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Abstract—A software wave receiver was aboard the SS-520-2 | L ____.
rocket as a part of the plasma wave analyzer and successfully ac- VISkHz - ISkHg 4skHz = VLFDieol| Dsp
complished waveform observations and spectral observations. In £* i . L IS ADI R msazocal'
the present paper, we describe the specifications and roles of the
software wave receiver on the SS-520-2 rocket experiment. This
receiver consists of a waveform receiver using real-time data com-
pression and a spectral receiver with high time and frequency res-
olution using a programmable down converter. We report here on
the first flight test of the new plasma wave receiver to be used for
future planet explorers and space observation missions. Every 0.5
s, spectra of a 3-MHz signal with 0.3-kHz resolution are obtained,
and the data compression of waveforms with the bandwidth of 15 Ey
kHz are performed. Although the sweep time was occassionally af-
fected if the data were not compressed enough, no data were lost
during the flight. <>:B" ' S ) '

il q

Index Terms—bata compression, digital down converter, digital g ! '

sweep frequency receiver, plasma waves, software receiver,

$S-520-2 rocket experiment. Fig. 1. Block diagram of the PWA onboard SS-520-2 rocket [12].
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. INTRODUCTION served in space. Plasma wave instruments, especially waveform

LASMA wave observations from satellites are essentif#Ceivers require, huge amounts of data due to the sampling the-

for studying the wave—particle interactions in magnet&®€m- Reasonable telemetry allocations make it almost impos-
spheres. On AKEBONO (EXOS-D), an auroral observatiogible to transmit all of data to the ground. Other issues in receiver
satellite, the very low frequency (VLF) instruments [1], [2] werél€Signs are the restrictions of power, space, and weight in the
designed to investigate the behavior of plasma waves associge@cecraft constrained by the launch capability of the rockets.
with auroral particles. They consisted of the wideband receiverT0 overcome these problems, we have developed a software
(WBA), multichannel analyzers (MCAs), and the Poynting/a@ve receiver that mainly consists of a CPU and a DSP. This is
flux analyzer (PFX). The plasma wave instrument (PWI) [3" extension of the LFA and can obtain and transmit observed
[4], aboard GEOTAIL, which was designed to observe plasn$ita efficiently by performing the onboard signal processing of
waves in the geomagnetic tail, was equipped with sweé}gnals received by an antenna after they have been converted
frequency analyzers (SFA), MCAs, and waveform captu}BtO digital data. Conventional plasma wave receivers mainly
(WFC) receivers. The AKEBONO and GEOTAIL plasma wavé&onsist of analog devices. Itis possible to change the character-
observations have contributed greatly to the progress of magfics of the software wave receiver by rewriting the software for
netosphereic plasma physics. The first Japanese Mars orbifa®, DSP or CPU. This is a sharp contrast to the hard-wired ob-
NOZOMI (PLANET-B) is now in its heliocentric orbit to arrive Servation capability of the conventional receivers. Furthermore,
at Mars in early 2004. The low-frequency analyzer (LFA) [5]t,he volume, power, mass, and cost of the software wave receiver
onboard NOZOMI, has newly designed digital plasma waw® much lower than those of conventional ones. _
receivers that include digital filters and fast Fourier transforms The present paper describes a software wave receiver that
(FFTs) by a central processing unit (CPU) and a digital sign&fS successfully useq in the plasma_wave instrument for the
processor (DSP). SS-520-2 rocket experiment. The required data rate of the wave-

