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ABSTRACT

The technique of using very low frequency sign®lsR-Very Low Frequency) is a very
effective tool to study the sudden ionosphericulisince (SID) due to the fact that the VLF
signals are almost entirely reflected at D layed {0 km altitude) of the ionosphere when
disturbance occurs. For the requirement of quigkhsp advanced engineering and technology
to master the research equipment, we bravely s&at for manufacturing equipment to serve
the research and application. In this paper, teeareh group would like to present the obtained
results of applying the VLF receiver made at Nhantr Institute of Technology Research and
Application to study the sudden ionospheric distndes.
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1. INTRODUCTION

A sudden ionospheric disturbance is a natural pinemon, in which the Earth's ionosphere
is temporarily disturbed by increasing of ionizatisources. There are many sources, which
creat sudden ionospheric disturbances but the owmsmon source is solar flare. Radiations
from solar flares, especially high energy X-rays take about 8 minutes to the earth [1].

In the day time, free electron density of D-laigenot high enough to reflect VLF waves so
they go through the D-layer and are reflected lghéi layers (E-layer and F-layer). Energy of
VLF waves is decreased strongly by adsorption ¢tdy@r (Figure 1).
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Figure 1.Variation of VLF signal for a quiet day [1].
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At night, the D-layer and E-layer disappear and \W#&ves are reflected by the higher F-
layers therefore strength of VLF signals increageificantly compared to the time of day.

During a solar flare (solar flares are classified®a B, C, M or X, each letter represents a
10-fold increase in energy output. So an X is teme$ an M and 100 times a C), X-ray
radiations penetrate to the D-layer of the ionosplamd increase the ionisation process and the
electron density, thus leading a sudden ionospldisturbance. The result is an increase in
amplitude of obtained waves because almost VLF wave reflected at the D-layer (Figure 2).
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Figure 2.Variation of VLF signal for a disturbed day withdwgolar flares [1].

Through the International Space Weather Initia{i83WI) program of the United Nations
(UN), the AWESOME receivers of Stanford Univerditging used in conjunction with world-
wide VLF transmitters system to investigate theiaklity of climate, ionosphere and Earth's
magnetic field. In addition, nearly 300 simpler SifBudden lonospheric Disturbance monitor)
have been designated by Stanford University foretbgimg space weather education to be
provided to many schools of the world. Based andbsign of the SID monitor of Stanford
University [2], we made a VLF receiver for reseamghsudden ionospheric disturbances in
Vietnam.

2. VLF RECEIVER (SID TYPE) MADE IN NHA TRANG

2.1. Antennas of VLF receiver

The VLF receiver used a wire loop antenna [3],résearch group has built a small antenna
with 50 turns (0.6 mm diameter core) on a 1 m sg|frame (Figure 3).

Figure 3.Manufacturing a small square frame antenna usedlf6rreceiving antenna.

This antenna is easy to build but it has the disathge of being not durable when used
outdoors, due to direct impacts of rain and suraddition, the direction chart of this antenna
can be distorted by the antenna effect to frameTHérefore, we have decided to build a small
circular frame antenna with metal casing (Figuréoddnhance the quality and protection ability
of the antenna against the effects of the enviraninty using an old direction finding antenna,
we have to disassemble the frames, cables ancppsexamately 200 meters of insulated wire to
wind the wires in metal casing.
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Figure 4. Manufacturing a small circular frame antenna withaheasing.

2.2. Main board and frequency filter board

84

Figure 5.Boards of the VLF receiver have been manufactucadpdetely.

The main board includes parts, which are numbere&d 2, 5, 6, 7, 8. The frequency filter
board (numbered 4) is made independently for edgysment of frequency and is mounted to
the main board (Figure 5).

1-
2-
3-

The Power Supply +/- 5 Volt DC.

The TNC input feeds the broadband signal in froenghtenna.

The Preamp circuit: Based on the amplification fiorcof the operational amplifier,
preamp circuit is designed with two stages, whih r@on-inverted input and inverted
input. The total gain is about 42,000 times and banadjusted by an adjustable
potentionmetter.

