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JORN = Jindalee Over-the-horizon Radar Network it

e 3 Radars

e The Northern
approaches to
Australia

« High-Frequency Rk 2
(HF) band, 3- ' :
30MHz

e A national
defence
capabllity for
Australia.




The Requirement

® JORN requires a real-time model
of the ionosphere.

® Primary source of data is
e 2x DPS-4 and 11x DPS-1.

® JORN ongoing sustainment
program
* Upgrade of VIS network

e form/fit/function VIS replacement. . ;ﬁ W;w,}%‘ ,
®* HFRB of DSTO developed VI — A{y\g‘ "T‘.?-"‘*{;;f} }] '
solution ’ | / e ‘f.f....- é.-f‘{‘f;:
* based onits radar hardware =~~~ ATTEET T LT % e o e R
technology Sommile &% R ‘ _r'I;“'ﬁ*
* HFRB solution is the 5“"“ R '
Portable Remote lonospheric = gse gl N

Monitoring Equipment (PRIME) " %20 STD



Criteria for the PRIME development

® form/fit/function replacement of old Lowell DPS-1
® NOT trying to compete or reproduce latest Lowell or other VIS

® accurate + resilient TRACE output over wide variety of
lonospheres

® Robust hardware/software to handle varied local conditions

® easy and convenient advancement path for future
development

® Flexibility in design
e allow for scientific R&D
* JORN operational usage

® commonality with other JORN products to ease through-life
maintenance (eg. Common hardware with OIS)

DSTO



Timeline of PRIME development

® Evaluated DORS as a QVIS (NVIS), then as a VIS.
® Demonstrated a DSTO VIS capability

2x digital Rx -
2x digital wfg -

2010-2015 — VISRep — The JORN VIS Replacement Project
® Aug 2010 — PRIME concept demo
® Dec 2014 - PRIME validation

¢ 2015 — JORN integrations DSTO



50W HF POWER AMPLIFIER
PRIME [25\/\/ fwd :

<1W rev

All DSTO created and developed
~20W CW system; 100% duty cycle;
Operates with close but separate Tx & Rx antenna,

Has overcome issues with Rx in the near-field of CW Tx;
The Tx direct-wave is the largest signal at the RX;

Uses 2x orthogonal Rx antenna
* to obtain 2x analogue signal channels
* which are digitised at RF to give 2x complex timeseries
* which then give 2x complex ionograms

O/X discrimination based on phases of 2x complex
lonograms

Realtime Trace extraction of both O and X mode signals
Realtime lonospheric parameters

DSTO
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HFRB OIS
Tx: DORS

The Replacément

Extant JORN VIS:
Lowell DPS-1




HFRB VIS - Lowell DPS-1

PRIME

CURCUR MKID Cleand Data 0158k_enli 5
MaxMedian SNR
=i

SNR Comparison
ﬁ_JORN LoweII

718718 DPS O Data SBF
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0156k _enif 5 HFRB - LowellDPS1 diff
DIff In MaxMedian SNR
2 — 15

12:00
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Thu 04-Dec-2014 Thu 04-Dec-2014

-15

~ Where there is signal
 On average, Max SNR
®* PRIME ~10dB > DPS1 (F-region)

PRIME ~5dB > DPS1 (E-region)

"« On average, Median SNR
®* PRIME ~10-15dB > DPS1

DSTO

SNR diff (dB]



