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Distance Sensing of Moving Target with Frequency Control of
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Abstract

In general, a Doppler radar can measure only the velocity of a moving target. To measure the distance of a moving target, it is
necessary to use a frequency-modulated continuous wave or pulse radar. However, the latter are very complex in terms of both hardware
as well as signal processing. Moreover, the requirement of wide bandwidth necessitates the use of millimeter-wave frequency bands
of 24 GHz and 77 GHz. Recently, a new kind of Doppler radar using multitone frequency has been studied to sense the distance of
moving targets in addition to their speed. In this study, we show that distance sensing of moving targets is possible by adjusting only
the frequency of a 2.4 GHz Doppler radar with low cost phase lock loop. In particular, we show that distance can be sensed using
only alternating current information without direct current offset information. The proposed technology satisfies the Korean local standard
for low power radio equipment for moving target identification in the 2.4 GHz frequency band, and enables multiple long-range sensing
and radio-frequency identification applications.
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Fig. 1. Principle of two-tone Doppler radar.
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N Theory | Estimation | Theory | Estimation | Distance
[MFz] Af Af Distance | Distance error
[deg] [deg] [em] [cm] [%]
5 4248 4.228 29.857 0.48
10 7.848 7.743 29.599 1.34
15 11.232 | 10.562 28211 5.96
20 15.048 | 15317 3 30.535 1.78
25 18.144 | 18.753 31.066 3.55
30 | 22320 | 22.000 29.570 143
B2 94 4 omdl AN ZFHAT FHE 7]
£71%0] HEHE A2 LW § 2 AR
5549 4 o
V.28 E

2 £58 doltel W38 PLL
B ol4T Fo 2ANOR olFAS A2 Ao

5 CER 43 5AS 1% 5
o2 FE37) S8, 3 olEAE

oot

o
R

32

)

2 5

158

References

3341, 20174 l%ﬂ.

[2] J. Lien, N. Gillian, M. E. Karagozler, P. Amihood, C.
Schwesig, and E. Olsonet, et al., "Soli: Ubiquitous ges-
ture sensing with millimeter wave radar," ACM Transac-
tions on Graphics(TOG), vol. 35, no. 4, p. 142, 2016.

[3] C. Nieh, C. Wei, and J. Lin "Concurrent detection of
vibration and distance using unmodulated CW Doppler
vibration radar with an adaptive beam-steering antenna,"
IEEE Transactions on Microwave Theory and Techni-
ques, vol. 63, no. 6, pp. 2069-2078, Jun. 2017.

[4] J. Huang, Y. Zhang, and S. Luo, "A simple estimator for
localization of moving targets using dual-frequency radar
with minimum system architecture," IEEE Sensors Letters,
vol. 2, no. 1, p. 3500604, Mar. 2018.

[5] C. Gu, J. Lien, "A two-tone radar sensor for concurrent
detection of absolute distance and relative movement for
gesture sensing," IEEE Sensors Letters, vol. 1, no. 3, p.
3500504, Jun. 2017.

[6] A, B, 538, £53, °oJA4T, "shtel ¢
At QHElLe} PLLE o] §-3te] 2goliM e 74
ZL_Q /H‘:_Q 71—1: 24 GHz u].o]_g gﬂo]q_ /\]'/_:Fé]’" 6“_}%
A Ak8k8] = F-%), 20(12), pp. 1325-1332, 2000 12€.

[7] F. Michler, B. Scheiner, F. Lurz, R. Weigel, and A.
Koelpin, "(Micro)Metering with mirowaves: A low-cost,
low-power, high-precision radar system," [EEE Micro-
wave Magazine, vol. 20, no. 1, pp. 91-97, Jan. 2019.



24 GHz =28 #ojte] Fo4 24 & 53 o|5A 72 AA

B3 A [FRI S/ A REEAG
2017 29: SRSt A (5 1990 24: AAMh et A8kt (38t

A} xh
2017),% 3E~EA: Sudete AAEet 1992/ 29 AA S AAzek (35
3 XA A A}
[Z= BAZ0H AN A" A, go|tt 1997 29 AM S AAgett (8
A5 AE, FA5AA 2 kAL

19959 39 ~1999 19¥: LGAAKF)
1999 1€~2003d 9Y: S=AAZAATY FAdEATA
2003 108 ~2005% 8¥: AHEANAZLAZTY

20133 99 ~20153 8Y: vl Az WA E7HCP)
20053 99 ~dAA: =St XWZJ SR w

[F ZAZ0H] RFIE 2 A2E ZHEAAAY A8

159



