£A6K F6M
2024 %11 A

MBRART ALK
COMPUTING TECHNIQUES FOR GEOPHYSICAL AND GEOCHEMICAL EXPLORATION

Vol. 46 No. 6
Nov. 2024

TEHE. 1001-1749(2024)06-0744-08

BETHRMEEXR & T RMENERBHEE M T

ZEMAL IR E HL K R ERSL.E-N.2

%2,3

(1. J & ¥ WA PR AE &) 4 LAk b Byl 5280005

2. "M WA R A AR A8, T M
3. W MAFAFRIEA RTALANE M

510663;
510663)

B OE AR TEARRAREYILER L, E N R BT SEEREN, EAp AT,
ST T RHF X A 89 bowtie R & 77 @y AFAE AR e B L AR B T —Fh 8 A AR F X 7 S5k

HM T EAR ARG T T R, G aSIFL
JGItFE S A B, AN EAL BB TR

R o0 3R, o 5 & BAT R A B R
FiE 50, & A8 W Y04 B AT R AL I AR BAK

B R B IE k0 AR £ AL 500, TR T A YR 5 2 4,

K WEFLR; AREY; RE&Tmk; 2R

FESZES: P63l XErFRER: A

0 5IF

Wt A ST PR i » R R AN T . ELAR
Z R A B A R R K A T A R R R
SRR T R R i S T B R

AT 2 2R B REA 2E AT s S5 R ] )
FAHLEE 57 2 0 B A5 5 s S s il
SrATH R R R . AN N 4
VS S AREN PV 8 | LIV A1 SRR
550 BORPULRAG T  — B RSN B E B . 5
M7 IR e TR 2 R L A TR AR B
VR T KA S R AR AR
JEIE A TR 1) L i S L D8 e WA PR A
AR R R A A SO RIS S B P AR
T AL AL BRI RIS i n] A 2 R A1 o
YSEFAE B o ARG AL B F B 1 3R G5 b I A
- R E

BAg B H . 2023-08-17
RemA . di e RAEAE B (GDKIXM20220265)

DOI: 10. 3969/j. issn. 1001-1749. 2024. 06. 13

PR T IR AR B AL 4 E O P I N BB
TE LA [ SR A AR 2 M . e AR I Rl 5
X I DX IR A A2 AR BB T H AR B-Scan
(39 [T 450 o i XSt 2 BRI AE T 05 - 25 5 A o
T HPRIRIE . D e o PRI IR AR R 5 5 o
RRE AT I T R [ 54k P55 2 R IR 1 45 T
G ) i i 2 T R 3R 2 Y AT R )
B RS BRI R AR R | B S E RIS
BRVCHC J7 i) B 25 2 i i A 46, X
—RN TR REDT 5 mT LU s HARAS I8  (EARIH
it B R I 25

(i) bsf 1 3t 775325 9 R il 2 XUt 2051 S B PR
T EA TR | g B 0 S IF 2 7, D03k 2
Y PRE G IR . L, 2B 4 — Pl T 4K
M 7R IR R AR T ) P 1) B P 48 07 0y 1% S B e
FL A DR P

bk FRMAAITT ) AH HATRF, EEAF B AREFA R, Email: 1957852@qq. com,



6 A ZEAE.F A THRATARE S Gbbeg A w4457 ik 745

AT W A Y SRR S B Wy 1, HLARSY

1 PR EEIE R Ty 1 1k STRRT {4 .
L1 RERREHEN o .

FEIE AT BT, 5 TR 1 T 3K AR fRT Ak o BARL S
P G AE S BRI AR . SRS ALT 1
PR ER TR RZ B — 5 1 7 1l 1, AR D A 3 5)
iR . AT R A L S R H I AYJE bowtie
RS — b ST ) B Rk H 4G an &) 1
FiR . E#% FH HESS #E 7% R 2 B
R, BARSHOLER 1. KRR R 6 mm, HIXF /i H
HHCH 6.,