One of the important problems on such spacecraft and pkiﬁ[m receiver was much larger than the telemetry rate allocated

etary probes is the transmission to the ground of the data ¢®it- In order to meet the requirement, a new real-time data com-

pression technique was used. This made multichannel waveform

. . _ observations possible under the limited telemetry rates. Another
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SPECIFICATIONS OF THEPWA
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A/D Bit rate(bps)
Name of receiver || Frequency range | Sampling | resolution Without With
rate compression | compression
VLF Direct-E 10Hz-15kHz 45kHz 16bits 720,000 ~180,000
VLF Memory-E 10Hz-15kHz 45kHz 16bits 1,440,000 ~360,000
VLF Direct-B 1Hz-1kHz 3kHz 14bits 42,000 24,000
EFD 0Hz-50Hz 150Hz 16bits 4,800 -
HF 10kHz-3MHz 9MHz 14bits 27,031 -
total - - - 2,233,831 ~595,831
Launch Apex End
VLF-Direct E » Stop in 180 seconds from Apogee.

P
|

-+ ]
-{ EFD I >
Store the waveform data for 180
seconds before and after apogee
VLF-memory E < ™
Reproduce the data stored on
the memory

-] VLFR-Direct B } >

Observation and Data transmission in the real time base except VLF-Memory E I
e I

Fig. 2. Observation diagram of the PWA onboard the SS-520-2 rocket [12].

TABLE 1l

SFA and MCA functions are important for the spectrum obser-
SPECIFICATIONS

vation, very high time and frequency resolutions have been at-

tained compared with those of GEOTAIL. Iwat al. [6] give Components Type | Company | Note
an outline of the PDC and the performance of the digital swee CPU SH-3(SH7708R) | Hitachi 60MHz
frequency receiver. DSP TMS320C31 TI 50MHz
PDC HSP50214B Intersil 9MHz

SRAM HM628511H Hitachi | 4M x 8bits (x 4)

Il. SS-520-2 RCKET EXPERIMENT DPRAM IDT7016 IDT 16k x 9bits (x 2)

. _— . .. SDRAM HM5212165H | Hitachi | 16M x 8bits (x 4

The SS-520-2 rocket, whose main objective was to identif gpproM || EN58V1001FP | Hitachi | 128k x 8bits ((x 4))

the ion acceleration and heating mechanism in the polar cus  FIFO IDT72245LB IDT 4k x 18bits

region, was launched at 9:16 UT on December 4, 2000, from
Ny-Alesund in Svalbard, Norway, at an elevation angle ¢f 86
and an azimuth of 192 The rocket launch was successful, an
it reached its apex of 1108 km at about 601 s after launch a

splashdown at about 1150 s after launch. The rocket passed nekT [8], and SCIFER [9]-[11] have made observation in or
th? cusdp. 10 0b th the | h timi q .dn ar the polar cusp region, and particle data and wave spectral
h order to observe the cusp, the faunch iming was ecitfiy, paye peen obtained. From these observed data, it is specu-

baseq.on the interplanetary magnetic field (IMF) and solar WINGted that the mechanism starts to work at altitudes above around
conditions observed by the ACE spacecraft, and the EISC% 00 km, and that the mechanism relates to the broadband

radar data on a semi-real-time basis. low-frequency waves in the frequency ranges of the lower hy-
o ) ) brid waves or the electrostatic ion cyclotron waves. However, no
A. Objectives of Plasma Wave Observations in the Polar Cugp,eform observations have been reported on these spacecrafts
In earth’s polar cusp, heavy-ions, mainly consisting aind rockets. Although SCIFER was equipped with an wave-
oxygen ions, are observed, which flow out from the ionospheferm observation instrument, the waveform data have not yet
to the magnetosphere and are heated in the perpendicular diteen published. The generation mechanism of the broadband
tion relative to the geomagnetic field. Because the heavy-iolasv-frequency wave and the detailed relation to the ion heating
are normally constrained by the earth’s gravity, some specifind acceleration mechanisms have not yet been determined.

cceleration and heating mechanisms by wave—patrticle inter-
%gons are required.
N%Some spacecraft and rockets such as AKEBONO, DE-2 [7],
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Fig. 3. Block diagram of a data compression algorithm by subband coding.

