. of Semiconductor Systems Engineering, Sejong Univ.,,
*Dept. of Electrical Engineering and Dept. of Al Convergence Electronic Engineering
for Intelligent Drone,Sejong Univ.

8o

T AFA T 7& B G vl M gl FYAFHAA oA tute] 2~ FAle F4kd WA o2 wlsta gl olx] A A= AldE
23} F7rol A Q] w2 AAZE wlolE] A7t Ao V)& GPUw 27]9F A8 AR TAZ 283517 ot} ool =2 #E A 453 Axdd
EAXS 7IA = FPGA7F 234¢] geto & FEuky 9t} B =82 Frequency Modulated Continuous Wave (FMCW) #o]tE o] &8k H] %32
£2}F 914 A|~®S Field Programmable Gate Array (FPGA)$HEolA T3ttt dlo]t] 9] Intermediate Frequency Al 3= Short-Time Fourier
TransformE &3] micro-Doppler signature® W=y £F2ke] §3do] wel 553 dde yehdoh ol& aadoz EiFsy] 6
Convolutional Neural Network (CNN)7|%9ke] ZA#3} mels A8k, Xilink®] FINN Z#HQYAE o] &) 8-hit UAlslate] st=glo] sty ow
A9 A8 A7 FPGA 7|4k A 2~8e CPU tln] oF 7.860] w2 =2 &%) oF 7708] =& AH&HS B ou1 A= uAE 7HAa
(052%p)E JeRATE 22402 FPGA 7|9 CNN Edo] o7 AFE Ao 78 At s ATS + 91%% 13t

M
N

P 4

=~

I.

>

=z micro-Doppler signature® ¥ %
o 4

FAs 7)%e) A 3 dole] He) WHao] FoPFyaa  THT AHCl vEdTh 2 Ay

Z
*L] o

edge device $4¢] 48 Al walehn ik ojel@ ek Fopg  CNNE o188l el Ardtes S ALDE TR, e

rl

I IOT AA 5 o4 83014 AR A3 B0 ol we gy deviee AN TEH AAE 2L 915] ONNE convolutional layer,
7+ Ja)7t Bashy] o, 7|& GPUE Holw A%< 7k 279} RelLU &4 3} sk Max—pooling 0.2 4% 4712] convolutional block
el aw BAE 28 2 AR B S| ojdu) ofd] Bo 3} fully-connected layer2 A A8t} 2+ convolutional blocke &7+4]

1o =20
HE Ael A5y AA 94S 7 FPGA7E tigte g R7hE] 9l om, SAS 8o s #5069 Max-poolings 8 Aitds Eol= B4
22 313]
# High-Level Synthesis (HLS)E &3 7% 717F @&% 7hssiAch o= AHssleh Ak CNNe| 72 & 194 2t
$£%7 012 7]42-8 Human-Computer Interaction (HCD9| A% 3ol
Alofehs £8 Rk (1], 531 doje] Tl vgg o)z E L M OW 28 7=
} Layer Input size output size | kernel size
Ol W Ros 71—]- Z}FA o] iulo =L O uyy 01
Shh ARV £l st el sl 4 o THE L A [2) Convl (3.64.64) | (16.64.64) 3x3
B =R A= FMCW #lold 238 853 micro-Doppler signatureZ Rel.U1 - - -
FPGA 7]4to.2 A7t Bia= "_\%z} o124 A AES FHFY T o) MP1 (16,64,64) (16,32,32) 2x2
£ 98 Z sk Convolutional Neural Network (CNN)& A8}, 5251\322 (16'372'32) (32'372'32) 3}53
Xilink®] FINN Z#919]2 [3]8 &850 8-bit FAstste] FPGA $7 MP2 (32.32.32) | (32.16.16) 9%2
dAe] EeHel AN ASS A=selnh Conv3 (32.16.16) | (64.16.16) 3x3
ReLU3 - - -
MP3 (64,16,16) (64,8,8) 2x2
INR S Conv3 (64.8.8) (128.8.8) 3x3
B Ao FMCW #0012 368 £55 A4 4292 7y ReLU3 - - )
MP3 128.8.8 128.4,4 2x2
o FMCW #lelEl 3408 940 735 Wk 457 B4l wha) - Ayl x
Hof Folo = A7t A3} F3g= Mol & Bl AT 28 FAS e
A2 TR &3 22 A3 5292 Intermediate Frequency —
(IF) Al&E Short-Time Fourier Transform (STFT)ste] A& - E
1. Dataset

* WAIA A}



@ (e) ‘ (f)

a8 1. 671X &30l tist micro-Doppler signature.
(a) Takeoff, (b) Land, (c) Forward, (d) Return,
(e) Cancel, (f) Backward
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