UNCLASSIFIED

lonogram / Trace comparison

PRIME HRI

DDORS lonogram: O-mode

2014/12/04 01:42:58, Rx: cur, Tx: cur (0000_0100) (Proc: 0156k _ enlf 5)
T

1000

DPS1 SBT

Lowell SBF lonogram: O-mode
2014/12/04 at 01:46:05, Rx: 718, Tx: 718

T T T T T T T = T = T - 4 T -
—— (1) E-trace . @) (1) o {1}E-tra&§_. TR T : @ . - - '~
(1) Fi-trace . DPS-1 718/, DORS_ddrx_MKIID 718/, == (1)Fi-trace. -~ -- DPs-1718, . - - - DORS_ddrx_MKID 718/, .
— (1) F2-trace . ARTIST v05.99 CURCUR e {1} F2-tra_c‘e .- - : - - AF!TIST v0599 - - - o [ CURCUR -
900 - —— (1) TrueHeight . NH w421 PR Vi0e 1| 9007 42— (1) TrueReight . -oEmiHy o - i N
(1) Reinverted . DIRWV v1.20 -0 ;{1} foE 3.8MHz .- - - f - - DIRWV vi20 -
S ) foks st | KON 1200 10Ty R SaMb ST L dien
800 © (1) foF1 5.2MHz. X vego - 800F _@ (1) foF2 9.7MHz. _ - v o va00
® (1) foF2 9.7MHz . CALC v1.14 ~—(2) E-trace~. ©  --* z CALC v1.14
. XTR v1.35 —_— - . N XTR v1.35
(:} E:_:ace ' LAY v179 'g; :;:::2-: - - AT - LAY v1.79
(2) F1-trace . SM v1.18 - © L aT - . LA - SM v1.18
700 — (2) F2-trace . PRM v.16 700 —(2) CC-TrueHeight. .F - - =~ - _ .° o PRM v.16
——(2) CC-TrueHeight . - (2)Reinverted. =" 3. - -7 - & 7 oL - . - - -
(2) foE 3.9MHz . : (2) foE 3.9MHz.. - R - -7
@ (2) foEs 4.7MHz. / ®- (2) foEs 4.7MHz. ! TLor i - -
600 ® (2) foF1 5.7MHz . | 600" @: (2) foF1_57MHz. *. ) - L. ) -
E ® (2) foF2 9.7MHz'. E " @' (2) foF2 97MHz. =: _ o= o=zT L - I . -
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= - - B - . = ] = . -
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UNCLASSIFIED
Comparison of Traces and Parameters

En56k_ eni § HFRE - LowellDPS1 Irace-diff
1T ir Wirteal Height af Mas Posr

| AVHt PRIME - DPS1 |
600 X0 17';;":]“159) DiPS f°F2 "l Nb: the DPS-1 trace has been corrected | @&*
IxI( 0.18),rms( 0.26 . for known ARTIST median virtual-height
500 1 +—p.94, n=1561 ' bias of 5km (bottom of ionogram layer M.,
« 400 : g"‘ rather than vht of maximum power) g
S 300 e Nb: the PRIME trace only starts at 2MHz | = » %
S 200 E "l :
100
0 . _ 2
-1 -0.5 0 0.5 1
Frequency (MHz) _
PRIME, DPS, foF2 :
TO0X+017— PRIME v DPS comparison
12} rms(0.17)

r=0.94, n=1561

® Jonograms — PRIME cleaner

® Trace accuracy— much the same

® Trace robustness — PRIME superior

® Parameter accuracy — much the same

“eRMEfoF2 iz - ® Parameter robustness — PRIME superior

UNCLASSIFIED D STO

DPS foF2 (MHz)
oo
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lonograms: the Good, Bad & Ugly

DDORS lonogram: Raw cleaned ¢in10 _0000
2013/12/10 09:54:28, Rx: wov, Tx: wov (_0000) (Proc: 0156k_)

DDORS lonogram: Raw cleaned cin10 0000 <in plot ddors ox process include=

DDORS lonogram: Raw cleaned cln10 0000 <in plot ddors ox process include=
20131210 04:07:14, Rx: wov, Tx: wov { 0000} (Proc: 0312k )

2013A12/21 14:23:40, Rx: wov, Tx: wov ( 0000) (Proc: 0156k )
; 7 T

0 : e
SVN Rev 409 20150212 :
Matlab v8.1.0.604 (R2013) :
OX_PROCESS R408 20150212 V5.10 :
D DECIMATION V1.08 w25.0ms 40.000ms
'MDET DIRECTWAVE V1.20 180dB -0.2Hz
RFI_REJECTION_MEX V1.1003 L
\_MDET HUM ZAPPER V2.00 F=50.0Hz 4
['CALC_IONGM V1.14 24248 120kHz 10kHz 3