In the rocket experiment, the waveform observations al@ng, for the electric field measurements and a ten-turn trape-
made with a fast analog/digital (A/D) converter. In order to arroidal loop antenna with an area of 1060°cfor the magnetic
alyze the plasma waves in detail, waveforms of the broadbaield measurement. The four wire antennas are used as a 10-m
low-frequency waves are necessary. Actually, some plastifato-tip dipole antenna and a pair of monopole antennas. The
wave phenomena such as electrostatic solitary waves (ESMY)Y/A consists of three VLF receivers, the electric field detector
have been discovered from the WFC data of the GEOTAKEFD), and the high-frequency (HF) receiver. The three VLF re-
spacecraft [4]. In the SS-520-2 rocket experiment, it was egeivers are VLF-Direct E, VLF-Memory E, and VLF-Direct B.
pected that the waveform data to elucidate the ion acceleratibime VLF-Direct E observes thecomponent of the electric field
and heating mechanism would be obtained. E,. with the dipole antenna. The VLF-Memory E observes the

This rocket experiment also has the engineering objegeomponent of the electric fields,, andE,, with the pair of
tives besides the above-mentioned scientific objectives. Thmnopole antennas. The VLF-Direct B observes the magnetic
engineering objectives are to develop and examine the néeld with the loop antenna. The EFD observes the DC electric
plasma wave receivers for the future planet explorers and spéietd, and the HF observes the broadband spectrum of the elec-
observation missions. The plasma wave analyzer (PWA) tit field. All of these receivers, except the HF, are the waveform
this rocket includes the waveform receiver using real-timeceivers. The frequency range, sampling frequency, resolution,
data compression and the spectral receiver using PDC besided bit rate of each receiver are shown in Table I.
the conventional receivers. These sophisticated receivers willSince the amounts of waveform data from VLF-Direct E,
provide us with important plasma wave data for identifying théLF-Memory E, and VLF-Direct B are very large, these data

ion acceleration and heating mechanism. are compressed. In the observation of VLF-Direct E and VLF-
Memory E, the lossy data compression by subband coding de-
B. PWA Onboard the SS-520-2 Rocket scribed in Section Ill-A is used. The volume of these data is

By using the results of some spacecraft and rockets that hagnpressed at least by a factor of three by this algorithm. In
made observations in or near the polar cusp region, we can @ observations of VLF-Direct B, the-CODEC algorithm is
sume that the maximum electron densityis= 5 x 10*/cm?®  used. The 14-bit data are compressed into eight-bit data by this
in the polar cusp region. From this assumption, the electrarigorithm. The bit rate allocated to the PWA was 300 kb/s. Even
proton, and oxygen plasma frequencies are as follgiys:=  with the data being compressed, it was impossible to make the
2.0 MHz, f, . = 47 kHz, andf, . = 11.7 kHz. The elec- observations and transmit all of the data in real time. In order
tron, proton, and oxygen cyclotron frequencies are as followts; overcome this problem, we decided on the observation plan
fe. =11MHz,f. = =600Hz, andf. . =37Hz.The PWA of the PWA as shown in Fig. 2. The sizes of the EFD, HF, and
consists of waveform receivers and a spectral receiver that matd=-Direct B datasets were relatively small. Therefore, obser-
observations in the plasma and cyclotron frequency rangesvefions from these receivers were made in real time from launch
the ions and electrons, respectively. until the end of the flight. The VLF-Direct E starts the observa-

A block diagram of the PWA instrumentation is shown iriions at launch and transmits the data to the ground in real time,
Fig. 1. The PWA has four wire antennas (WANT), each 5 mntil 180 s after the apex when it stops. The VLF-Memory E
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Scale factors
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Fig. 4. Structure of the encoded bitstream.

