INTERNATIONAL ATOMIC ENERGY AGENCY
‘ﬁ ’ UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION m

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS
1.CTP, P.O. BOX 586, 14100 TRIESTE, ITALY, CauLe: CENTRATOM TRIESTE

IN REPLY FLEASL REVER TO

SMR.380/26

COLLEGE ON THEORETICAL AND EXPERIMENTAL RADIOPROPAGATION
SCIENCE

6 - 24 February 1989

IONOSPHERIC INFORMATICS - PART LI

T.L. GULYAEVA

USSR Academy of Sciences, IZMIRAN. Troltsk. USSR



IONOSPHEERIC INFORMATICS. 2, PROMLEMS OF EXPERT SYS1TEM

7,L. Gulymewa and L.Z, Sisova

Institute of Terrestrial Magnetiss, Iouosphers and Badic Wawe Fropagation,
USSR dcademy of Scisaces, 142092, Troitsk, Moscow Hegioa, U.Z.S.R.
“If one kpows wbat is it to search -
then what for to seek?
But if cue is mot aware of it -
bow one finds out a wayr "
Ancient wisdom.

ABSTRACT

Charsctaristic fentures of expert systems in the field of artificial inteiligence
sre hriefly discussed. Review of principal techniques for gethering informaticn on the
ionosphere and the parsmeters obtained is presented. Two main parts in ths expert
system on ionospharic informatics are pointed out: a background or regular model des-
cription of structure of the quiet ionospbere and inbomogensitles specific for wari-
ability of the jonosphere, Exsaples of interrelated warisatjons of the ionospberic pa-
remsters in tke conjugats sones of the opposite kartih's hemispheres, related iomo-
spberic and magnetic disturbances at the different glotal regions and times, during
epoch of minimum solar sctivity, diurnal, wonthly, apnual and the cycle of solar
activity are given.

INTRODUCTION

While in the subject area of the icnospheric research the coaputerized methods
and systems for disgnostics, modelling sad prediction of the state of the ionosphere
bave been developed, in the field of artificial intelligence there appsared .. & set
of othar fields sxpert systems on medical diagnostics, chemistry, sgmbolic mathe-
matics, cperational systems for computer meragsment, and so forth /1/. Principal
features of such systems is the imowledge-base. (ne of the most urgent need thare is to
trapsform - avallable human's knowlsdge into computer-sccessible form /2/. In so
doing the knowledge is included into the systems copying and further implementing
automatically the human's lmowledge.

Acoumulstion, coding and interchange of much lknowledge allowa in dus course
to pose problems for the knowlsdgs-tmsed systens to sxtract new imowledge from the
sxperience a posteriori, For szample, currently personal tasks on approbation, testing
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and campsrison with other dats, updating the modelling and forecasting systems and
their implementation in the more involved radio-technique systams fulfilled by a
san, could be graduslly made by Ao sxpert system on the ioncapheric informatics.
Some elements of realisable artificial intelligence bave besn employed im the
diagnostic lonospharic sysisms for ocontrol of operation of digital ionosondss
using programsable choice of the optimm times of the soundimg baped on results of
current observations /3,4/.

Implementation of expert systems fuces the problems of mmmaging the great
volumes of information whils the most urgeat need for their wmploying refers to
the fields such as the ionospheric inforsatics where the role of heuristic rules
and knowladge is predoainant since tharein it is not feasible to forwuiate emctly
& probles or the way to its scluticn or when the probles posed ocannct be solved by
pure formal approaches. We shall look at tha specific tasks which could be encomte-
red by & special expert aystem on fonospberic informetics but firet of all we will
point out some general features of different szpert myatems.

FEATURES OF AVAILABLE EXPERT SYSTEMS

The formalised knowledge implyes (1) a declarative part, (2) procedurss, and
reasoning. The firet Imowledge involwe descriptions as well as relations betwesm
thess subjects, in example of sich infornation is empirical lonospheric models such

a8 IRI /5/. In dewsloping and using of expert sywteme the heuristic knowledge
can be sncountered at the following stages:
(1) options provided by sz sxpert systes
(2) option made by » user
(3) knowledge acquisition from an expert
(4) snterection of engineer-interpretator with expert in the field.