Bl 2 % bowtie KLk S11 fiZk, KL H L%
A 1.25 GHz, TAESB N 1. 1 GHz~1. 5 GHz, £
TP S11 #4/8F—10 dB, [ i 76 52w F
T ORI R AT R 1 7 [ o BV R L ER 1k R G
P 22 R ) M A, — R R R 1 A e
AU BRI, 450817 1.1 GHz,1. 25 GHz
5 1.5 GHz R R&m 77k, B 3 K& E
A H 1w E— Ak 5 1) B S = e Gy L R
bowtie KL A THEMT , FEEUT E 18 [0 T & 5 B4
U S I B2 7R 4R S Ty T R 0 b et 5 ki
T NI 5 4 5 . 76 KR TARSHE S P > bowtie X4 S11 #12
B3 1o Pl v B S L SO T X b i Fig. 2 Sl1 parameter curve of bowtie antenna
U PR TEE L 60° . R 2k i = 4k 58 54 7 1) &

Bl bowtie & F%HE

Fig. 1 Bowtie antenna diagram

1.0 1.1 1.2 14 15 16 1.7 1.8 19
$ii# /GHz

30, 30N 30 0
-0/ / —60, .60 —60/ ) Neo
/ / / £ \
) \ f R f Vo
—90 - Effi 190 —90 - EIi 90 —90- I 1%
t / { b :\ { ‘* \ f”‘
Hii Hifi /
—120 « 120 —120 / /120 —120 ~ 120
—150 “ i 7T150 —150 150 —150 == 150
180 —180 —180
(a)l.1 GHzJH—1k 7 (b)1.25 GHz)A—1k )7 [ & (c)1.5 GHzJH—4LT7 A
o in’ dB(GainTotal)
Max: 546 %Egl(;xa(lgggo)l =D %Egga(d;?; b Max. 4.65 Theta (deg)
—I 0 g 5.0, IT e
: ) ) , \
0 Py \ —25 // !
/ %
: [ 120 _32 Lm, \%20
_ 40)- S s % 5.0
1005 Optiden) =100 —100| | ‘\egf |dB(GainTotal)
-5 (GainTotal) —1as| \ N ot
=20 | 129 4 ~150 VA
s S ) —1175 '
Min:—22.62 Mo Min:—17.43

(d)1.1 GHz=4E4R 7 17 15

(e)1.25 GHz =44 )y 1) &l

(1.5 GHz= 4@ 5t 77 10

3 bowtie R& W E@mf Hima—br mE S = k42455 a A

Fig. 3 Normalized directional pattern (E-plane and H-plane) and 3D radiation pattern of bowtie antenna
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Tab.1 Bowtie antenna parameters
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Fig. 4 Effective detection range of ground penetrating radar
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Fig. 5 Rotation measurement of ground penetrating radar
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Fig. 6 Rotation measurement of ground penetrating radar at two point
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Fig. 7 Schematic diagram of ground grid division for detection
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Underground cable target detection method based on antenna directionality

of ground penetrating radar

LI Guowei', WANG Junbo', TANG Qi', ZHANG Yin', JIAN Ganyang”, LIAO Yifan®, LI Guo**
(1. Foshan Power Supply Bureau, Foshan 528000, China;
2. China Southern Power Grid Research Technology Co. , L.td, Guangzhou 510663, China;
3. Electric Power Research Institute of China Southern Power Grid, Guangzhou 510663, China)

Abstract: Ground penetrating radar is always used for underground cable detection, which requires high specialization and

data richness. Thus, this paper analyze a bowtie antenna, which is often used in ground penetrating radar, including antenna

frequency band characteristics and directionality. According to the antenna directionality, this paper proposed a rotation meas-

urement method of ground penetrating radar to obtain effective and concise detection data. Firstly practical measurement point

is determined through a preliminary exploration of the undetermined area. Rotation measurement is conducted at the effective

measurement points. The underground cable position is obtained by conducting vector operation and combining measurement

point information. A test was conducted to verify the method's effectiveness. The test result s s that this method's localization

error is about 5%. It can be used for underground cable detection.

Keywords: ground penetrating radar;

underground cable;

antenna directionality;

spatial positioning





