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Nz Overview

* SCINDA concept &
examples of recent
scintillation activity

* Update on sites and
planned deployments in
Africa

* New developments in
SCINDA

* Opportunities for
collaboration with C/NOFS
and other satellites

* Summary



\\/ SCINTILLATION NETWORK DECISION AID
N7 (SCINDA)

A regional nowcasting system to * Ground-based sensor network
support research and users of space- _
based communication and navigation — Passive UHF / L-band /GPS
systems scintillation receivers
— Measures scintillation intensity,
eastward drift velocity, and TEC

— Automated real-time data retrieval
via internet

* Data supports research and space
weather users

B | — Understand on-set, evolution and
Yol dynamics of large-scale
ionospheric disturbances

— Empirical model provides
simplified visualizations of

Real-time to 2-Hr Forecasts scintillation regions in real-time




\. / Data-Driven Scintillation Ma
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SCINDA User Product Example for 250MHz
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\. Z GPS Scintillation in Same Environment
\.-,/ Much Weaker than VHF

GPS S, & Elevation Angle f { VHF Scintillation
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Data-Driven Scintillation Map
April 2008

SCINDA User Product Example for GPS
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\”/ Typical Hardware Configuration

-

Antenna Layout

’4— 50-150 meters >
2 meters

West Receiver East Receiver

Magnetic

Magnetic E-W Baseline

Shared Monitor KVM Switch GPS Antenna
. VHF Receivel Keyboard
RG9913 Coaxial Cable GPS
(180 meters max.) cable out ( l Receive
o o s ) Y
antennas [ 1
O O 0O Internet /
|_| Local

— N —

Figure 5. VHF (250 MHz) Receiver Chain and Data Acquisition System [d [d
VHF Computer GPS Computer

Receivers Set-Up



GPS System Installation

= Equipment List

[ ‘i' 2

=
1: NovAtel GSV 4004B GPS receiver
2: NovAtel dual frequency antenna
3: Antenna cable (30 meter maximum)

— 4: Serial cable

5: Power cable

6: Personal computer running Linux
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\“/ GPS-SCINDA System Software

GPS-SCINDA Scintillation Monitoring System
* Operating System: Debian Linux
* Software runs in text mode in a Linux console
* Configurable via command line interface

* Sends data via Internet connection and SFTP

10
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\ GPS Data Logging
+* \What we measure: GPS System Outputs

* GPS L1 signal (1575 MHZz)
— S4 scintillation index
* GPS L2 signal (1228 MHZz)

— S4 scintillation index (not useful at this time)

* Both the L1 and L2 signals
— Total Electron Content (TEC)
— Rate of TEC Change (ROTI)

* Raw amplitude and phase data (50 Hz) can be
recorded as desired

°* New data plotting and analysis tools available
— C. Carrano presentation/software Wednesday

11



A |
\( Mounting the GPS Antenna

GPS Antenna should be installed high, with minimal obstructions from
buildings, other antennas and equipment, power lines, and trees.
Antenna cable length should not exceed 30 m to limit signal losses.

GPS antenna |

Important: Moving the
antenna or changing cables
can change the receiver bias.

12



) 4
N GPS Multipath

Only the portion of the signal that travels along the direct path from the
satellite is useful. All other contributions are called multipath.

Wavefront from satellite
Edge diffracted path

/ Direct path

Reflected pa
GPS Rx.

Antenna Reflected path

A\

S S S S S S S SSSSSS

Signal interference at the antenna due to multipath causes fluctuations
that can resemble scintillation, but these fluctuations are not caused by
the ionosphere.

13
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Multipath and Scintillation

The pattern of multipath scintillation
changes slowly from day to day (due
to the 4 minute daily rotation of the
GPS constellation)

lonospheric scintillation changes
quasi-randomly from day to day and
is superimposed on the multipath
background

Multipath due to ground-based
obstructions of the sky is usually
encountered at low elevations

Data from Ascension Island in 2006
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New VHF Scintillation Sensor

Software Digital Radio (SDR)
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SDR monitors multiple VHF GEO channels

°* AFRL/RVBXI is pursuing a new VHF geostationary beacon sensor
exploiting software digital radio technology

Much greater capability (10x), much less costly (1/10) than existing
hardware receiver

Enables sensor proliferation—> sustenance for data-starved models!

