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Fig. 1. the time-frequency domain of transmitted signal.
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Fig. 4. Block diagram of the FMCW radar system.
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i HIE A (19) Fi(20) AT, A/2 HYiz SR
BENIGE AT DA Rey, F1 Imy, B9 B8 ST B — A1~
SERERIMEIRL. 1K1 6 45 T TR ML B AR 7E
H 2§ K2k 800 mm, 1200 mm, 1600 mm, 2000 mm
DU G B iz 3 N /2 I T 38 Sk [
FLR FH B RIS 5 ZECR S SR AR R, 4 15 D0 A 40
G5 MR IR &AL 1, 7F 4 RIS Lk
BG5S IRIE A 0.5 T HWIR, FFRms 3R
—20 dBW il g, B p SRR AR, 3K
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(a) 800 mm; (b) 1200 mm; (c) 1600 mm;

Fig. 6. Computer simulation of trajectory change by these sampling points at four different starting distances, the displacement is
A/2, the starting distances are: (a) 800 mm; (b) 1200 mm; (¢) 1600 mm; (d) 2000 mm.
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Fig. 7. Experimental measurement of trajectory changes by these sampling points at four different starting distances, the displace-
ment is A/2, the starting distances are: (a) 800 mm; (b) 1200 mm; (c¢) 1600 mm; (d) 2000 mm.
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30 mm/s —FREESIA1HIZ 3] 300 mm, 400 mm,
500 mm. R 20 K, & 2 G TR ST
S5 EEE AR 2240 T (0.1 mm, 0.1 mm) Z
i), P A R R 22 9 0.27 mm. I 45 SR A AR
2Z/NF 0.15 mm.

22 KOG 1132 Sh il i — e FH ZE LA N =
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ek A 2 A B S RS B AR A, 16 PR R e I B
G e T AT B RS B A . X N B s —
AR, o RRI ) 0O SR SRR INTT T 30
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1) B A BOR B, AT 0
PIE HLZ M PR 2. B 8(b) Al i e 2245
TR, P22 FYE R 2.7 % 107" mm, FRifEZEN
0.22 mm, FHEAH L S (E A = 7 20 A1 . R I 22
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2  EEHuashiNEss

Table 2.  Measurement results of metal plate move-
ment.
HiRS I B
L L
}:(‘H‘fm@% ﬁgﬁ‘m eyt BC g
{/mm 2%/ mm Jmm 2% /mm
300 300.10 0.10 0.26 0.15
10 400 399.91  -0.09 0.24 0.15
500 499.93  -0.07 0.25 0.14
300 299.95  -0.05 0.21 0.12
20 400 400.08 0.08 0.24 0.14
500 500.05 0.05 0.27 0.13
300 300.09 0.09 0.26 0.15
30 400 399.96  -0.04 0.21 0.12
500 499.96  -0.04 0.23 0.12

198402-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 19 (2021)

198402

6.5 EEHNEREE

SRy 5 T RE I B RSB, R T TR iz Bh
LR B e NER IR R UA LA 10 mm/s? [N iz Bl
3 s, WLAFH IR S 30 mm /s, SR EIHEE) 8 s, Ff
PL—10 mm/s? (N iz sl 3 s, MEAHE N, &
1k 5 s, SRJE LA —5 mm/s? il Fiz 5 6 s. AT FE
A 43R 5 BB, ol AT | A STUR0H |
1 M= B A I B Be . 8t %A o LG R L
Hii 8 4 Jm A i 15 3.

W TR (31) P, 2R Ris g
SR, B 9(a) [FIEE S T AL 1 i
AL PR A, W &AL e e — 3L

& 9(b) i i 5 3 (1Y 22 (E A2 A, P2 22
4 0.02 mm, e KA 2E Op.max A 0.29 mm, HEANE
BRI 2T K. I 25 5K A 43 th BRAE fin i
h, AR AL AR S 3

2 R R AR R B ] A AR AR A 5] 10(a)
JIr7s . Herb AR 34 RS JIT 3K A Ik ][] B A Sy
0.3 s. MRPEER2ZZMEIB A, DI ol B A B0 i 2
o MW IZTH R o< 20 R.max =1.93mm/s. [& 10(b) ;&M
HH S5 ROE M 2ZEA, R 24 1.11 mm/s,
FrifEZE R 0.31 mm /s, fFA1RZEHTEs 5. HadiE
U Ty ] ] AT AR e R U R R (H 2
S R TR AR T B, SEBR I, T AR BAAE
LR THBE.

0.4
500 | (a) —— Measured value g (b)
-+ Linear fitting value g
~
E 400t §
g pe}
Z 3
g 300 “;-;
£ 126 v
9 g
= 5]
2 200} g
2 125 8
100 J %
124 A
6.2 6.3
0 . . . . " _oguals . . . . .
0 5 10 15 20 25 0 100 200 300 400 500
Time/s Displacement/mm
8 (UBMELR (o) MBS AR A AR AL (b) A7 FS M 22 Bl 7% (1 A2 4k

Fig. 8. Measurement of displacement of metal plate: (a) Change of displacement with time; (b) change of displacement deviation.
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Fig. 9. (a) Change of measured displacement and set displacement with time; (b) deviation of measured displacement.
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Fig. 10. (a) Change of measured speed and set speed with time; (b) deviation of measured speed.
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Abstract

Real time detection of object motion is widely used in industrial activities and daily life. The contactless
measurement is a flexible way, which has no effect on the state of movement of the object. Compared with the
optical, ultrasonic and laser sensors, microwave radar has the advantages of high measurement accuracy and
being unaffected by the environment such as smoke, dust, fog, and rain.

The frequency modulated continuous wave (FMCW) radar is a widely used radar system, the echo of which
contains abundant information, and there is no blind zone in the range because the transmitter and receiver
work at the same time. The algorithm of movement detection of FMCW radar is commonly based on the peak
estimation of signal spectrum, in order to achieve high accuracy, it is necessary to increase the frequency and
bandwidth, resulting in high hardware complexity, a large amount of calculation, poor real-time response and
poor anti-jamming ability. The proposed algorithm is based on the discrete Fourier transform with specific
frequency of the beat signal. The real part and imaginary part of discrete Fourier transform are superposed in
two perpendicular directions, and the resultant trajectory is approximately elliptical. The relative displacement
of the object is proportional to the cumulative phase change of the corresponding points on the ellipse, the
phase of each trajectory point can be calculated to restore the motion state of the object. The proposed
algorithm does not need Fourier transform for the beat signal of each chirp, so the time complexity is low. The
beat signal of the static object is processed into a fixed direct-current signal, which has no influence on the
measurement of the moving object, therefore the algorithm has the ability to resist the interference of the static
object. The measurement is limited to relative motion, because the phase obtained is relative. It has great
potential applications in the fields of measuring relative displacement, such as mechanical vibration frequency,
vital signal detection, mechanical arm control, etc..

An experimental setup with a center frequency of 24 GHz, bandwidth of 0.15 GHz and frequency
modulation period of 4 ms is used to test the hypothesis. The experimental results are in good agreement with
the theoretical results. The displacement measurement accuracy is 0.27 mm, and the linearity is 0.05% with
500 mm as the displacement measurement range. The measurement accuracy of velocity is 1.11 mm/s.

Keywords: microwave, Frequency Modulated Continuous Wave radar, motion detection, synthetic trajectory
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