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Design of FMCW Radar Signal Processor for Human and Objects
Classification Based on Respiration Measurement
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Hk A 2~Bl o)l = Thg ek AlA 7} AFE-E] 3L QUAHE, A EE A 7} v=gho] el whef o) th AA 7 tigk o= AAE] AL QiT) 1
% PD (Pulse Doppler) @lo]th= & HAAE ARESto 2 AR B4 ey} F7heks E417F S48, FMCW (Frequency
modulated continuous wave) @ °]th= 18t #|$to] Hth= Aol vk 22y, FMCW #lo]tl+= 2D-FFT (2-dimensional fast
Fourier transform) & AF&-3F 22 7]& 9] AlA ol H]E|A A 02 52 B EE 7HA W, X3 U&= 24 ol i3] Al AL ES
TEet7] olel o] dth whebA] L =iol A= ID-FFTSF 9173 Rshho 2 S35 o -5 gelsto] Al A& 728
A& Folth A A Z2AMA e A7 2 F+d AZE AA S, AlSkE A& 2] 2 M A= Verilog-HDL-S: 7] HES 2 A 7|5}
FPGA tju}o]2~of 7]ubate] 418 2 75819} LUT (Look up table) 6,4257H, register 4,243 7Y, 12,2887 2] memory bitZ 3 3}
92.1%°] A g o] S5 A5 1T F A= sk

[Abstract]

Even though various types of sensors are being used for security applications, radar sensors are being suggested as an
alternative due to the privacy issues. Among those radar sensors, PD radar has high-complexity receiver, but, FMCW radar
requires fewer resources. However, FMCW has disadvantage from the use of 2D-FFT which increases the complexity, and it is
difficult to distinguish people from objects those are stationary. In this paper, we present the design and the implementation results
of the radar signal processor (RSP) that can distinguish between people and object by respiration measurement using phase
estimation without 2D-FFT. The proposed RSP is designed with Verilog-HDL and is implemented on FPGA device. It was
confirmed that the proposed RSP includes 6,425 LUT, 4,243 register, and 12,288 memory bits with 92.1% accuracy for target's
breathing status.
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Fig. 1. Overview of FMCW radar signal processor.
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I 1. FMCW 2lo|ct mzjo|g
Table 1. FMCW radar parameter

Parameter Value
Center Frequency 23.8 GHz

Bandwidth 940 MHz
Chirps of Frame 256 chirps
Samples of Chirp 256 samples

Frame Time 100 ms

FFT Point 256—point
Range Resolution 0.157m

a8 10. MY A
Fig. 10. Experimental environment.

E 2. 58 0% 5% ¥EE

Table 2. Accuracy for respiration measurement.
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Fig. 12. Phase difference of human and object.

F 3. FPGA 7|8 751 ot
Table 3. FPGA implementaion results.

Success Fail Total

Male 134 1 145
Female 17 2 19
Total 151 13 164

o

IN
T

Amplitude

o 1 2 3 4
Range [m]

a8 1. AR ARRS| 72| £F
Fig. 11. Range estimation for human and object.
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elér?wgelﬁts Register | Memory(bits)

DRU 208 111 0

LPF 438 1,100 0

HWU 985 124 0

FET 628 439 0
Memory (32X256) 0 0 8,192

AU 141 76 0

CuU 1,235 1,084 0

PU 2,790 1,309 0
Memory (16X256) 0 0 4,096
Top Block 6,425 4,243 12,288

— target detection |

—FFT results |
—CFAR threshold

I 4. Mokt AEHe] TRAMY I|E ASHE| Z2AMAC
=2| oM 2}
Table 4. Logic synthesis results of the proposed signal
processor and conventional signal processor.

Logic ) .
clements Register | Memory(bits)
Proposed 6,425 4,243 12,288
[19] 19,623 9,759 25,190,400
v.d B
B rolt 55 o7 Bal 48 AR A S T
k= dlolth 2ls A Z2AX 9] AA R 78 A¥E A8
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