Plan is to adopt technology for other RF monitoring systems (e.g.,
C/NOFS beacon receiver)
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N  Space Science across Africa

AFRL hopes to develop

10-12 new sites in Africa & Asia

over the next 2 years

« Scintillation activity across Africa
assumed high based on satellite
observations, but ground-based

measurements are needed

UN Basic Space Science Initiative
(BSSI) focused on IHY 2007-2011

AFRL participation in UN-sponsored
workshop to identify host nation
partners & collaborators

Goal is to establish robust
monitoring network with scientific
collaboration across Africa and Asia
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Ny 2" SCINDA IHY Workshop in Ethiopia

|
. =
g,
ey,

Purpose: Train participants in equatorial ionospheric physics
and SCINDA sensor installation, operation and maintenance
« Held 11 Nov 07 - more than 50 participants; 12 nations represented

 Visited Ethiopia installations to verify site quality

« More than 10 new sites planned across Africa

* Plan to conduct 3"¢ workshop in Zambia in June 2009

“h
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SCINDA Ground Stations

Present and anticipated thru 2009

—_ !

Magnetic Equatorial
Region Scintillation Belt

'210E [ 240E  270E & T300E

-~ 330E 0

30E

BOE 90E 120E 150E

. Existing Sites

. UN IHY Sites

. Other/collaboration
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AFRICA
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Sites in Africa

Percent Operational since 1 Jan 07

New Installation Phases

Phase | Mar09 |/
Phase Il Jun 09

Phase Ill Aug 09 |»

Lls'hcl:Z _}’_'
LI =

oy

A ST ANDS
caubl.snc.:
h31

e PORTUG

e Al
SPAIN

par/ |

i
£ _MOROCCO, |
RV ISLANDS \M"m A5
ISFRIFD

| SCINDA Sites up and good data
- Proposed new SCINDA Sites

jul
THE qanumé.,’f_\'
| Eissau

\ u-‘.lhu.u Riyadh,
Al wf A —
a_ | ___fc.rg_ 4= _'__ A *-‘;* [ —SAUDI
\/} e n ARABIA
Port
I _MIGER ;
| i

h ‘:.\;'rb::f et |

GUIMEA BISSALY,

Comm issue

e — |
‘\\J-—‘—«\/—/E-”_r I'l
..... A [ El - YEMEM i \
/ CH, i Klamumg:{ [ & it . = arabian |
i Zinde 1 [Cacas,
ol o T y sunn\\ [Eaas g .
il D DY : |
\“}\h o Ve ! g LN Comm issue
| conakry m”- ¢ MIGERLA Jr’ | rJ\‘ I(g‘g fihs LB
| Freetown 2 Ah-[a/ﬂ \\ uuuuu - r 1
™ ¥ r £
A ‘§ LJ:.'J oty “’9‘ f 2 - MALA]'R]CALH II"\ KP“"" g,
menevia e emoumofr, Aca = “soMaLia
| LIBERMA [ Ahidan— J;\’tl, oy ‘ '3'5“
BQUATORLAL c.uuen d
ulll.r oF Guined ‘ =£= r}(’ cong?, Mogadishu
a— =me mmf,?g.,,_, C:m’ ol -
=a0 Tome O oM =
Asmobdn’ cuq Indian
(B T
nr MIIGJ Qcean  “Hopms
| Poind te—NoI e ﬁ'!ﬂll I Il Zee ;
. mm ‘Cakinda g, T bl -pdaryt % T,.\ﬁz.\nm %‘ID" @s SEYCHELLES
| ‘‘‘‘‘‘‘‘‘ ;L“ ‘. e { alaam
T south | Y L i ;L,) P !
et o ) *—,—-ml:“"m\";'"',..,. S I e
II Atlantic | i NGOLA ¢ mf\ﬁ. Lilons Franes, e
| | [ tuflango { EAMBIA ¥ - :
| ODcean st tens | Namibe J Lasaka m.\.}"w ih FRACES .
1 - Helen,
\ . * | M |
\ '. Phase | shipment p=e* | A
20—+ = Denis— W20
\ | Windhook| | DoTsmame—. ADA;!.»’\SCAR W Mk
.II T of Caprcamn | walvls aay} " e 4 K;;;:;;J_"/—_' = r e |
- - - o | e Gabownf’mmﬂ, 7{ e
\ | % * =
\ II 'n,".;, L~ Johanres bur, sm- p /
\ SOUTH 1.
| q‘::\‘-"’” \"&,_ﬁ‘ ru .'I
1 I
u, 9 |
\ |
1 Cape Towr
|
Scale 1:51,400,000
Azimuthal Equal-Arca Projection
a

