Background

* High frequency band (3MHz-30MHz)
- Low power

— No relay points

— On a global scale

* lonosphere... A layer of ionized
atmosphere located above the Earth

— Spherical layer
— Not uniform

— Changes with time, seasons etc. . 0
ionosphere




lonospheric Electron Density
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Effects of electron density

The electron density is high The electron density is low
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lonospheric Absorption with k—hop propagation (14MHz)
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Propagation Delay with k—hop propagation (14MHz)
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O Isotropic Antenna
—= Line of Electric Force

Power Flux Density

L2277 Closed Domain

(a) Closed domain that the line
of electric force is constant

Effective antenna

aperture: A,

(¢c) PFD with non-uniform
refractive index

(b) PFD with uniform
refractive index
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Ray—tracing method (JtHR1BENE)
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Directional pattern analysis

LogPeriodic Antenna

 Wideband and directional antenna

Antenna patterns

with momentum method
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lTl XTI,
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Received power result by simulation
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Current our prediction problem: evaluation of propagation & hop distance
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THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
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Real-time Global Ionospheric Activity Detection Using FT8
Hayate OUCHI  Kazutoshi YOSHII ~ Zhenni PAN  Shigeru SHIMAMOTO
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Altitude [km]

The Department of Computer Science and Communication Engineering, Waseda University
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Abstract  The high frequency band, which is a type of electromagnetic wave, has the advantage of being able to transmit
radio waves to the far side of the Earth without the need for relays. This is because high frequency waves propagate through the
ionosphere. a layer that covers the Earth in a spherical shape and reflects off the Earth's surface. However, predicting the current 5 0
state of the ionosphere accurately is difficult because it changes over time and due to sudden phenomena that occur unexpectedly.
Currently, the International Reference lonosphere (IRI) is known as a empirical standard model of the ionesphere. However,
actual ionospheric conditions change when solar activity becomes more active. For this reason, this paper uses FTS, a wireless
communication method, to study the i from a new perspective of actual data worldwide. 0

Furthermore, the measured data is compared with the thearetical model to verify the requirements for ionospheric propagation
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Categorized propagation mode by reflection layers
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Propagation mode on another situation (simulation) . Propagate distance with Hop num
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Purpose

Create a comprehensive map of

ionospheric conditions
+

shortwave communication conditions

Approach

 Develop a system to observe FT8 and to collect data from all
over the world
 Create heatmaps to visualize the real-time propagation status.



2. FT8 Communications

Real-time lonospheric Propagation Estimation with FT8 data communication

28



FT& Communications overview

FT8: A type of wireless communication mode that uses the HF band




Format of FT8 communications

Time

063900
063900
0E3900
063900
0E3900
063900
063900

SNR At Afreq

11

1.

e e e e e

= O = =] s Ll

Td6
937
375
1070
1214
1041
T8l

S S A S S

message

CQ YOoeOGW ENZe
PDSDLEB UA3UBV RRT3
ROQBEB RE3BM E-11
CQ SV1EAG EM18
R4FET EVeF LHN14
F1FJE EE1EE -1&
CQ RA3AVE EOBS5

time
callsign
grid locator

SNR (Signal-to-Noise Ratio)

Able to estimate locations of TX/RX stations and its SNR
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Interpretation of the collected data

No.

396
400
408
§14
§20

Comms from BOTH stations

time

221005_083045
221005_083100
221005_083115
221005_083130
221005_083145

freq

21.074
21074
21074
21074
21074

message

CQ JQIFBT PMI5
JQTFBT BH3EHP -19
BH3EHP JQIFBT R-07
JOQ1FBT BH3EHP RR73
BH3EHP JQIFBT 73

, OSta.B
[

A

Sta. A
=i

Observation

Sta.

|

Comms from ONE station

200
235
252

No.

