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Fig. 1. Schematic diagram of the radar’s movement.
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Fig. 2. The emission/received signal waveform and spec-
trum of doppler effect: (a) The emission signal waveform;
(b) the received signal waveform; (¢) spectrum of the emis-
sion/received signal.
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Fig. 3. Schematic diagram of decomposition of moving radar in space-time coordinate system.
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Fig. 4. Schematic diagram of the array antenna structure

equivalent to the moving radar.
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Fig. 9. Waveform, spectrum of the composite signal and the
spectrum comparison between the signal transmitted by the
array and the composite signal when the phase modulation
frequency of radiating element signals being 39 MHz: (a)
Waveform of the composite signal; (b) spectrum of the com-
posite signal; (c) spectrum comparison between the signal
transmitted by the array and the composite signal.
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Fig. 11. Waveform and spectrum of the composite signal
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scanning angle being 45°: (a) Waveform of the composite
signal; (b) spectrum of the composite signal; (c¢) spectrum
comparison between the signal transmitted by the array
and the composite signal.
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Table 1.  Simulation parameters of the composite

signal when beam scanning angle being 45°.
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spectrum of the composite signal; (¢) slow time phase differ-
ence with that of low frequency signal.

% K&

S55 HUREN 25 ) I BRI R, A SCRIFSY
TARIHE S 7= Tk, IFas I TSI ELAE R,
OITESRTE , BT RIS R T A —E R

(@) |

Amplitude/V

99.5 100.0 100.5 101.0 101.5
t/us

(b)

—10}

—20 +

—30 F

Amplitude/dB

—40

—50

—60

H‘ I

f/GHz

0 0.5 1.5 2.0

& 16 S )RR R B M 96 AR 5 IBOE 58K (a) &L
FSIIBIE; (b) & BUE S S

Fig. 16. Waveform and spectrum of signals composited by
equally spaced sparse array: (a) Waveform of the compos-
ite signal; (b) spectrum of the composite signal.

* 3 SFMFRREAE T S RUE SRS
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Abstract

Generating low-frequency electromagnetic waves based on high-frequency antenna and illuminating targets
with multi-band signals can be an effect way that can not only reduce the physical dimension of a low frequency
antenna, but also improve the performance of radar detection. Combining the electromagnetic wave doppler
effect principle and the array antenna architecture, a method of generating a low-frequency signal around the
illuminated target is proposed based on the controlling of array antenna parameters, including array radiation
element signal timing, phase and element spacing. The principles of array parameter design are described.
Composite signals are simulated respectively under two typical geometric relationships between targets and
array antenna, target located along the array direction and in the direction of 45° scanning angle. The peak
sidelobe ratio (PSLR) and integral sidelobe ratio (ISLR) are used to evaluate the quality of the composite
signals. Aiming at practical applications, the effects of array element spacing error, phase error and target
location error on the composite signal are simulated and analyzed. Under the condition of sparse uniform array,
the influence of the radiation element spacing on the composite signal is analyzed. The simulation results show
that the harmonic components of the composite signal increase with the radiating element spacing error and

phase error growing.

Keywords: frequency transformation, array antenna, doppler effect, thinned array
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