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/zZ=" New opportunities provided by DPS-4D system
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More flexible control over the DPS operational mode settings and
availability of the raw data make possible the following :

* I[mplementing advanced signal processing algorithm aimed at

Improving system performance. One such technigue RFIM
(Radio Frequency Interference Mitigation) has been successfully
implemented.

* Introducing new types of operational modes. Very short (<1min)
as well as very long ionograms (providing sufficient Doppler resolution for
velocity calculation) are now available. Precision group height

measurements are now implemented into routine ionospheric sounding.

* Designing signal-specific frequency characteristics of the system,
crucial for reception of “external’ signals:
transmitters of opportunity, HAARP transmission, etc.,
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~ o |dea by Dr. Klaus Bibl (patented)
* RFIM is removing interferer signals from the received signal
o Interferers are associated with broadcast station signals
e Removal is performed in time domain
» Complex spectral analysis is essential

* RFIM provides up to 30dB signal-to-noise ratio improvement

[/ RFI Mitigation basics

Interferers

/ \\$ Before RFIM
A

After RFIM
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DPS-4D data processing

c
o
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e = Pulse Doppler
LL] S compression [JJi{ Processing
o) = P (FFT)
0..30 MHz LL
o
61.44 MHz Eurther

File formatting

processing (ionogram, drift)
(ARTIST)

Visualization
(ionograms, RTD,
etc.)
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DPS waveforms in time and spectral domains
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sample #

“Imag” samples

Digitized DPS-4D signal
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Ve Pulse compression
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. 0, .- . ; .
Compressing the pulse means calculating the convolution between received signal and

the original waveform (“code”)
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Interferer effect
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(7 Modeled interferer spectrum
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[ RFIM algorithm
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1. Take DFT of the signal. Find “peak” in the spectrum o time
- 90—
2. Determine exact frequency ;- N . |
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3. Do “single line spectral analysis” to determine exact interferer amplitude

and phase.

4. Subtract interferer in time domain. Jl‘lﬁl!

—————————

5. Repeat steps 1-4 until happy or bored.

000 =10 More peaks can be found)
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Pre-cleaning algorithm lab test
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Amplitude, dB

IDF

STATIOH HAME YYYY DATE DDD
Mill=stone Hill 2006 DecO7 341

30858, Freq 1600 [EH=z], Code 1,
dE scale, max amp 33, phase

Look#

RFIM application example

Frequency domain

HHMMSS . 555 AXH PPS IG PRH
222430.4850 714 100 -3 003

Polarization 0, Att 30d4dE, Zat leld
=112, ant 2, range# 314

No RFIM

RFIM applied

XI INTERNATIONAL DIGISONDE FORUM
30 APRIL TO 3 MAY 2007

Frequency, kHz

20

25

29.58



LOWELL

UMLCAR

e Time domain (before FFT)

RESEARCH

[ RFIM application example, cont.

STATIOH HAME YY¥YY DATE DDD HHMMSS.S555 AYH PPS IG PRH
Mill=stone Hill 2006 DecO7 341 222430.850 714 100 -3 003
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=/ Millstone Hill ionogram

Millstone Hill, MHJ45 2006.12.07 {341) 22:23:89 _|_

Y e RFIM application example, cont.
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DPS-4D provides an opportunity of implementing sophisticated signal
processing algorithms

Application of RFIM technique dramatically improves the ionogram quality
In the lower frequency range.

Field-test results are following!

2007 XI INTERNATIONAL DIGISONDE FORUM
IDF _ — 30 APRIL TO 3 MAY 2007



A

DPS data structure

Sample #1

Sample #2

CIT

\4

Sample #128

PRF =50, 100, 200 Hz

Height resolution = 2.5 km

Time

1234

Height #

256

1234

Height #

256

1234 256
Height #

2007

IDFE

XI INTERNATIONAL DIGISONDE FORUM
30 APRIL TO 3 MAY 2007

»
»

Time



One Interferer vs. two close interferers
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DPS waveforms in time domain
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