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Abstract
A 77 GHz ISAR two-dimensional imaging system was designed to address the problems of high
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imaging resolution and speed requirements in inverse synthetic aperture radar (ISAR). The imag-
ing was performed using the range-doppler (RD) algorithm, while an ADC acquisition board with
an FPGA core was employed in the central control acquisition system. A wideband RF source with
a frequency of 19GHz and a transmit/receive module adopting a multiplier amplification structure
were used. The central control acquisition board controlled the rotation of the turntable and gen-
erated a sweep signal via the RF source, in response to the instruction signal sent from a host
computer. After being doubled to 77 GHz by a transmitting antenna, the echo signal was received
by another antenna and down-converted into an intermediate frequency signal that entered the
acquisition board. The sampled data was eventually transmitted to the host computer for recon-
struction through algorithms. The testing results indicate that this system achieved 77 GHz radar
signal generation, a clock synchronization accuracy of 78 ps, the highest sampling rate of 250
MSPS, the maximum transmission rate of 5 Gb/s, and that the intermediate frequency digital sig-
nals collected by a single channel ADC could satisfy the theoretical resolution, i.e. 6.9 cm x 4.0 cm,
for two-dimensional imaging. This system had high signal bandwidth, fast sampling rate, high im-
aging speed, and resolution, which met the demand for two-dimensional object imaging in prac-
tical engineering.
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Figure 1. ISAR turntable model
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Figure 3. Functional block diagram of the ISAR imaging system
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Figure 4. ISAR imaging system hardware circuit design
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Figure 7. Diagram of random synchronization error

7. B R EE

DOI: 10.12677/sea.2023.122021 215 BTSN


https://doi.org/10.12677/sea.2023.122021

&b, REEM

BIIRAFE BH 0 250 MHz, W 22742 4 ns (KA BE, F KBS 5 R BENLE S AR HEZ o~ 1.15 ns.
SR ISAR HIEFRWCREHEIE R Bk R4 B, R R GURE B s ORI G W%,
BOSURE (B RAFE S BA AR R AL Bl o 2R ZE (R B 17 [R5 5 A BRI 98, ATTRE ISAR —
HERSB 0 HER . Wb PR BT 1 AR A R B, SO SRS A IR, A 8 B
o i clk2 AFIERCR @ IRA RO B, SRABEACRE RGBS AN By SRR
[ 5 ik e 5 SR A B eIk 2 IR) AR AH S 25 Aph RO & o AH LA TEACHRAR IR AH 57 25 X SRAE IS Bgh AT 4, #b
5 56 BUG AR BT BRI clk3 JF HARN PLL B B0 Fr o BPRIot 1y ol Hh 2 B 8 3 VIR, 2 Ji5 KA R G 1
TAER S 505 S IR B RARGL, SEBL T REEN B 515 S U5 e [R5

tE S,

a4

Figure 8. Clock synchronization module logic design block diagram
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Figure 11. Block diagram of Gigabit Ethernet communication circuit
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Figure 14. Target sampling result plot
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Figure 15. Imaging renderings
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