8
Frequency (MHz
2.00-20.00 MHz @ 156.25 kHz/s, ATTEN: 0 dB, OFFSET: 0.00 ms

DDORS lonogram: Raw cleaned cIni10 0000 <in plot ddors ox process include=
20131210 00:12:22, Rx: wov, T wov { 0000} (Proc: 0312k )
[ ¢ T

Matiab v8.1

OX_PROG
DECIMATION V1,08 w2s, Ome d0.000ms
MDET DIRECTWAVE V1.20 180d8 Fa-0 2HE
RFI_REJECTION_MEX V1.1003

| MDET HUM ZAPFER V2 00 Fu50 0Hz
CREATE_CX R408 V4 2071 20) 2 8km 1 20kHz |
OX_METHOD v5.30

CALS IONGM V114 242d8 120kHz 10kHz

o | EXTRACT_TRAGE R4C8 20150211 W1.27

TRACE LAYER v 78
TRACE_SMOOTH v1 18
TRACE PARAM vI 66

Frequency (MHz
2.00-20.00 MHz @ 156.25 kHz/s, ATTEN: 0 dB, OFFSET: 0.00 ms

DDORS lonogram: Raw cleaned cln10 0000 <in plot ddors ox process include=
2014/12/04 00:05:28, Rx: cur, Tx: cur { 0000) (Proc: 0156k )
F

SV Aav 400 20150212 1 —— (1) E-trace . foF1+
Matlab vE.1.0.604 [R20134) :
©OX_PROCESS R40H 20150212 V5.10 - (1) Fitrace . hoF1

MOET DIRECTWAVE V1.20 18008 Fa-0.4Hz

AFI_REJECTION_MEX 1,103 fice - 1bF1
MDET HUM ZAPPER V200 F=50 0Hz & Eatypon
| CREATE O RAGE V4 20(1.20) 2 5km 120kHz einverted . - Etrace
OX_METHOD v5.30 a :
CALC_IONGM V1,14 24268 120kHz 10kHz 40MHz. ' Fttrace
EXTRACT TRACE R40& 20150211 V1.37 He 11.2MHz. - - F2trace
TRAGE_LAYER v1.78 - : !
TRACE_SMOCTH v1.18 S.TMHz .. °5, “Elaysr-Of;
TRACE_PARAM v1 65 2 BOMHz. +~ ElayerCC
- Filayer-QP
i Filayer-CC
F2layer-QP

F2layer-CC

8
Frequency (MHz
2.00-20.00 MHz @ 312.50 kHz/s, ATTEN: 0 dB, OFFSET: 0.00 ms

DDORS lonogram: Raw cleaned cln10 0000 <in plot ddors ox process include=
2014/12/02 05:42:58, Rx: cur, Tx: cur { 0000) (Proc: 0156k )

m:';?gg:s[g%ﬂn — (1) E-trace . foF1+
vB.1. :
| C¥_PROCESS R408 20150212 V.10 - (1) Fi-trace . hoF1
ﬁe;gnecmwéxm m;goem Fal4Hz . fbF1
|_REJECTION_MEX V1.1 "
MDET HUM ZAPPER V2,00 F=50 0Hz tHeight . Estrace
p | CREATE_OX R408 V4 20(1.20) 2 Skm 120kHz : erte - Efrace
OX_METHOD v5.30 Fiiface &
CALC FONGM V1.14 24208 120kHz 10kHz
EXTRACT TRACE R408 20150211 V1,37 4.9MHz F2 trace
TRAGE_LAYER v1.78
0| TRacE smooTH 1 18 1:6.5MHz Elayer-QP
TRACE_PARAM v1 .85 F2 8.5MHz Elayer-CC
i Filayer-QP
or Fllayer-CC
F2layer-QP
o F2layer-CC

