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Abstract: The Very Low Frequency (VLF) signal of 10 kHz has strong penetrability of ground objects. Because
of the antenna size, its application is limited. Therefore, it is important to study the VLF signal generation
method based on appropriately sized high frequency radar antennas. The concept of generating VLF signal with
high frequency array antenna is proposed in this paper. The waveform of the emission signal, staggered array
structure design, and array parameter selection methods are presented and discussed. The pulse width of the
composite signal is increased by using periodic pulse signals as radiation element signals. The resting period of

the pulse signals is filled with the pulse width expansion generated by the array and the VLF signal with
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continuous time is composed in the target area. The performance of the composite VLF signal and the energy
utilization of the emission signal are evaluated using Peak SideLobe Ratio (PSLR), Integrated SideLobe Ratio
(ISLR) and through the spectrum comparison between the emission signal and the composite signal. With the
10 kHz VLF signal composed by 100 MHz radiant element signals, the hundred meter array is simulated. When
the staggered array is constituted by nine arrays and the pulse width of the radiation element is set to 0.115 ps,
PSLR and ISLR of the composite signal spectrum are —13.34 dB and —9.44 dB respectively, and the energy
proportion of 10 kHz low-frequency signal in the composite signal is 89.79%. The effects of radiation element
spacing error, time error, phase error and amplitude error of the radiation element signal and the target’s
deviation are analyzed. It is found that the proposed method is an effective one and the simulation results have

illustrated the effectiveness.

Key words: Frequency transformation; Electromagnetic Doppler effect; The staggered array; Periodic pulse

ERE

train signal; Very Low Frequency (VLF) signal

1 5|5

10 kHz 5 2% FARAT L G5 5 B Bk 1 Hh )
EIERE ST, ATH T HURENRD . g R AR S
FOTRSFRIE RN /4K, B NAGEA 58 I i
o B N10 kHz RS 5 P K N30 km, H
REEES TR SFAET~8 km, KRR FAEL0 km
W, XAEHN BRG], BT E MRS A
TR IA R LR ) ERA R  (5 5 Fe AR T VR A
e

FARS LA 5 — EH RN, T4
AN T — PR AL B K A4 0 i T s s R
INES AR R S R 25 v . 1% T R U R 4y
HLRE, I K REAR UM e 4 BB Rh e i, TR
i R LR R SFRR . BT vk M 2 E R
X, EWAMSEZ IR A TP B, o
RE M AR IE

TESCHR[6] I JEAE b, A SORE RG22 5 80808
AR G A, T A R A R AR S R
SHIIG . . FAIFIE T, DL RSB SR
FEdl, Pl T —MTE H bR XA RERAE 5 1
Fo RSG5 SR EAERE, wl i pas
A AL, R 43T
2 HEURS LM

SCHR[8—11]HET T HE LU 2 1 8 00 1 i 3
DUgsh Bk e S, BlEEEn T HRX, =%
PO T8 AR bR R KT, WA A AR 5 31 R (R, 0, 0)
F1(0,0,0). LAEIEAE SE B BIRRK, HIE
BEhEREF, ERGELANTRK RARELS, KRS
KRB R R RS Eg . bk RPHIEKR
SHE S RN fo, B EIEIZE B0 T A 1) 238 A
FNfa, KRFPERAE ST N for . WENFTR, £
MW E, AMATRESEHERARK . &
XAE K & DO o i il 1 77 9] 38 S 2 i e B 18

z), HAEmshd g, KRS KRB
KES.

LA $1E 3 FEL A IR 25 0 0 2O Tk B -5 AR ) A
I, BT IR KR T AE K R TP IIIK S ek, 1E
K &IOR8 N Tere, KA RIS 5 BBk 9E 9
Tercr Fe T Mm e (R R AT 6 8 IR LG 2
RN, AF T IR A e Mg 3HE T
Tor M 7o IR R FIRK FPGE 5 B TE A4

HZ AN, HHIEEE HRIsEn, K&
HARILAS S K Ve 7o 5 KR RIS T K B e 156

EV|
fc+v
TTK = TeK' (1)
cC—v

Her, oARIEBEERE, e, RN,
HIEKMESEK RS K R IKTERIR R RN

- _ TeKr (2)

v 2
1= (3)
) RAR ()T EKR D E LR ES 5 B
BRI B KR 2

DRl L R AR RS 5 1R K RN 2 AP KRR S8 e 525
9N

Coordinate system K
z
Coordinate system K’

Z'T v
—

<} <

\ i

f 10z z
ﬁ R v

4

1 BBz R R A

Fig. 1 Radar motion diagram
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Tab. 2 Spectrum parameters of the composite signal influenced

by different errors (dB)

W WAl S EL Ry S EL
HR G FR T A] B R 22 -13.31 -8.95
ARG B TR T I )5 2 13.34 7.64
AT E SRR ZE -13.34 -9.07
ARSI E SR IR 2 13.34 9.33
H ARTE voy T P4 FE 25 FE 513 54520 km ~13.34 -9.44
H ARTE zoy T I P4 #E 25 M 513 %7540 km 13.34 9.44
HFRE R ES 1 km ~13.34 -8.97
LR IRE ~13.28 -6.63
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