The Frequency filter board: The Frequency filterafabis designed based on the
MAX275, which is continuous-time active filter [SThe center frequencies can be up
to 300 kHz,and are accuracy to withid.9%. The MAX275 comprises twd“Dder
sections. Eeach section can implement any all{patelpass or lowpass filter response,
such as Butterworth, Bessel and Chebyshev, andagrammed by four external
resistors.

The Post gain amplifier: This stage is a backuptsmi for the too weak input signal or
poor quality antenna designs. This is done by an giéde switch, which allows the

selection of three different gain factors.

The Amplitude Modulation Detection Circuit: The VLFansmitting station’s signals

often have a fixed frequency and a fixed amplitudewever, under the effect of the
ionosphere these VLF signals received at the rawgistation will be changed phase
and amplitude. The variation of VLF signal ampl#ud monitored using a circuit full

wave rectifier.

The Audio output circuit.
The Data output circuit.
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3. RESULTS AND DISCUSION
3.1. Result of VLF receiver manufacturing

On Figure 6 is the VLF receiver completely manuifeetl at the Nha Trang Institute of
Technology Research and Application.

Figure 6.The VLF receiver has been manufactured completeNtia Trang, Vietham.

Because the received signals directly from the rar@evary with the fluctuation of the
ionosphere so the output DC voltages at the Dafgubgircuit also vary and are stored as data
files on a computer via USB NI card 6009 and Lalwogram (Figure 7).

£

Figure 7.Recording data to computer using USB NI card 60@9laabview program.
3.2. Results of monitoring the SID events by the ME receiver in Nha Trang, Vietnam
The VLF receiver was manufactured completely in #atg2014 and has begun to collect

data continuously from September 2014 untill nowwe WLF data have been collected in the
text files (* .txt). The sampling frequency is Ingale / 5 second@igure 8).

| » Computer » DATA (D:) » GHLFILEVLF » GHIFILE_VLF_VISUALBASIC » VLF_DATA
rganize - Include in library = Share with Burn Mew folder
&l Fortran = Name Date modified Type Size
 Jl GHIFILE_VLF )
: [ file_010714.5et 02/07/2014 D918 Text Document 149 KB
P DLy [ file 0207146t 03/07/2014 10:26 Text Document 455 KB
o il [ file_030714. 1t 04/07/2014 09:48 Text Document 415 KB
PR FIE AL B [ file_040714.bet 05/07/2014 10:09 Text Document 263 KB
e [ file 0507145t 06/07/2014 11:02 Text Document 131 KB
=W GHERIEVREAGSUALERGE [ file 060714 1t 07/07/2014 08:50 Text Document 227 KB
j :tE*?RA;gRAM [ fite 0707145 08/07/2014 08:28 Text Document 248 KB
= [ file_08O714. 1t 09/07/2014 08:28 Text Document 260 KB
P LN OO G000 [ file_090714. bt 10/07/2014 08:37 Text Document 105 KB
MG | shnew sofbaale il [ file 100714 5t 11/07/2014 08:35 Text Document 81 KB
= £ file 110714 e 12/07/2014 08:01 Tt Document 42 KB
& R PAydocuments [ file 1207146t 13/07/2014 08:04 Text Document 43 KB
= "D::::_B?ET [ file 1307146t 14/07/2014 08:03 Text Document 24 KB

Figure 8.The original data of the VLF receiver in Nha Traxgetnam.
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The VLF data have been processed by the prograahsiive been written by the research
group in IDL language (Figure 9).

mDLDM]meeﬂtE ironment T -

File Edit Search Run Macros Window Help

D[] @| | x| & |Sl@|@]| WIS|m]) ofo] olu]e] 2] oo N6

CAIDLS2\CHUONGTRINH_VLP.CHUONGTRINH_VISUAL\xulydothiVB_V5.pro

I HaME:

: EULYDOTHIVB_WS  FPRO

: PURFPOSE:

: Ve do thi cac file chi tist wa cac file =o lieu VLF tung ngay hosc theo cac ngay cus tung thang theo gio LT

: (¥YD: D:~GHI_FILE VLF~2014VE~2014_ 09VBE-~SOLIEU_HGAY-~140908_VE. t=t)
o CATEGORY :
: Ve do thi theo gio LT
; CALLING SEQUEHCE:
: HULYDOTHIVE VS
: INPUTS:
H Hhap =o lisu tuy theo visec chon menu thuc hien
; QUTPUTS:
: Dinh nghia mau cho 30 — 31 ngaw.
Hien do thi we cac file =o lisu tung ngawv.