Frequency (MHz
2.00-20.00 MHz @ 312.50 kHzfs, ATTEN: 0 dB, OFFSET: 0.00 ms

SV Rev 400 20150212 : {1 E-race . " foF1+
Matiab vB.1.0.604 (R2013a) : 3 :
OCESS R40H 20150212 V5,10 © {1) Fitrace . -~ hoF1

DK
'DECIMATION V1,08 w28 0ms d0.000ms

MOET DIRECTWAVE V/1.20 18008 Far 3H 3 F) L e L
, fiac ; :
RFI_REJECTION_MEX V1.1003 : = 1) TrueHeight Estrace
| MDET HUM ZAPPER Y2 00 Fub0 0Hz 3 1) Reinverted . E trace
CREATE_OX R40B V4.20(1.20) 2 5km 120kHz :
b "ﬁ;‘w %0 ¢ 1) foE _S.SH_HZ F1 trace
CALC IONGM V1.14 24208 120kHz 10kHz 1) foEs 4.9MHz F2 trace
EXTRACT_TRACE R408 20150211 V1.37 ;
TRACE LAYER v1.78 1) f0F1. 5.3MHz Elayer-QP.
TRACE_SMOGTH v1.18 1) foF2 8.2MHz Elayer-CC
TRACE PARAM v1.56 N1oEms Filayer-QP
B hmE: - ; FilayerCC
toPim  F2layerQP
[ foF1- | ' F2layerCC
T

Frequency (MHz
2.00-22.00 MHz @ 156.25 kHz/s, ATTEN: 3 dB, OFFSET: 0.00 ms

T T
SVN Rev 403 20150212 :

lackol v8.1.0.604 (201 3a) - (1) E-rg b e foF e
55 R403 20150212 VS 10+ — (1) F24fa hOF1

O
"DECIMATION V1,08 w25, 0ms o0,

MOET DIRECTWAVE V1 20 18008 Fard 3z 1) Tryeiigiont | fbFs
RFI_REJECTION_MEX V1.1003 i : 1 Es trace -
| MDET HLIM ZAPPER V2.00 Fe50.0Hz [ o E frace
CREATE_CX R408 V4.20(1 20) 2.5Am 1208Hz
OX_METHOD V& 30 F2trece 4
CALC IONGM V1,14 24248 120kHz 10kHZ  Son Elay_!r-OP
EXTRACT_TRACE R40B 20150211 \11.37 3
TRACE LAYER v1.78 ¢ ElayerCC
TRACE_SMOOTH v1.18 Fllayer-QP
TRACE PARAM v1.65 \ Fllayercc
i © F2layer-QP
Falayer-CC

2 4 6 8 10 12 14
Frequency (MHz

2.00-22.00 MHz @ 156.25 kHz/s, ATTEN: 3 dB, OFFSET: 0.00 ms
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Issues investigated and solved

® Receiving lonograms in the near field of VIS transmitter

* |solation — electrical, RF, spatial (2100m and position in the null)

* signal processing
® Self-generated noise sources

* Direct wave leakage and phase noise

* other equipment on site (generators, comms antenna, ...)

* coupling via common power-lines, timing sources (TRDU, GPS), switched power

supplies, power-packs, RF leakage (PA, WFG, GPS), earth-current loops

® Rx choices: Monitor drx vs MKIID drx

* Monitor Rx sufficient for F-layer signals.

* MKIID required for better sensitivity in E-region (avge of 9dB better SNR)

® Improving the SNR at E-layer frequencies
* Alternate Rx Antenna, Signal processing options

® Visual inspections of Raw, cleaned, processed ionograms and Trace
extraction
* When the ionosphere is good, all fits and extractions are good
* Many unusual ionospheric conditions produced many poor results
* Tuning and algorithmic development for a more robust system

® Operational viability
* Running at an existing JORN VIS site, using existing JORN VIS antenna,

* in presence of OIS Tx
* Connected to JORN sounder data network, being received and displayed at JCC

DSTO
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In Progress

® Soak-test of PRIME at an operational JORN
sounder site — full feed into RTIM etc...