Sta. A
=

time
221005_082430

221005_082530
221005_082600

freq

21.074
21.074
21.074

message

CQ BD3RK OM77
JF2RYX BD3RK R-16
JF2RYX BD3RK 73

, Sta.B
[_]

A

Sta

Observation
: [ ]

X Not suitable
for propagation
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Proposed System

ionospheric -
propagation

r— =

'

B i
I \
Transmit \ Receive

Every 15 sec

. L
Every 15 min ==

Database Create a map
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Proposed System

1) Observation

o

Transmit Receive

2) Collection @ 3) Analysis

Database Create a map




1) Observation

kiwiSDR: A website that allows remote control of radio stations

KiwiSDR: Software-defined receiver 11:30 uTC
Paris, France | Grid JN18ct, ASL 71m, [map], SNR 12/12 dB 13:30 Local
@ Antenna: Komunica HF-EXPLORER-1 Europe/Paris (CEST)
- L [2072.008 ®

=00 OCO0®®D® spectrum
® AM SAM DRM LSB USE CW NBFM 1IQ
 frequency - DIP1A |7 =1010

. )Y | RF | WF12 Audio AGC Off
¢ f||ter gl 1 !
J “

WF ceil o +5dB Auto
Scale

WF floor o 0dB
Slow

WF rate . fast Dev

* packets of audio data i —r
. S il v P2
* signal strength LS s e i

Referred to 1.
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1) Observation
kiwiSDR: A website that allow remote control of radio stations

e 800 stations online
e Real-time data
e Available 24 hours

In my experiment:

Selected 41 stations

35



2) Collection

timestamp

Same timestamp and message
—> Same comm

Several station No.

—> Observed in several locations

e.g.) Korea — China
4 stations observed

N\

2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45
2024/6/10 10:10:45

station No. message

R

1 BHAHFU HL2IDT PM37

2 BH4AHFU HLZ2IDT PM37
19 BHAHFU HLZIDT PM37
30 BHAHFU HL2IDT PM37

2 CO6XDX WENGA EMES
10 COG6XDX WENGA EMES
27 CO6XDX WBNGA EMES
28 CO6XDX WBMNGA EMES
31 CO6XDX WENGA EMSS
32 CO6XDX WENGA EMSS
38 CO6XDX WBNGA EMES

36



3) Analysis

1. Divide the world map into 5° X5° blocks
2. Increase the rating value where comms have passed
% L [ 1) union set approach
R ] P-4 /-"qsr-. ..;",Q B ;
p < ’% N 3
\ A C T )
NS \ND:
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PIEER I !
rj \ j N
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3) Analysis

Configured heatmaps from the collected data

10:16 — 10:29 UTC 22:16 —22:29 UTC
o i Mi _____ é‘imn
High evaluation value High evaluation value

near the Pacific Ocean near the Atlantic Ocean



3) Analysis

Problem:

The uncolored area: SR 5

e Commdid not pass?
* Theionosphere was not
suitable for propagation?

s

Need to estimate dead zone (areas with poor signal sensitivity)
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3) Analysis

. « Tallin
Stockholm TONIA

Estimation of dead zone oif

(:\ North Sea
DENMARK

Blue pin: transmission sta. e e o “‘“
. . IRELAND @ Be(ll
Red pins: observation sta. o~

London GERMANY
SRELBBLUg
oy

LATVIA

POLAND

o
Saint Helier _°-

HHHHHH

Failed to catch the comm in
stations to the southwest E TN et
Assume the southwest direction = by
is not suitable for propagation

s
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3) Analysis

e Estimation of dead zone

22:16 —22:29 UTC

10:16 —10:29 UTC

- } - .
=i :&i
\ | 2 | 1‘
= | o 1
P I |

Inactive around Russia, Japan

Inactive around U.S.




Other approaches

Trying to implement other approaches

1. union set approach 2. intersection set approach

S
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Other approaches

HF are reflected between the
ionosphere and the earth's surface

U

Only the electron densities at high
altitudes matter

U

Previous approaches do not take
altitude information into account

Altitude [km]

400

350

300

250
200
150

100

i Y ¥
0 2000 4000 6000 8000
Ground Distance [km]
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Electron Density [m'3]