only makes observations and stores the waveform data into thg. 3. BM,,(m = 0,...,7) is defined as the number of bits
onboard memory for 180 s before and after the apex, the mustrepresent a maximum sample in a block for each subband,
important period of the observation time in this rocket expeand BM is the maximum ofBM,,,. P(= 6) is defined as the
iment. Beginning 180 s after the apex, the data stored in thember of maximum allocable bits. A scale factor Scf is given
memory are reproduced and compressed. The compressed bpthe following equation:

are transmitted to the ground until the end of the flight. The stag-

. - . : 0 BM <P
gering of the transmission periods for the data from VLF-Direct Scf= { “p- (1)
. BM —-P BM >P
E and VLF-Memory E made possible to overcome the problem ) ) ) )
caused by the restriction of the telemetry. The number of bits required to represent Scf is four bits per
block, since the resolution of the A/D converter is 16 bits. The
IIl. SOFTWARE WAVE RECEIVER IN THE SS-520-2 allocated bits of each subband are given by
ROCKET EXPERIMENT By = BMy, — Scf (0< By, < 7). @)

In the waveform observations of VLF-Direct E and VLF- ] _ ) )
Memory E, the lossy data compression by subband coding wdi number of bits required to represesy;, is three bits per
used. The HF is the digital sweep frequency receiver using PD#/Pband in a block. Each subband sanmfplg; (m = 0,...,7,
The digital signal processing was done on the DSP. Since it was ;- - - » 19) is normalized with Scf to
necessary to perform high-level digital signal processing, we Sn. . — 9Sctg 3)
used the high-performance devices shown in Table II. i e

) Equations (1)—(3) are calculated for each of eight blocks. Each

A. VLF-Direct E and VLF Memory E subband sample in each block is quantized by a scalar quantizer

In order to maximize the scientific return of the waveform obaccording to the allocated bit,,, and then an encoded bitstream
servations, efficient onboard data compression was necessarig produced. The structure of the encoded bitstream is shown in
lossy data compression technique by subband coding [13], [F§. 4.
was proposed. This technique was adopted for the experimenVLF-Direct E: The VLF-Direct E observes the waveform in
since real-time data compression was required. This methodesl time over the frequency range from 10 Hz to 15 kHz of
based on the techniques based on the MASCAM system [1B¢ electric field from thec component of the WANT dipole an-
and MPEG Audio [16]. However, psychoacoustics was not usadnna. In order to guarantee the frequency range, the sampling
since characteristics of human ears could not be applied. rate of the A/D converter is 45 kHz, and its resolution is 16

Fig. 3 shows a block diagram of the lossy data compressibits. In order to keep a continuous waveform, a first-in/first-out
algorithm by the subband coding. Since the processing tirffelFO), whose size is 4 k 18 bits, is used between the A/D
for data compression was restricted on the SS-520-2 rockenverter and the DSP. The reset of the FIFO, which deter-
experiment, the number of subband was eight, and the tapsrohes the start of the observation of VLF-Direct E, is done by
QMF was 16. First, the quadrature mirror filter (QMF)-treghe DSP, after the DSP gets the “FIFO RESET” status from the
filter bank divides the input samples into eight equal-ban@PU through the DPRAM. The DSP watches the half-full flag
width subbands. For every 1024 input samples, the filter bankthe FIFO in order not to overflow the FIFO. When the Flag
produces 128 output samples per subband. A block is defineetomes active, 2048 samples on the FIFO are transferred to
by grouping 16 samples from each of the eight subbands. Thdre external SRAM through the direct memory access (DMA)
are eight blocks in each of the eight subbands, as shownciontroller. The DMA controller can read from or write to any