600 Kilameters
o
— 40 —

500 Miles

Boundary r tation is
not Bce-ss.:rll\r ulhcl Hathe.
20

ngh act|V|ty September April

2C

-HIE'

19




SCINDA Africa Network
Existing Sites
1. Sal, Cape Verde,
Mr. Jose Pimenta Lima
2. Abidjan, lvory Coast,
Dr. Olivier Obrou
3. Akure, Nigeria,
Dr. Babatunde Rabiu
4. Lagos, Nigeria,
Dr. Larry Amaeshi
5. Addis Ababa, Ethiopia,
Dr. Gizaw Mengistu
6. Bahir Dar, Ethiopia,
Dr. Baylie Damtie
/. Nairobi, Kenya,
Dr. Paul Baki

® Pre-2006 SCINDA sites
@ Existing IHY Sites

® Planned IHY Sites 2008 ; : : :
e Potential IHY Sites 2009 ss0e e e oo




8\ _
\’.’/ New Sites Expected by June 09

v de. C Congo Brazzaville
|0Lnge, Lamsroor Dr. Dinga Bienvenue
Dr. Guemene Dountio )

Dr. Cesar Mbane

il

P

* Provides coverage in important Central African area

21



\/ Geographic coordinates of the
°wr Abidjan GPS receiver

Source: O. Obrou

Dr. Olivier Obrou, P.l.

GPS receiver
Lat = 5.35°N
Long =-3.98°W
dip = -10.18°S

Geographic Latitudes (deg.)
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GPS RECEIVER AND A ISITION SYSTEM ): N
AT 4 Abi .CQU SITION SYS SRV R
«°> idjan v )

Source: O. Obrou
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GPS 5, & Elevation Angle — Abidjan
Evening of 05 Apr 2009 (Day 095) B\
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\/ Diurnal variation of TEC over Abidjan
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Addis Ababa, Ethiopia

Dr. Gizaw Mengistu

a-\\‘

GPS S, & Elevation Angle .gf ~.
Evening of 12/26/2007 : Addis Ababa o8 ;
28T .

Lpaated 14 Agr J0:287 1 Local Slnset {300 Km) at 16
13

! g

I z
. A ot
1 8022 &
| ol &

o) |
T oaf —

A e e e e S Al bl . A el e e i o
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 Good environment; low multi-path
* Real-time comm expected by Jun09

 Numerous students involved in various aspects of data
analysis & modeling



A ) L
. Akure, Nigeria
\/ Dr. Babatundg Rabiu

* Recently initiated real-time observations
« Initiated a Center for Space Research
 Numerous students involved in various aspects of data

27



Consequences of using reference systems
that are not consistent !




AFREF

AFREF

African Reference Frame

* African initiative to unify the different datums



\ / New Requirements for SCINDA GPS
k- ’/ Installations

“Monumented” Installation to
support Geodetic & other
communities

— Sharing sensors to leverage efforts

Not a lot of extra effort for a lot of extra benefit

30



J  Common Observation Periods
C/NOFS & ALTAIR

* Both systems operating Sep 14, 15, 27, 28, & 29
Sep 14 2008 Day 258
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Common Observations

15 Sep 2008
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\ / Communication/Navigation
\,,J Outage Forecasting System

C/NOFS

First-ever system for
continuous global
scintillation
forecasts of
communication and
navigation outages

C/NOFS

“Forecasting — long denigrated as a waste of time at best
and a sin at worst — became a necessity” P. Bernstein, Against the Gods, 98
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\\ # Communication/Navigation Outage
b4 Forecast System (C/NOFS)

Advanced Concept Technical Demonstration to Forecast Scintillation

oa
‘Q/

o Satellite — low altitude / low inclination
- Inclination: 13 deg (target)

- Elliptical orbit: 400 x 800 Km
« Space Vehicle Payload
- GPS Occultation Receiver
- Vector Electric Field Instrument
- Planar Langmuir Probe
- lon Velocity Meter, Neutral Wind Meter

- Multi-frequency radio beacon
 Launched 14 Apr 2008

« System still in check-out phase; all
sensors’ operation nominal

 ALTAIR ionospheric data collection
for sensor V&V already started




./  Whatls “Calibration” Role?
QL

Ground Measurements vs. In Situ

New capability with C/NOFS

Equatorial
Irregularities W Plasma Density
>
2%{ 2%{ C/NOFS
\ i , Satellite
\\\ 1 I ‘ .||.| ,’,,’
Tt "-"C‘u.
CINOFS . Ay e
Beacon '
Signal