® Align high-res output with OIS high-res files

® Transition the PRIME solution to a JORN
supportable, configured, operational system

® Build and field more systems

® Transition Build and Maintenance to Industry

DSTO



VIS Replacement Trial: Curtin 2014
“Simultaneous” DPS-1 and PRIME data collect

HBA PLOT (F-PLUS, O-MODE): 14/11/08 00:00 - 14/12/08 00:00
L — - — - ! | |

Extant _wsq° & cor e e

20 P W L e Curtin (JORN) . |
i o . | . - SN ol ;

=
JORN =
VIS g
(DPS-].)
. |8 p im0 |
315 320 325 330 335
00 00 day of yegB(OOOO uT) 00 00
“logloal1ol41T12l13l1al151161 17118119 20l 21122123124 251 26127128 1201 301 011021031 041 051 081 07 |
| | | | | |
20 Curtin (JORN VISrep)
15
T
HFRB =
VIS g 1o
(PR||\/|E)

315 320 325 330

00 a0 day of ye85(0000 um)

00 00

“logloal1ol41 112113114l 1511611711811 20l 21122123124 1251 26127128 1201 301 011021031 041 051 081 07 |
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-150
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harrist on Trevors-MacBaook-Pro at 13/12/2014 04:49

Nb: features same in general, some difference in detail D STO
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JORN Sounder Locations
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Virtual Height (km}

lonogram / Trace comparison

PRIME HRI

2014/12/04 01:42:58, Rx: cur, Tx: cur (0000_0100) (Proc:

0156k_enlf 5)

1000 T T
~——{1) E-trace . 2) {1
(1) Fi-trace . DPS-1 718/, DORS_ddrx_MKIID 718/,
_{1] F2-trace. ARTIST w05.89 CURCUR
900 —— (1) TrueHeight . e 2 L
(1) Reinverted . DIRWV v1.20
® (1) foE 3.8MHz. HE:‘I Eag
(1) foEs 5.4MHz . A
800~ © (1) foF1 52MHz. gkt W
® (1) foF2 9.7MHz. CALC v1.14
(2) E-trace . ﬂ'ﬁ v:«;g
——(2) Fi-trace . oM vii8
700 —— (2) F2-trace . PRM v.16
——(2) CC-TrueHeight .
(2) foE 3.8MHz .
® (2) foEs 4.7MHz.
600 ® (2) foF1 5.7MHz. .
® (2) foF2 9.7MHz.
u | | |
4 ] 8 10 12 14 16
Frequency (MHz)

110

dbW

<150

=160

170

180

Virtual Height (km)

DPS1 SBT

2014/12/04 at 01:46:05, Rx: 718, Tx: 718

1000 - - — - -10
“==—(1)Etrafe. - 7. T 5 - - ("
2= (1)Fitrace. -~ -- DPS-1718), r . - - DORS_ddrx_MKID 718/, .
~==(1) F2-trace. - Cos “ARTIST w05.99 - ._ .- 1 CURCUR -
900 42— (1) TrueReight . ~ .0 MWLt ERociisny
F 0 (1) oE 38MHz. . - - . Pl DIRWY vi.20 -
© 0 -(1) feEs 5.4MHz 7 - - .ot Hﬁ:‘l :;;g 120
] - . - s s - = =
0 7 (1) foF1 5:2MHz .. - Lo !
8005 @ (1) foF2 9.7MHz. - | - . v B
-~ (2) Egtrace~, .~ - - : : CALC v1.14
f—2) Fl-trace . o - |- XTR v1.35
——@)F2race. ~T . L] LSAI‘: :H': 43
700 — () CC-TrueHeight . . | Lo Z PRM v.16 -
- 2) Reinverted . =~ _j - - SR -
: (2) foE 3.9MHz... r o - LT =
O: (2) foEs 4.7MHz. .7 TN B . .
600° @ (2) foF1_57MHz. = ; - - - .
' 0! (2) foF2 9TMHz. R B - = ) 140
- 3 = . . . . - ) _:
L~ ;_ * _:- R T i o
500_-. E S : T
é i . - - - Te
I, a i . Sy 4150
400} o . - -
300: - - kN . T ) - 60
200/ i N
M s e . A70
1002 I
0 1 1 | | -180
2 4 6 8 10 12 14 16
Frequency (MHz)
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Virtual Height (km)

lonogram / Trace comparison

PRIME HRI

2014/12/04 01:50:28, Rx: cur, Tx: cur (0000_0100) (Proc: 0156k _ enlf 5)