2642 IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 41, NO. 11, NOVEMBER 2003

Rec =15 Ryp=2
GN =9MHz fCICIN =9MHz %Bm =600kHZ %IRIN =300kHz %UT =300kHz
14bits 5 § = o 8 .16b1ts
= = - sg : I = I In-phase
=3) €= R S Component
g y a2 3 & afl o
5.9 n O e} A Output
—s| 28 s .
a8 o =] . ! Signal
Input | 2 E- 3 g2
npu N = B &= - uadrature
Signal 4 S S ] g g E ol 8omponent
g il v E “‘
I Carrier 0O | = N b .
NCO e’
foLk=9MHz -
=0MHz e -
;ROCCLK R . (a) K Passband N
A » 75kHz <
0 0 0 am
-20 20 -20
~ .40 —~ .40 o -40
3 3 3
o -60 o -60 o -60
- < <
‘a -80 g -80 % -80
S-100 S-100 $100
-120 -120 -120
140000 200 306 209 500 600 ‘%0 100 200 300 ‘4 s00 600 *%0 100 _200 300 400 500 6
Freque(xg:)y (kgfz) Freque(nc)y (kgfz) Fteque(:::)y (kﬂ)z) 00
. c

Fig. 5. (a) Block diagram of PDC and frequency response of PDC. (b) CIC filter response. (c) CIC filter and Halfband filter response. (d) Coneposite filt
response.

locations in the memory map without interfering with the op- TABLE I
eration of the DSP [17]. Due to the DMA controller, the data FIR FLTER CONFIGURATION
compression and the 2048 samples transfer can be performed in Decimation 1
parallel. The compressed data are delivered to the CPU through Passband 75kHz
the DPRAM. Transition Band 22.5kHz
. Passband Attenuation | 0.1dB
VLF-Memory E: The VLF-Memory E observes the wave- Stopband Attenuation | 90dB
form over the frequency range from 10 Hz to 15 kHz of the FIR Order 49
electric field with they components of the WANT monopole FIR Symmetry Odd

antennas. The same types of A/D converter and FIFO as the

VLF-Direct E are used. The reset and control of the FIFO are

done by the CPU. Because the amount of data of VLF-MemoryRcic, the decimation factor of the cascaded integrator-comb
E is two times as large as that of VLF-Direct E, the waveford€IC) filter, was set to 15 andf;, the decimation factor of
data are stored into the SDRAM for 180 s before and after tHee Half Band filter, was set to 2. In order to decrease the power
apex by the CPU. After the observation of VLF-Direct E stopgonsumption of PDC, the processing clofgfoccrx has been
data from the two components of the monopole anterffjas decreased to 9 MHz to be the same as the input cfeglkin.

and E,, are delivered from the CPU to the DSP through thEor the generic finite-impulse response (FIR) filter configura-
DPRAM. After the data are compressed by the DSP, the co#i®n, we used (4) to calculate the number of taps available at the
pressed data are returned to the CPU through the DPRAM. FIR input sample rat¢rrin and fproccrk [18], [20].

B. HF
Taps= (floor | -/PROCCLE_| ) 4 syMm) — (SYM - ODD)
The HF observes the spectrum in real time over the frequency (f—Fﬁﬂ) -R

