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Real-Time Fusion ¢
IRl model and GIR

http://giro.uml.edu/IRTAM

American National Standard (AIAA, 2011) listed 46 ionospheric models
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Real-Time Deviatio
from Expected Cli

http://giro.uml.edu/IRTAM

American National Standard (AIAA, 2011) listed 46 ionospheric models
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Jones-Garret Expansion for foF2 maps in IRI
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Diurnal expansion — classic Temporal Harmonics of 6" degree (13 coefficients)
Spatial expansion — highly customized Geographic functions Gk (76 coefficients)

Assimilation Design: produce new coefficients; keep classic base functions
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76 Gk base functions
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Spatial base function examples
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Real-Time Measurements by GIRO

W Qaanaag * Nard

'*!-j ondrestrom b *’ Morilak
* *EIH:J.H':-:I-.

Eirlaan
%‘:.I loina *-.- 5
Julivugruh Takutsk

. o
*HII g Salmon Goass H.'l.-,-* Chiltan * * *h‘l-:...r_-:l'.'-. Irkl.l::-c* *Muhf.-

Pr, .'I'E.I'lu.'q.
daho Hational Lak % f:'q*':_l'c'lrlhl'“l'; sl H-..;I;.Il'lli-',mr Baijin |-i.*' |-Eheon
Albuguergiie #EF'-"-I det Miatane Hill Athens A '|||"-*' -k

Pt. Arguelbo Nicosia
.ﬂ.:w’,ln* **'-"HI ops 1s: El Argndsillo * Multan slamabad Ii:~|||
Wuhan

Fairford

Eglin AFE . Harachi
r Sh =
BE B I | |'| ||'| Guam

*R..mll:',‘ L [ .|:l.|1"I'||"""'1|'l1

Lo
rrn"mrl LA

Boa V !:I.s* *5 a0 Luis
rur1..1|-.*

T * ‘*’i__ achimbo Ascension Is,
Jicamarca o . |
ampeD Granda

* K Madimba 1 n.-.r-nnnh*

BT * Cachogira Louisvale
Rt I_ : * Faulisgta **I’_. LG L Ll
Hermanus *

Hwajalain

*F‘l.'-r'. Slanlay

* Existing GIRD Sensors
Zhong Shan *I:-.lﬁr.".'

Problem is overdetermlned in time domain and underdetermined |n space domain
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IRTAM Approach One

1. Overdetermined task in time: obtain 13 coefficients
from 96 data points at each GIRO observatory
location

Excessive data points can be used for quality control

2. Underdetermined task in space: obtain 76
coefficients from 40+ data locations

Certain interpolation rules are needed
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Interpolation Ideas

Currently implemented two-step procedure: (a) time domain, (b) space domain

1. Compute 9
2. Expand 96

3. Expand ea

IRTAM vi.1B e UlE =2 00 A0 T 9522500
.-\...- - X
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Direct computation of globa‘kimhour error compensation term
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Robustness to Autoscaling Errors

Assimilation of foF2 in IRI, single station
Eglin AFB Digisonde, Sep 1-2, 2011

Correction IRI-RT
4.523958 1.64728125 6.17124
-0.82529 -0.15432771 -0.97962
1.755294 -0.48603984 1.269254
-0.00355 0.3219337 0.318386
-0.08352 0.38327258 0.299757
-0.09584 -0.42867996 -0.52452
0.294172 0.07156006 0.365732
0.147204 0.02739482 0.174599
0.05648 0.34070717 0.397187
0.048459 -0.1945982 -0.14614
0.081315 0.06610163 0.147417
0.043931 0.03089868 0.074829
0.017185 0.18881086 0.205996
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| s — - Linear least squares estimate
Compare ‘\ * Predictor function has to be
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Synaptic Weight Engineering
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Synaptic Weight Engineering (2)

Iil IRI Real-Time Assimlative Map.

Layers

o b el e i Ak

[ USGS Topographic M

[] USGS Topographic Maps 1:24K
[[1USGS Urban Area Ortho

[] Political Boundaries

[v| GIRO Reports

[¥] Interpolated Delta-C

[] Spherical Fit to Delta-C | '\ : r v +—> d ii

[¥] Place Names . . W - . 3 . : i 1 D=1 000 km J

World ) , Z g - J

E3]
) Round @ Flat V = J
1

Projection: |r.'1€ercator i'l i l l .o
— q

INTERNATIONAL
R : \

Assimilative Map

IONOCSESPHERE

Altitude 50,828 km Off Globe

Real-Time-IRI Task Force Meeting e Lowell, MA ¢ May 19, 2014




Base Functions Coefficients Naes Synthesis from coefficients
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Gk are not orthogonal
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Orthnormalization of Gk is needed
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Use Fk instead of Gk for the fitting

Following suggestions from Jones and Gallet, 1962:

(1) Use orthonormalization to obtain F, from G,
Jones/Gallet used Gram-Schmidt process
Numerical accuracy problems
Had to apply G.S. algorithm twice
We use QR decomposition
(2) Use a fitting algorithm to obtain ¢, for F;
(3) “Unwind” coefficients ¢, to obtain C, that are compatible with G,
Use R matrix

IRTAM vi.18 e UTE=2 0 A TR 92200
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76-order Least Square Fit, no kidding

Finding ¢, coefficients to fit /, functions to
data /

Multiple approaches tried

This is 76-order over-determined fitting task
Inversion of [76 x 1296] matrices is not reliable
Current best performer: Approximate LS solution
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