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W-Band Radar Altimeter for Drones

=1

2 A . =]

[=NeoNe)

0|24 - 0| - YEY - i)

o

ot

A
rel

Yong-Seok Lee - Gwon-Hak Lee * Jun-Seong Kim - Jae-Hyun Park - Byung-Sung Kim + Reem Song

2 <

2 =rdAe A8 A5 E 3457 Y3l £ - FA FIF AE oldd AEE FAE & e W-HY FMCW
(Frequency Modulated Continuous Wave) gojtt XA ALES AA AZsy, Al I E BAs] A EH FES
A A AEA Y uSE Attt o] GuE T GAE Holtk AEAE 2 FHate] HsiAIzl A,
AY A= ofH] A oF 3 % &9 AA Ik AlojE APHOE HYth Wil & - FA7 o ARES 2 65 nm
CMOS §74& o] &dll AlZstgom, 3 o ot F4718 ygstd & daus A3 sl of gejg 1=
AE olgste] &, 2, J83 o AgdAe sh SeiH AERXE A8y, &8 e 0E 39 34 §54E
Sl

Abstract

In this study, we propose a W-band frequency modulated continuous wave(FMCW) radar altimeter that can measure the altitude
based on the frequency differences of transmitted and received signals. This W-band FMCW system is powered by an altitude control
algorithm, which we propose to help prevent collisions of drones with obstacles in real deployment by measuring the relative altitude.
It is shown that this algorithm enables the drone to be positioned within a 3 % error of altitude from the desired input height. The
chip used in the W-band transmitter and receiver was fabricated using a 65-nm CMOS process, and a horn antenna was directly fed
by incorporating an embedded waveguide feeder into the chip™. The clutter spectra observed in terrains including soil, grass, and calm
lake water were measured and compared, confirming the reflectivity characteristics of various surfaces of different water contents.
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Fig. 1. W-band transmitter and receiver™.
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Fig. 2. Diagram of the radar altimeter system.
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Fig. 7. Measurement results of soil, grass, lake.
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Table 1. Dielectric constants and reflectivities of W-band
[9],[10]

W-band(100 GHz)

Terrain type | Water content | Dielectric constant | Reflectivity
Soil 0.001 2.7+j0.02 7 %
Grass 0.132 37411 11 %
Lake 0.294 4.8+j2.8 18 %
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Table 2. Received power at peak IF at 4 different eleva-

tions.
Drone height [m] | Peak power [dBm] | Average SNR [dB]
5.6 =50 254
142 —57.8 24.1
244 —64.5 223
26.8 —60.5 20.5
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