Vol. 44 No.2
Apr. 2022

a2 M
2022 4 4 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

doi:10. 11887/j. en. 202202015 http ://journal. nudt. edu. cn

BERRROAMNEETRKEL

T BT A ASH
(L BBAHR S S FAFF0, 316 K 410073; 2. PRRMAFHLEAIAD, 4 KL 430034)

W B ARSI R R IO AR 3R R ) O R PR L R AR R TR U R A A BT
WHE T —Fh 77 GHz 2K R I s B3k, IR 45 T ST 01 FBE B R AU it S S PERE I R AR S5
. 524 GHz K P BIB AR &2 T iR A7 LU AL, 45 SR 3R W, Tl i) 22 oK i I 28 00 W it 7 ok B R RR T it
FIFE/N B AN S, TR M ER K.

SRR 2R TR IR K B T s i ik R M=

FE 5K TNO5 XEFER A XEHES1001 -2486(2022)02 - 118 -05

Nano millimeter wave radar for bridge cable tension measurement

WANG Jian' , WANG Xiang® , ZHOU Zhimin'
(1. College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China;
2. China Railway Bridge Science Research Institute, Ltd. , Wuhan 430034, China)
Abstract; After the detailed analysis of the diffusion characters of bridge cables, the principle of vibrating frequency-based cable tension
estimation, and the principle of interferometric deformation measuring radar, a nano 77 GHz MMW ( millimeter wave) radar was developed. A set
of key parameters were achieved to control the maximum range, the deformation estimation precision, and the dynamic deformation measuring

performance. Field experiments were conducted to compare the performances of the MMW radar with the 24 GHz K band radar. Results show that

the new radar is a compact, light-weighted, low-power consumption,and the radar is of great value in cable tension measuring applications.
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Tab.1 Parameters of the two radars
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Fig.1 Antenna array model and a picture of the MMW radar

3.1 BEUEHBEX LS

ML HAR R 0.2 m =M, BEHEEY
2.5 m,MMW 5 ik (4 i 530 R 28 40 MHz/ s, 45 3L
R 921 3.3 GHz, K B I8 A BUE 5l
$e2 1 GHz, PIANET A K oh 4 45 SR an ] 2 e
N, BT MMW 355 540 58 3R, BB 0 B

0 5I ll() 1I5 2‘0 25
BB /m
(a) ZTHAM MMW ik —4E R 2514
(a) One dimensional MMW radar image of a trihedral
160

140
8
Z 120}

@ 100

80 -

60

0 K 5K 1‘0 1‘5 Z(I) 25
PEEg/m
(b) =T K P BrR B —4EE g
(b) One dimensional K band radar image of a trihedral

B2 0.2 m =Ta R kTS 5

Fig.2 Pulse compression result of 0.2 m trihedral



42 1

T, GO Ty I K R A - 121 -

K P B ik iy 3 1%, BERG p PEA TR, DX X 53
APIERIR I BE e = MA7E MMW Bk EE
(ALK 2. 58 m,SNR 27k 35 dB, 7 K P B ik
R 2. 56 m, SNR #5745 51 dB,

R[] 22 70T 45 3 = A 9 A2 i Ze an & 3
Jizs, Her MMW 573K (7B A2 9 5 J5 2 ( STandard
Deviation, STD) 1] >4 0. 001 45 mm , K J¥ EZEEE T
B 77 7% /0. 000 61 mm, BiE A2 7.5 dB, BT
PIFhET IR K AH 25 10. 1 dB,SNR 425 16 dB, i}
Pl (10) T RIE ARG AR 2229 5. 9 dB, 52 A
P EEAART

~ =~ =24 GHz, STD=0.000 608
77 GHz, STD=0.001 451

...............................................

A /mm
o
S

J&/dB

K3 =TI AL R A AL Ty %
Fig.3 Displacement curves and STDs of the trihedral

3.2 ZLRRAFRFRMIRERT L o547

MR (11) , AT DI 2], YRR k=
40 MHz/ s I, e RABOBIVE TR B N R, =
23. 44 m  VE R B e /0N , X LA f B A1 S BR AT 2
PLRMIAER , K B AR Z 10 M2/ ps, e R
PR B INE] 93. 75 mo, WA R KU T A
W BT UL LT, 20 2 5 42 5 200 m 147 K
IR, B PO AR TU R IR 45 A 13 ARPLER, KR
HER QN ] 4 Fr 7, D 7 8 AR AT — 4k I B4R a0
Bl SN, Al L hi & i SNR 7E MMW FiEH £
10 ~20 dB, e K 35BS 55 157 £ 4 20 ~ 40 dB,
PR IR TEAH R B B R R EME 22 57 5 =1

(a) MMW F5ik 8
(a) Picture of the
MMW radar

(b) K P BrikERA
(b) Picture of the
K band radar

K4 R scilids
Fig.4 Cable tension field measurement
S 5 ARPLAR IEAT 43, m] A HOR A2 it 2 A
PRI ANE 6 FroR . PRt 2 AN A, b

SCIEAN] , DT A e A7 A 2257, SR i o A%
AT RTR, A R R4 RE A MERA AR IR R (1 00
e ZE RS : MMW SR K R, A 5 7 A
RIS , AR SR 2 AL ol A/4 a2 i

60

T
|
|
|

50 I

|

J&/dB

&

40

30,
HiE/m

(a) HIZRH) MMW 75 ik &1
(a) MMW radar image of a group of cables

130 T
120+

100

=
H

80

L

601
50

(
Rk
0 20 40 60 80 100
[ /m
(b) FLRM K BB ik KB
(b) K band radar image of a group of cables

KIS AR R 4R B R
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