range from 10 kHz to 3 MHz of the electric field with the

component of the WANT dipole antenna. The broadband signehhere floof] is defined as the integer portion of a number;
sampled with a frequency of 9 MHz are down-converted into thie = decimation rate; SYM= 1 for symmetrical filter, O for
narrow band signal whose sampling rate is 300 kHz by the PD&ymmetrical filter; ODD = 1 for an odd number of filter
The block diagram of the PDC [18] is shown in Fig. 5(a). Thisaps,0 = an even number of taps. In the rocket experiment,
system design was inspired by the introduction of a digital dowfproccLx = 9 MHz, fririn = 300 kHz, R= 1, SYM =1,
converter, such as HSP50016 [19]. The PDC was designed fr@BD = 1, and Taps= 57. We designed a linear-phase FIR
this capability. filter using the Parks—McClellan algorithm [21, Alg. 5.1], which
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TABLE IV Half Flag active Half Flag active
DATA POINTS AND FREQUENCY RESOLUTION AT EACH FREQUENCY BAND l (1)45.5ms l
FIFO >
Band Frequency Data Frequency ! ! : :
Number | range(kHz) | points | resolution(kHz) > ! > :
1 0- 150 256 0.59 DSP (3)13.10ms | y o (3)13.10ms | (——p
2 150 - 300 128 1.17 : ; L | (6)8.9ms
h— —>
3,4 300 - 600 64(x2) 2.34 > . &) ! (;)
56,7 | 600-1050 | 32(x3) 4.69 @ (4)5.25ms (4)5.25ms
8-20 1050 - 3000 | 16(x13) 9.38 .
total N 316 N (1) The 2048 samples are stored into the FIFO.
(2) The DMA transfer begins.
(3) The 1024 samples are compressed. -+ VLF-Direct E or VLF-Memory E
Power (4) The output of the PDC are converted into spectral data. -+ HF
[dB] (5) The data generated at (3) and (4) are delivered to the CPU through the DPRAM.
(6) The waiting time
1
stepl 1 ! N
: > Fig. 7. The processing time on the DSP.
75 !
]

The times for the processing are 13.10 ms and 5.25 ms, respec-
tively. Those times are estimated using the evaluation system.
The processing is performed in turn, and then the processing is

------------- m waiting until the half flag becomes active. The waiting time is
about 8.9 ms. The sweep time period of the HF is estimated to

N
N
W

a
5
[
+—>
1
i
1
§§ L

[y —

&
-
8

<

1

i

E 2925 be about 455 ms.
: 5 ; ; When the VLF-Memory E and HF require processing in par-
WK ------------ ] o -- - - allel, their processing on the DSP is performed in turn. In this
total ¥ 7 %\ > case, itis not necessary to consider the time when the 2048 sam-
0 150 300 e 2850 3000 Fr::;z‘]'cy ples are stored into the FIFO. The sweep time period of the HF
Band 12 e 20 is estimated to be less than 400 ms.
l‘;ﬁ;‘;l;‘;;’l‘lg ggg ﬁg e 51162 The time resolution of the GEOTAIL MCA is 0.25 or 0.5 s
[3]. On the other hand, the frequency resolutiontig.5% of

Fig. 6. Digital sweep frequency method. each center frequency at more than 10 kHz and very wide. The

frequency resolution of the SFA is 680 Hz and 5.4 kHz for
. . - . . . . 12.5-100 kHz and 100-800 kHz, respectively, and the time res-
is sometimes called equiripple filters. The FIR filter is config &Jtion is 8 5. Compared with those of GEOTAIL, the present

ured as shown in Table Ill. The frequency responses of the P . . : . .
are shown in Fig. 5(b)—(d). system obtains high frequency and time resolution as shown in

The 512 inphase and quadrature components of the outpuirgple IV within less than 0'5 s. The 12-bit digital data of the A/P
the PDC are fed to the DSP, and converted into the 256 Spgg_nver?ed Wave.forms obtained bytthFQ are.compresseq Into
tral samples by the DSP using the FFT. This processing is pgpht bits by a simple hardware quasilogarithmic compression.

formed for each frequency band shown in Table IV and the dig-
ital sweep frequency method is shown in Fig. 6. Sinceitisneces- V. EVALUATION OF SOFTWARE WAVE RECEIVER
sary to reduce the amount of data because of the restriction of the ON THE ROCKET EXPERIMENT