1000 . : :
— {1] E-trace . 2 i)
(1) F1-trace . DPS-1718/, DORS_ddrx_MKIID 718/,
—— (1) F2-trace . ARTIST v05.99 CURCUR
900 —— (1) TrueHeight . il ]| e ¥
(1) Reinverted . f | DIRWV v1.20
0 (1) foE 4.1MHz. ff ' HE:‘I Eég
(1) foEs 9.0MHz. 2
800~ © (1) foF1 57MHz. 1/ gkt W
® (1) foF2 9.9MHz. CALC v1.14
(2) E-trace . ﬂ'ﬁ \r:g:
= (2) Fi-trace . M :ﬁ 5
700 —— (2) F2-trace . PRM v.16 -
——(2) CC-TrueHeight .
(2) foE 3.9MHz .
® (2) foEs 4.7MHz. !
600~ ® (2) foF1 5.7MHz. 4
® (2) foF2 9.7MHz.
500+ J
A
s'
400 - i
300+ i
200
b a0 1LY
v +
100 —
0 | | |
2 4 ] 8 10 12 14 16
Frequency (MHz)

110

dbW

150

=160

170

Virtual Height (km)

DPS1 SBT

2014/12/04 at 01:46:05, Rx: 718, Tx: 718

1000 e — — T —
e (1) E-trabe. =~ =% ~. ] 2 - - - )
2 (1)Fitrace. ~ -* DPS-1 718/, r . - - DORS_ddr_ MKIID 718,
~==—[1)F2trace. - .= - -"ARTIST w0599 - ._ .- 1 CURCUR -
9007 42— (1) TrueReight . ~ .0 MWLt ERociisny
F 0 (1) foE 41MHz. . - S R DRWY vi20 -
© 0 -(1) feEs 9.0MHz . "-. - .ot Hﬁ:‘l :;;g 120
0 7 (1) foF1 S7MHz .. - - G -
8007 @ (1) foF2 99MHz. - | L] v B
—(2)Egtrace~, .~ I-7 u : 1 CALC v1.14
f—2) Fl-trace . o R XTR v1.35
——@)F2race. ~T . R . LSAI‘: :H': 43
700 —(2) CC-TrueHeight . . - = -~ _ .°" | - - PRM v.16 -
- {2) Reinverted . =~ 3. - -7 - < < ] ” -
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lonogram / Trace comparison
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Final Results: 0-Mode lonogram

Image with trace, QP parameters and profile
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Final Results: 0-Mode lonogram
Image with trace, QP parameters and profile
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Final Results: Example-2 Raw lonogram Image
with trace, QP parameters and profile
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Example lonogram
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Example lonogram
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Difficult lonosphere ...
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Difficult ionosphere...
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Manual validation of the trace fitting
to GOOD and AVERAGE ionospheres.

Validators: Lenard Pederick, Manuel Cervera

6 days of Data from Woodside VIS for
e 12,17,27,30 Dec2013, 1,2 Jan2014

GOOD ionosphere:
lack of spread-F, spread-Es and multihop Es;
* Observability of E, F1, F2 layers (hence must daytime data)

VISRep
algorithms
of Apr2014

E 475 | 22 |6 fail due to spread E 497
F1 378 | 110 | 101 fail due to bad F1/F2 cusp | 488
F2 492 | 17 | All provided a good foF2 509

This table represents the accuracy of the trace extraction
process for those ionograms that an expert could scale

DSTO




Test-21:
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Test-21: VIS Side-by-Side Comparison
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Comparison with Sounder derived Parameters
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Difference in Virtual-Heights (F-region only)
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