H Hien do thi we cac file =0 lisu cac ngay trong tung thang
: FUHCTION:

SONGAYTRONCTHANG . THANG , HAM

Them han

B HaQ_SHMOOTH, X, ¥
: MODIFICATION HISTORY
Written by Vinh Hao. 30-08-2014.
Hodified by Winh Hao. 10-10-2014.
Applied Fhwsics deparment .

<

% Compiled module: HAO_SMOOTH
% Compiled module: }ULYDOTHIVB_VS.
IDL> =ulydathivB_S

1 -%e do thi so lieu ¥LF cac ngay trong tung thang tung nam theo gio LT
2 - Ve do thi o liew WLF tung ngay trong tung thang tung nam theo gio LT
3 - Ve do thi o liew WLF tung ngay trong khoang thoi gian khao sat gio LT
4 - Ket thuc chuong trink ve do thi so lieu VLF theo gio LT

Chon cong viec[1... 4]

Figure 9.Data processing programs of the VLF receiver ib language.

Some initial processing results for the months &aper - December 2014 are presented on
the Table 1, Figure 10 and Figure 11.

Note: - SID events are published by website Ameriéssociation of Variable Star
Observers [6].

- LT in Nha Trang, Vietnam = UT+7.

Table 1.SID events that were observed on data of the VEEiver in Nha Trang, Vietnam.

Importance| Peak of event (UT) Day Peak of even) (LT Day Month | Year
2+ 23:16 23 06:16 24 09 2014
3+ 05:44 26 12:44 26 09 2014
2+ 02:58 28 09:58 28 09 2014

2 04:41 29 11:41 29 09 2014
2+ 03:10 2 10:10 2 10 2014
2+ 04:20 3 11:20 3 10 2014
2 09:28 9 16:28 9 10 2014
2+ 09:35 10 16:35 10 10 2014
2+ 08:50 16 15:50 16 10 2014
2 09:09 20 16:09 20 10 2014
3+ 10:30 29 17:30 29 10 2014
2+ 08:25 3 15:25 3 11 2014
2 08:38 4 15:38 4 11 2014
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2 03:13 9 10:13 9 11 | 2014
3+ 03:18 12 10:18 12 11 2014
2+ 08:38 25 15:38 25 11 2014
2 10:10 27 17:10 27 11| 2014
2+ 02:07 29 09:07 29 11 2014
09:27 2 16:27 2 12 | 2014
08:53 4 15:53 4 12 | 2014
2 04:32 14 11:32 14 12| 2014
2+ 02:38 18 09:38 18 12 2014
2 05:24 25 12:24 25 12| 2014
- =
_3(32 o= 0D o6& DB 1O 1—;,-'-.192(|_1—) 1 a4 1 6 18 =0 == ;4
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Figure 1Q The VLFaverage data for the months September — Decembtidri@Nha Trang, Vietnam.
3.3. Comparing processed data of the VLF receiveniNha Trang with the other results

The data processing results of the VLF receiveb (§fpe) in Nha Trang, Vietham with
signal frequency 21.1 kHz from 3SA station (Chinegd compared with the results of the VLF
receiver (SID type) at A118 station, France wittnsil frequency 22.1 kHz from GQD station
(England ) and signal frequency 23.4 kHz from DH@g&8ion (Germany) [1].
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VLF DATA FOR 2Z2014—09—24 IN NHATRANG, VIETNAM
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Figure 11.Some results of monitoring the sudden ionosphasitidances for the months September -
December 2014 by the VLF receiver in Nha Trangthéden (the arrow indicates the position, at which
appears sudden ionospheric disturbance causeddryfisoe)

In addition, these data were compared with the dathe AWESOME receiver equipped
by UN in Nha Trang. However the data of the AWESOMiEeiver used to compare are
presented in decibel scale and duration of eackeguylots is 400 seconds. Some comparative
results between 3 receivers are presented in Fidurd=igure 17.