telemetry and the frequency resolution at higher frequency banr . pywa operated flawlessly and very good data of VLF-
may be coarse, the data points are changed band by bands. V\g\%lct E, VLF-Memory E, and HF were obtained.
the data points are 128, 64, 32, and 16, the 256 spectral samplgsy g shows the frequency-time spectrogram observed by the
are averaged with 2-, 4-, 8-, and 16-point samples, respectivgly: w1\ e and “ALT” in Fig. 8 are the time from the launch
The spectral data is an eight-bit integer format data, the resoliyiy e aititude, respectively. The time range from 200-1100 s
tion of the data is 0.5 dB, and the range of the data is from 0 qgfrom the completion of the WANT deployment to the splash-
to ~127.5 dB. The spectral data and the band number showryigl, ‘At the frequency around 10 kHz, we see auroral hiss that
Table IV are transferred to the CPU through the DPRAM. is a continuous wideband noise and is observed over the whole
) polar cap [22].
C. Data Processing As mentioned in the preceding section, when the VLF-Direct
When the VLF-Direct E and HF make observations in pak and HF make observation in parallel, the sweep time period
allel, their processing on the DSP is performed in turn as showhthe HF is estimated to be about 455 ms. On this observa-
in Fig. 7. When the half flag of the DPRAM becomes active, thigon the sweep time fluctuated and there were cases where the
DMA begins to transfer 2048 samples on the FIFO to the esweep time exceeded 455 ms. This “data jam” occurs when the
ternal SRAM. Then the samples on the SRAM that are the pigize of data on the DPRAM is larger than the size of transferable
viously transferred data by the DMA controller are compressethta allocated for the telemetry for a given time. Since a waiting
and the output of the PDC are converted into the spectral datme is necessary to write the next data to DPRAM, the sweep
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Fig. 8. Frequency-time spectrogram observed by the HF. Fig. 9. Frequency-time spectrogram observed by the VLF-Direct E.
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time exceeds 455 ms. When the VLF-Memory E and HF make
processing in parallel, the sweep time period of the HF is esti-
mated to be below 400 ms. During these observations the sweej
time also fluctuated and there were cases where the sweep tim«
exceeded 400 ms. In this case, this is also caused by the dati__
jam. The data jam occurs when data happen to be compresse =
less than expected. This, however, caused no loss of data in th¢ &
flight.

The waveform data of the VLF-Direct E and the
VLF-Memory E were reconstructed from the compressed
data on the ground. The amplitude of the waveform data was
calibrated. A frequency-time spectrogram shown in Fig. 9 was i
made from the waveform data observed by the VLF-Direct E 10,0 460 480 s00 520 540 560 580 [sec]
using the Fourier transform. The VLF-Direct E stopped at about (a)Ey,

770 s into the flight on schedule. Although there were a few
data losses caused by telemetry error, no data loss was cause
by the overflow of the FIFO. The processing of VLF-Direct
E and HF on the DSP, which is shown in Fig. 7, worked very
well. It was confirmed that the volume of the waveform data
was compressed by a factor of four by this algorithm

The frequency-time spectrograms shown in Fig. 10 are made
from the waveform data observed by the VLF-Memory E using
the Fourier transform. Fig. 10(a) and (b) areylt®mponents of
the electric fieldsf,, andE,, , respectively. The VLF-Memory
E started at about 410 s on schedule, and then made observatior
until about 770 s. The data observed from 410 s to about 600 s
were able to be transmitted to the ground by the end of flight. Tmﬁo:;:io 460 480 500 530 540 560 580[sec)
Since the amount of the data observed by VLF-Memory E for (b)Ey,

360 s is mostly equal to the amount of the data observed by

VLF-Direct E for 720 s, it should take about 720 s to transmitig. 10. Frequency-time Spectrogram observed by the VLF-Memory E;
the overall observed data. Because the time to transmit the d&t&.» (OF., -

was abouB330 (= 1100 — 770) s, slightly less than half the

amount of the observed data were transmitted. Fig. 12 shows the frequency-time spectrograms made from
In Figs. 9 and 10, hiss at a frequency around 10 kHz is ofhese waveform data. In Fig. 11(a), there are very strong bipolar
served similar to the HF results. There is also a very strong widsulse-like noises at about 460.15, 460.5, and 460.85 s. In
band noise band in the frequency range from 10-100 Hz.  Fig. 11(b) and (c), there are similar noises at about 460, 460.35,
Fig. 11 shows the waveforms of the VLF-Direct E and thand 460.7 s. The very strong wideband noises in the frequency
VLF-Memory E for a period of about 1 s beginning at 460 sange from 10-100 Hz in Fig. 12(a)—(c), are consistent with