,f / —W % | Scintillation

Receiver @
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\ J CINOFS Planar Langmuir Probe
\ (PLP) Electron Density Data

\

S
6 Day 285 11-Oct-2008 22:09:53 orbits 2638-2639 /' PLP in-situ densities
10 / 900 — 1 sec averages
N Altltude
— Eclipse

Spectrogram of PLP
High Rate Data

— 0-256 Hz

Ground Track

—  Sunlight

— Eclipse

GLON

GLAT -036 15 128 06.4 +03.7 +11.5 +12.6 +02.3 Mag netic Eq uator
GALT 724 555 431 411 514 683 817 802
MLON 116.4 157.0 200.8 244.0 2836 323.9 011.9 092.5
MLAT -134 225 22.1 -10.8 +06.0 +19.5 +24.0 -10.1
UT  11:45 11:57 12:08 12:20 12:31 12:44 12:56 11:37
LT 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00
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*\/ Space-Based Nowcasts
*$*  Phase Screen Scintillation Estimation

lonospheric irregularity model creates a 3-D
» representation of plasma density perturbations.

S,

] — -
Transmitted ;
radio wave —— i —

74Qq SATCOM link geometry
\ \

apnnIv

1
Equivalent
phase screen

spninv

!

1 Scintillated
| wave received

Longitude '

Density fluctuations are converted to a
phase screen and scintillation magnitudes
are estimated at desired frequencies along
orbit trajectory
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\ C/NOFS —Planar Langmuir Probe
+* First Detection of lonospheric Bubbles

5/3/2008 B:20:53 PM
E+&

28

1.0E+5
200

1.0E+4
AN

1.0E+3 4100

Day — night

g Rlanar Langmuir Probe
12 variation

lon Density (cm-3)

150

Eclipse H i i ' i .
UT: 20:30 21:00 21:30 22:00

PLP detected ionospheric bubbles
at apogee over Africa near midnight

These ionospheric structures cause Com/Nav signal degradation and loss
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A 2 C/NOFS Forecast Validation:
\,3,/ ALTAIR Campaign First Results

27 September 2008

. ALTARREIAINEM . o1z v au

g B Preliminary results from
& forecast model run with
.\l ground-based data only

C/NOFS passed through T
F-region just after sunset; = [HENHHEREEEE
ideal forecast conditions a2 Ly

“Attitude

Actual Data

Forecast Model Results

..  Ne
o+t 10t 100

\ RunlD: PBO8271 mid= 54736 TL=22.0025
600

Ititude
00

j y -600 -400 =200 0 200 400 600
¥ | West - East

o 06

f§ Tt . — — |
[ SE First case investigated promising! I A S
UT Hours ‘ ur Slide 9/31 43




\ Z C/NOFS Modeling and Forecasting
\/ 27 Sep 2008: A Quick Case Study

P . .
07:34 —07:42 UT
1ot 108 100
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C/NOFS Model Prediction ALTAIR UHF Radar Observations
Climatological Inputs West to East Scan

Perpendicular to Magnetic Field
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‘\/ Kwajalein Atoll, Marshall Islands
DG 27 Sep 2008

_ 08:03 — 08:11 UT

1ot 108 100
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\~ Kwajalein Atoll, Marshall Islands

]
s 27 Sep 2008
SO0 . RunlD: PBOS271 UT= 25323 ) ALTAIR FA Scan — 27 Sep 2008 (Day 271} DB:24:577 — 08:33:007 : UHF CALIBRATED DEMSITY
G600 P -__'T e L AT ST e T 7 . F 7.0
-E - e h ~ 80
Z = L 5L, v A '?E
4 400 :E: 400: : ; 5.0
E 00— — L
OO0 g : : E 4.0
00— | a
00 — A0 —200 Wcstci e 200 400 SO0 mo-_ B 10
¢ ‘ —4IOO I I I —2‘00 I ‘ I CI) I I I 2(I}O I I ‘ 4—;}0
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C/NOFS Model Prediction ALTAIR UHF Radar Observations
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Perpendicular to Magnetic Field

