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Outline

Review of ARTIST-5 innovations
Autoscaling Confidence Level (ACL)

— Prevent low confidence data from assimilation

ARTIST-5 Uncertainty Study
— Error Bounds for Characteristics
— Error Boundaries for Electron Densit

Where do we go from here
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APE (1974)
BISA (1981)
ARTIST (1982)

ARTIST- Il (1986)

ARTIST- 111 (1991)
SARTIST (1991)
ARTIST- B (1994)

ARTIST- 4 (1996)
ARTIST- 4.5 (2004)
ARTIST- 5 (2002)

ARTIST Family

Automatic Parameter Evaluation, “Geomonitor” Intel 8080 microprocessor
Bottomside lonogram Scaling Algorithm, Cyber 71 and CDC 6600

Automatic Real Time lonogram Scaler with True Height calculation, standalone unit
based on Intel 8086 chip

based on PC
upgrade to ARTIST-II for Digisonde 256
stand-alone version of ARTIST-III for DPS

Neural networks algorithm for tracing, separate analysis of O and X polarizations
(inspired by PACIFIC)

Win32, stand-alone, AUX computer
Analysis of data in true height domain (trace gaps anc

Fortran — Java, 1/O and graphics unified wi
other improvements )

IGF 2@14

XIV INTERNATIONAL GIRO FORUM - 20-23 MAY



ARTIST-5 Innovations

PACIFIC

© 1993-2007 © 1985-1993, 2006-2008

Artificial Program for
Neural Autoscaling of :

Network Conventional
pre-Attentive

Eye

Interpretation

Control |GF 2014
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Extraction of Traces

foon (Caries * Original design: 1993-1994
" Bio-plausible additions: 2003-2004
* New clustering algorithm: 2007

Dendrites (Carry
signals in)
‘\‘i
Synapse size changes in
response to learning

Rotor interaction ( : D
(Co_cirCUlar model) /IN O /INC/INO/IN /N /INO /N /IN O /IN N /N /

e Hopfield Feed-back ANN Hondz 4RO 242 |



PACIFIC _pacieg,

e,

Seeks trace segments pointing up
Considers 6 configurations A-F

Fits O- and X-cusps independently
and refits if they do not match

Allows down-grading to ionograms
without polarization taggmg or with
swapped polarizations
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IONOGRAM Classic edgel A T IVCPREHEPARAN
thresholded detection detection
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ARTIST-5 Lessons Learned

Accurate foF2 cusp processing is
most important

— Careful with cusp extrapolation above

last trace point

Imperfections in trace extraction are
not important

— Small effect on Ne density profile

NHPC Profile inve
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ARTIST-5 Lessons Learned (2)

Gakona 2008 Aug08 221 1700
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Short steep high traces are most difficult

— Summer
— Low solar activity
— Storm time / F3 layer

Second hop traces are difficult
— from sporadic E layer
— stronger than 1%t hop trace
— Not removed by multi-hop analysi
— Dourbes Digisonde 4D i "

lonograms ta
shall be pr
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lonogram Optimization for ARTIST-5

Use smallest frequency step possible under
measurement time restrictions

Use Precision Ranging mode
— Subject to PR quality verification
5 km may be better than 2.5 km

Reliable polarization tagging is |
— Special considerations appl |
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< ARTIST 5.0.02
File Debug Options Help

Millstone Hill, MHJ45 2008.04.15 (106) 14:30:00 SI_
E

F1 F2 C-level 11
4.13 4.48n

720 -

650

List operations 600

Modeling

Current record

Process current

=

_ Stepinto | | " ! . y ) J ! 50 55 6.0
Start over [ Rerun | 3.20 4.20 ARTIST 5.0.02

o records open |GF 2 an 14
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ARTIST Quality Assessment

e Autoscaling Confidence Level (ACL)
— Detect severe errors to disqualify such ionograms

* Uncertainty of autoscaled ionograms

— Bounds for characteristics
— Boundaries on Ne profile

— Components of uncertainty:
* Autoscaling errors: statistics of manual vs autos

* Profile inversion uncertainty: compare N
to the uncertainty
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ARTIST 5 Confidence Score

Determined automatically by inspecting both individual steps of
interpretation process and its outcome for anomalies

Confidence Score ranges from 0 to 100

Starting score is 100
Confidence score is lowered each time a quality criterion is violated
If final score gets below 50, the scaling is flagged as low confidence

Do not use low-confidence autoscaled data for IRI
validation/verification
— ARTIST Flag #10 in SAO and SAO.XML
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Error vs Uncertainty

Error bars vs Uncertainty bounds

ERROR BAR UNCERTAINTY BOUNDS

* Error: difference between ARTIST ¢ Uncertainty: expected difference
value and the true value known between ARTIST value and
from manual scaling unknown true value

Error histograms can be built and The error bar from previous
used to derive the error bars statistical analysis is attributed to

ARTIST value as uncertainty
PRECISION bound -— '

* Repeating value in multiple takes

Uncertainty: expected difference between ARTIST value and unknown true value
The error bar from previous statistical analysis is attributed to ARTIST value as uncertainty bound |GF 2014
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Error Bar > Uncertainty Bounds

GAKONA, GAT762 2007.04.01 (091) 00:15:00 SI_
E F1 F2 C-level 11

For example, foF2:

— Manual vs. automatic
comparison produces the
ERROR BAR for foF2

— Then, when ARTIST scales a

new ionogram, foF2 value is
attributed the UNCERTAINTY
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Pruhonice DPS-4, 20675 ionograms (100%)

ARTIST 5 foF2 scaling, all records
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Automatic lonogram Classification

* Qualification is tailored to each digisonde station individually
 THREE CLASSES:

— Quiet ionosphere (no spread)
— Moderately disturbed ionosphere
— Heavily disturbed ionosphere

* TWO SUB-CLASSES in each class based on Autoscaling
Confidence Level (ACL)
— Confidently scaled ionograms (ACL=1)

— Not confidently scaled ionograms (ACL=C
* Only confident (ACL=1) records are se
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Quiet-Confident Category

ALL ARTIST 5 foF2 scaling, all records QC ARTIST 5 foF2 scaling, quiet and confident catego
30

Pruhonice DPS-4, 20675 ionograms (100%) Pruhonice DPS-4, 16712 ionogranll (81%)
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Typical ARTIST-5 Error Bars

Digisonde 4D, mid-latitude station

% ionograms with
perfect match to

Para manual value

Error bounds encompassing 95% of all cases (20)
High ARTIST confidence

MC | HC

QC

Quiet (23%)

Moderate (41%)

Heavy (23%)

-0.15 to +0.05 MHz

-0.25 to +0.25 MHz

-0.45 to +0.40 MHz

-0.05 to +0.10 MHz

-0.1 to +0.1 MHz

insufficient statistics

-0.30 to +0.05 MHz

-0.45 to +0.25 MHz

insufficient statistics
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Future Work

* ARTIST 5.1

— Baseline construction
— E-F transition area
— Clustering in spread F conditions

* ARTIST 6

— Attention-driven techniques
* Based on a model of expected traces
e Fitting a Jomt set of O, X, and 2 hop traces
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