-70
-80
-90
-100
-110

=
L
=]
o
2 120
=

-130

-140

-150

[dBV/mAHz]
-60

-70

-80

-90

-100

-110

-120

Frequency[Hz]

-130

-140

-150




HASHIMOTO et al. SOFTWARE WAVE RECEIVER FOR THE SS-520-2 ROCKET EXPERIMENT 2645
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(b)

Frequency [Hz]

460 460.1 460.2 460.3 460.4 460.5 460.6 460.7 460.8 460.9 461

Time from launch [sec]

04
T460 460.1 460.2 460.3 460.4 460.5 460.6 460.7 460.8 460.9 461

Time from launch [sec] Fig. 12. Frequency-time spectrograms of the VLF-Direct E and
© VLF-Memory E from 460 to 461 s; (a)VLF-Direct E, (b)VLF-Memory

EE,,, (c)VLF-Memory EE,,.
Fig. 11. Waveforms of the VLF-Direct E and VLF-Memory E for a
period of about 1 s after 460 s; (a)VLF-Direct E, (b)VLF-MemoryFE, ,
(c)VLF-Memory EE,, . spectral peaks are well below the lower cut off frequency of the
auroral hiss emission. Their polarizations are almost linear de-
the very strong bipolar pulse-like noises. This noise has tH¥mined by the two sets of orthogonal wire antennas lying on
following characteristics. the rocket spin plane that is almost perpendicular to the ambient
agnetic field. The local lower hybrid frequency is estimated to
Ee 3-6 kHz corresponding to the local proton population of 5%
to 10%. The most plausible wave mode is the quasi-electrostatic
nger hybrid wave. The PWA has the capability to identify the
wave propagation direction and to estimate corresponding phase
elocity by the onboard interferometry system using a pair of
the monopole antennds,, and £,,. From the cross correla-
n in the interferometry system, we can roughly estimate the
ase velocity of the wave to be almost 60 km/s. We have also
nducted the linear dispersion analyses using realistic parame-
that show that electron beam can destabilize the electrostatic
es around the lower hybrid frequency.

1) The difference of the phase between the noise
Fig. 11(a), and the noise in Fig. 11(b) and (c) is abo
9(° difference in the antenna directions.

2) In Fig. 11(b) and (c), the polarity of the noise is the sa
on each monopole antenna.

3) In Fig. 11(b), the period of the noise received by
monopole antenna is about 0.7 s. "

Since the rocket spin period is about 1.5 rotations per seco(glcg
which is about 0.7 s per rotation, it is consistent with the peri

of the noise received by a monopole antenna. The potential oftg
element of a dipole antenna or a monopole antenna is incre

by the photo-electron emissions due to solar irradiation. Shading
from the rocket body causes a change of the potential and creates
this spiky noise [3]. . V. SUMMARY AND DISCUSSION

The wave spectrum from 461-462 s and waveform in the fre-

guency range of 3—4 kHz are shown in Fig. 13 [23]. The emis- The software wave receiver was used on the SS-520-2 rocket
sions above 6 kHz are auroral hiss, and another peak ex&tperiment and has successfully provided high time and fre-
around 3-4 kHz in the spectrum. The observed waveformsdnency resolution data. The ion acceleration and heating mecha-
the latter frequency range show the impulsive waveforms. Th&sm in the polar cusp region will be studied through the analysis
waveforms appear in a short duration of time and their frequenafithose data. Furthermore, the success of the rocket experiment
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Fig. 13. Frequency spectrum and waveform of the VLF-Direct E from 461-462 s. (Top) Spectrum. (Bottom) Waveform.
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