*Density irregularities are strongly field-
aligned

*Radar experiences strong coherent
echoes (Bragg backscatter) when
operated in this geometry
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A )
\/ Kwajalein Atoll, Marshall Islands
27 Sep 2008

) ALTAIR FA Scan 27 Sep 2008 (Doy 271) DB 35 572 - 08 44:007 UHF
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Slide 13/3147



A )
\/ Kwajalein Atoll, Marshall Islands
27 Sep 2008

P . .
— 08:47 — 08:55 UT
10 0 o}
RunlD: PBO3271 UT= 8.86563 ) ALTAIR FA, Soon - 27 Sep 2008 (Doy 271) 08: 46 572 - 08 55 a0z UHF CALIBRATED DENSITY
. T 7 T 7.0

LT L

4 200
£ -~
£ 2
4 Ao —_ 2
£ 2
E 00— — .
% 00— — %
—S&00 400 —200 w:stc:i e, 200 400 SO0 ol B
¢ ‘ —4‘00 I I I —2‘00 I ‘ I CI) I I I 2(‘}0 I I ‘ 4—(‘)0
Inteqration Time: 1-Sec Horizontal (Lengitudinal) Ground Distancs (km)
C/NOFS Model Prediction ALTAIR UHF Radar Observations
Climatological Inputs West to East Scan

Perpendicular to Magnetic Field

Slide 14/3148



\/’ Kwajalein Atoll, Marshall Islands
27 Sep 2008
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\/’ Kwajalein Atoll, Marshall Islands
27 Sep 2008

_ 09:09 - 09:17 UT
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A )
\/ Kwajalein Atoll, Marshall Islands
27 Sep 2008
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Two views of the same phenomenon

1.Strong coherent scatter from
meter-scale field-aligned
irregularities

2 .Weak incoherent scatter from
ionized gas viewed off-perpendicular
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/ Kwajalein Atoll, Marshall Islands
e 27 Sep 2008

— 09:41 — 10:01 UT
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Kwajalein Atoll, Marshall Islands
27 Sep 2008
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\ Kwaijalein Atoll, Marshall Islands
ur 27 Sep 2008
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N} )
N  CINOFS Scintillation Forecast

* Data-driven prediction for Day 271 suggest stronger development than
climatological results, consistent with observations

Growth Time [minutes] C/NoFss DC fignctic Coopd
&7
4] 10 20 30 40 50 60 PE,

PBO3271 mjd: 54736 UT: 850 ;

2
Z 0 -
i )
Lati L . H H

.- irst Physics-

Based, Data-

- Ll
Driven
n - - 1
Scintillation Y
_, Forecast Ever
Lat ',:" : Made! ! !
F ey, oy 1 509 N,
'5051 . A T ’ H:EJ | § :
g5 T T T T m": g 6 ¢ 8 g 10 11
| S N N T S U.T. Hours sinee 00:00:00 Sept 27, 2008
0 50 100 150 200 250 300 350 green dobs: altitude; biack dots: MLS
Longitu de

Very early results look promising...BUT a lot remains to
be learned
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A - - -
New Horizon with Space-Based Radio
\‘v/ Occultation Techniques

* C/NOFS occultation
geometries favorable for

complete characterization with
ground-based GPS

* Data can be provided for
specific passes known in
advance

ROIQOOSOQZU—L%\%?GSGOE%EIZB png

* Can also be used for
scintillation detection

. * Numerous good opportunities
ALTAIR VHF/UHF Radar will occur in the equatorial zone

» Combining ground- and space-based GPS observations
promises to be an effective characterization technique

Stide'8/31 5g



CERTO Beacon

I— e i s

ALTAIR VHF/UHF Radar

* Direct comparison of ionospheric
structure observed with radar and
deduced from C/NOFS beacon signal

* Physics-based model applied to test
forecast capability

* Requires ground-based tri-band
beacon receiver

* COSMIC & other satellites transmit
similar signals

Slide 8/31 5,



A 4
\,‘,/ SCINDA Summary

* SCINDA provides robust state-of-the-art sensors for
lonospheric characterization (irregularities, TEC)

— Goal is to ensure good coverage across Africa for next solar max
* Project has phased approach to:

— Establish “macro-scale” coverage in equatorial belt

— Develop small-scale arrays for detailed characterization

— Expand coverage to mid-latitude for magnetic storms

* Combining ground- and space-based data facilitates better
characterization & development of improved techniques

* Please see us if you are interested in participating—
opportunities for research collaboration & hosting sensors
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