88



Study of sudden ionospheric disturbances using very low frequency receiver in Nha Trang, Vietham

WLE DATA FOR 2014 —09—24 1IN NHATRANG, VIETNAM
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Figure 12.Results of monitoring the sudden ionospheric digtoce event with level of importance 2 and
peak occurred at 23:16 UT on the 23 Sepember 2@td abserved by the VLF receiver in Nha Trang,
Vietnam (a) and the VLF receiver at A118 statiomr€e (b).
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Figure 13.Increase in the amplitude of 20 dB and lasted Iotiygn 25 minutes of 3SA signal on the data
of the AWESOME receiver in the event occurred al83JT on the 23 September 2014.
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Figure 14.Results of monitoring the sudden ionospheric digtaoce event with level of importance 2 and
peak occurred at 08:38 UT on the 04 November 2044 wbserved by the VLF receiver in Nha Trang,
Vietnam (a) and the VLF receiver at A118 statiomr€e (b).
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Figure 15.Increase in the amplitude of 10 dB and lasted Iotiygn 10 minutes of 3SA signal on the data
of the AWESOME receiver in the event occurred aB88JT on the 04 November 2014.
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Figure 16.Results of monitoring the sudden ionospheric ditoce event with level of importance 2 and
peak occurred at 08:53 UT on the 04 December 2&té wbserved by the VLF receiver in Nha Trang,
Vietnam (a) and the VLF receiver at A118 statiorgriee (b), GOES 15 is satellite data on solar dlare
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Figure 17.Increase in the amplitude of 20 dB and lasted Iotiygn 15 minutes of 3SA signal on the data
of the AWESOME receiver in the event occurred abB8JT on the 04 December 2014.
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4. CONCLUSION

The research group has manufactured completelylifrereceiver in Nha Trang, Vietnam
and has written successfully the data colecttiod data processing programs for the VLF
receiver.

The results of data processing for the VLF receimeha Trang, Vietham are consistent
with the results published of the VLF receiver dtl8 station, France. The VLF receiver in Nha
Trang has also observed a number of sudden iondsptisturbances monitored by the
AWESOME receiver of UN in Nha Trang.

The VLF receiver data in Nha Trang, Vietham haverbeollected continuosly 24 hours.
These data have been organized and stored inem®ist way and have been always ready to
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serve for scientific research. Thus, besides tiwtieg equipments in the country, we believe the
VLF receiver in Nha Trang would be an effective me# enhance monitoring data system for
study the ionosphere in Vietnam.

This initial success opens the possibility of depélg space weather education and reseach
in the universities and colleges in Vietham andé isotivation for us to develop confidently
towards equipment manufacturing for research apdicgion in the field of space science and
technology in Vietnam.
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Ki thuat Sir dung tin hu tan < rat thap (VLF-Very Low Frequency) la &1 céng @ rét hitu
hiéu dé nghién &u Nhiu loan Tang dién li Bit ngd (NLTDLBN) do tin héu nay u nhr bi
phan xa tai 16p D Tang dién ly (6 do cao 60 - 90 km) khiady ra nhéu loan. Véi yéu cu nhanh
chéng Am bit cac K thuat va cong ngé tién tién dé lam chi céc thét bi nghién @u, ching toi
da manh can d& ra muc tiéu tr ché tao thiét bi phuc wu cho nghién éu vaung ding. Trong bai
bao nay, nhém nghiénira xin trinh bay Et qua thg ding may thu tin kiu VLF duoc ché tao tai
Vién NC&UDCN-NT dé nghién éu NLTBLBN cho muc dich gido dc thoi tiét khéng gian.

Tur khoa:tin higu VLF, may thu VLF, nHu loan tangdién li bit ngp.
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