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Design of Stepped Frequency Ground Penetrating Radar
Transceiver System Based on RFSOC
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(1. School of Information and Communication Engineering, Guilin University of Electronic Technology, Guilin 541004, China;

2. Nanning Guidian Electronic Technology Research Institute Co. , Ltd. , Guilin 541004, China)

[ Abstract] The stepped frequency ground penetrating radar has the advantages of high sensitivity, large dynamic range, and high
average power. Radio frequency system on chip( RFSOC) based stepped frequency ground penetrating radar transceiver system design
was designed and implemented. The system mainly includes modules such as the transmission link, reception link, clock unit, field
programmable gate array (FPGA) control system, and data transmission unit. By setting multiple numerically controlled oscillator
(NCO) for synchronization between the transmission and reception ends, the carrier was synchronized on the same frequency and
phase, ensuring the phase coherence of radar transmission and reception signals. A receiving time window was also designed in the data
transmission unit. The experimental test results show that the system can achieve the transmission and reception of step frequency sig-
nals with a frequency range of 200 MHz ~2 GHz and a step size of 2 MHz, and can effectively detect multiple scene targets such as free
space, sand pits, and asphalt pavements.
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Fig. 1  Step frequency signal time-frequency relationship diagram
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Fig. 2 Schematic diagram of the original echo of

ground penetrating radar

(] AR 5 904 i 3 5 S5 S5 90 LA R b I B 9 A 3
AT S RN R B AR 0 15 5 A A
TR L 1 R M 3 55 S A I RE R LD
W i 25 15 5 Ak PR g £ MR L, BE A [ s [ 98
Y BEAE R L LR I 0 3 58 S S I Y PO e X
WEEES AR 3t A-scan BB FRIY 5 7EiE
SFMRY SR RL I SR LR 5 258 A
A7 B 101 P A5 5 FEAT I 5 8, 52 B 4 B-Scan
AR

2 SHMES SR

TEARH B 520 HERUAE 5 i BT, 75 20020 gt
WK SERE N Bk A T, PR AF
SR 5E B SRR

JIBETT I 25 B R M R IR UK R G e
RKAFE 1 FR

Table 1 Detection requirements for

stepped-frequency radar
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Fig. 3 Hardware architecture of ground penetrating radar
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Fig. 4 Ground penetrating radar IP configuration
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Fig. 10 Free space experiment scene

TERGHEL SRS  FTHF I, R R &k,
Hrpe kR REZ AR KL 20 em, 7F H H143[E] A-scan
DR vh ) B bR A 53 0 CEE TE X & 5 R 261
0.5.1.1.5 m4b, 23R 3 URASI] G B8 1) M1 , 22
PR HE LR HIA P S A 20 A-scan BN 11 By
No AIUL,0.5.1 1.5 m Ab B AR S5 HRE B 4 B8
B8535k 3. 884 57 7. 158 71 .11. 098 8 ns, il d 7 (4)
THEAS B R A B I 45 50 0. 582.,1. 073 1. 665 m,
5552 PR B AREE B A & 1525 S B fh 130 H ARA
PRI £ 152 22 DA SR ML TR TR R G AT Y

50 cm
1.0} o
——100 cm
X11.098 8 150 em
0.5+
=
i
T
m O
=
g
<
-0.5
—1.0F

12 14 16

0 2 4 6

8 10
HE 4R R /ns
K11 A-scan BWEECR

Fig. 11

A-scan imaging results
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Fig. 12 Free space test results

ZURERE o T L A
K13 Pl

Fig. 13 Sand test scenario

10 em R BV B PR R BT ZE R 2.5 ns,22 cm &
B BN E AR ZE N 3. 16 ns , MR GE ok FH
Bl 0 A0 H AR GRS W, H AR B-Scan
S I BB B VD BT ROk Bz
4.3 iHEBKENR

Wi i v 03 2 T R R PR b R A T T AR
BT T AL 5 19 T it T 4 R R AT R
Wi A i T s an & 15 s

B} fl/ns

I [ /ns

) /ms

02 20 ) o
=
4
05
8
10 =10
05
12 12
14 -1.0 14
16 s OE]

(a) BIEALF R
B-scan B {4 FE B /m SEWTE
0 05 1.0 15 20 * Owﬁf
1.5 0
2
1.0
4
0.5 6
S
0o =8
=
=10
-0.5
12
-1.0 14
16
-1.5
(b) 5 cm H A3
B- scanEl@{ﬁE%/m PEWTE
0.5 2.0 -1 0
1.5 0 —
2
1.0
4
0.5 6
Z
0o =8
=
=10
-0.5
12
-1 14
16
-1.5
(c) 10 cm H 4%
B-scan B {4 P2 /m HBIE
0 0.5 1.0 1.5 2.0 0 1
1.5
1.0
0.5
£
0 =
=
-0.5
-1.0
-1.5

(d)22 em H

K14 Whimas R
Fig. 14 The results of the bunker scan
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