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Design of an Arduino-Based FMCW Radar using Cantennas
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Abstract

In this study, the design of a low-cost frequency-modulated continuous wave (FMCW) radar system at C-band using commercial
off-the-shelf (COTS) components is presented. The proposed radar system consists of low-cost surface-mounting devices and monolithic
ICs on a multi-layer FR4 PCB for system integrity. The Tx/Rx antennas (Cantennas) were fabricated with commercial cans based on
waveguide dominant mode analysis. The proposed radar system is connected to the Arduino UNO platform, which transfers the received
analog backscattered RF signal to MATLAB to display a range versus time intensity (RTI) plot. The designed radar has a maximum
detection range of 56.3 m.
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Fig. 1. Proposed radar system.
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Table 1. Main components of FMCW radar system.

Component Item name Specification Note
55 ~ 6.1 GHz,
VCO | HMCALPETR | *p © ;
40~6.0 GHz,
GRF2505 Gain: 115 dB | X PA
Amplifier 5.0~7.0 GHz,
ALy | FMCHOTMSSGE | " P | TP
1.0~6.0 GHz,
QPLOSO3TRT | e Rx LNA
-
Divider |PDASSOJS0S0S2HF|  4.8~59 GHz | ) Lkinson
divider
Mixer |HMC21SBMSSGE| 45-60 GHz | 2O
converting
D.a ta Arduino Uno fi 4.5 kHz, -
acquisition
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PROGRAM Process Range vs Time Intensity (RTI):
read the raw dataset D
start=split into two periods(up-ramp, down-ramp);
IF (D is greater than threshold)
THEN start is ‘1’;
ELSE start is ‘0’;
END IF
s=inverted value of the D;
N=samples per pulse;
FS=sampling rates;
sif=collected voltage during the up-ramp period;
time=recorded time;
FOR (=100 TO size of (start —N))
IF (the previous 10 start's are ‘0’ and the first start ‘17)
count=count + 1;
sificount,)=s(i:i+N —1);
time(count) = i*1/ FS;
END IF
END FOR
ave=average value of the sif along the columns;
FOR (=1 TO number of rows in sif);
sifi, y=sifli,)) —ave;
END FOR
z=Compute the Fourier transform of the sif along the rows;
v=20%*,g10(absolute value of the z);
S =v(;,1:(number of columns in v)/2);
m=maximum value of matrix in v;
DISPLAY (the (S —m) in matrix as an image)
x-axis(‘Range (m)’);
y-axis(‘Time (s)’);
END DISPLAY
END.

J8 6. & =M oA o] AREE AT E
Fig. 6. Proposed pseudo code algorithm for digital signal
processing.
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Table 2. Single-mode (dominant mode) bandwidth of

commercial standard cans.

Ttem Diameter x height Single-mode (dominant mode)
(mm?) bandwidth
Canl 128 x 160 1.3 ~ 1.8 GHz (L-band)
Can2 85 x 120 2.0 ~ 2.7 GHz (S-band)
Can3 05 x 167 2.7 ~ 3.5 GHz (S-band)
Can4 50 x 132 3.5 ~ 4.6 GHz (S,C-band)
Can5 75 x 111 2.3 ~ 3.1 GHz (L-band)
Can6 70 x 110 2.5 ~ 3.3 GHz (S-band)
Can7 35 x 88 50 ~ 6.6 GHz (C-band)
Can8 50 x 95 3.5 ~ 4.6 GHz (S,C-band)

Y
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Fig. 8. Fabricated cantenna: (a) front-side, (b) top-side.
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