Block-diagrem of interecticn of an expert system with outer world is given
in Pigure 1 /6/. Here are presented: 1 — expert system involving thres sub-sysiems:
procedures, declsrations and reascning knowledge as well as control progrem-menitor;
2 = users of expart systes; 3 - field of implementation of expert system; 4 - engih-
nesr-intsrpretator for knowledge acquisition - progremmer familiar with langudge of
knowledge presentation; 5 — szpert-specialist in the present scientific field
wh could ignore details of expert systea building and ite language in computar;
6 -~ data base used by the expert system; 7 ~ progrem-verificat for isprovement,
modifications, updating the knowledge tase responding to errors in the expert
syeten and reacting bteckwerd with the expert-person.
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Fig. 1 . EHock~ddagran of Expert System

Principal classes of applioation of Knowledge kngineering.

Type Problems addressed

Interpretation : Deecription inference, data directed

Prediction : Expectation-driven reasoning, situations directed

Disgnostics : Default procedurss (in natural and artificial aystem), data directed
Projecting + Configumtion inference, cbjects limited

Planning : Scheduling of actions

Monitoring : Comparison of observations with plan's critical pointe

Refining ! Recommendations inference to overcome mischieves

Repair : kxecution of recommendastion according to plan

Learning : Disgmostics, refineaent and correction of student's (user's) bebaviour
Centrol t Interpretation, repair, prediction and monitoring of systes behaviour
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The second type of knowledge - procedures - defines operstions which have
to be indertakem in the process of solving the problem or sxpectation-driven reaso-
ning. Procedural or technological knowledge involve methods to solve the jreblens,
procedurss for information processing, inferential rules, i.s. succession of actions
tc be undertaken apd goal-directed reasoning, Ths knawledge-based sxpert aystem
proceases solving the problam eithar by input data-directed ressoning or by expects-
tion-resscning. In particular, the disgnostic syatema for lving the inverss problems
of radio sounding the ioncsphere and determinative (theoretioal) models sarves as
procedurel knowledge.

The third specific type of imowledge involved in expert syntams is femsibility
of explapation of its actions by indiceting methods used by the program, intermctive
quiring of user to understand his intentions by computer, information on the errors.
de & component of the large distributed networiae of the data bsses and the base of
knowledge, an expert system is capable of mastering the great fluxes of information
which cannot be affordsd by a man-capert. 4s & result of such activity, at the output
of an expsrt system such solutions and recommendations could appear which would be
cumbsrscme or unacceptabls to & wen-uner so one would need an sxplanstory informatiocn.
The most appropriate form of conversstion of & system vith & ussr is “menu” proposed
by the system as indication of options one of which should be pointed out by user as
his response to the query of system. Lesrning of the aystem is tased on broadening
the bamse of inowledge as well am oo keeping in the computer memory of the user’s
questions and of syatem's answers to these, classification of users by a level of
complexity of their questions and prowotion of users to & higher level according to
their higher qualifioation {lsarning), etc, Operetion of a system is supported by
the real time providing all necessary inforsation through the "blackboard” snd its
currsnt updating.

The principal types of the expert systemm are listed in Table 1 /1/ momt of
these being relevant as a specific expert system on ionospheric informatice.

Optimuz approaches to decision-making and lucky kmowledge pressuiation ocould greatly
enhance ability of an sxpert symtem to an effective and worlable operation in
solving the problems in tkis particular field.



SPECIFICATION OF PARAMEEHS AND RECIQNS TH 1HE IGHOSPHERIC INFORMATICS

There have besn many attempts in the ionospberic ressarch io introduce a
clageifioation frua a particular point of view for the principal techniques sad
goals of & development of this ecieatific field /7-10/. For instance, in Table 2 /7/
are preseatsd classificatios of the electromsgnetic techiques and observing parm-
soters in the ionospherio ressarvh with those separsted into two objectives: measu-
rements for the scimtific evestusl studies and monitoring (routine} obssrvations.

2able 2. Primary classification of electromagnetic probes of the ionospbere.

Heights Measure Mouitor

Below 70 km Long waves

Partial reflection
70 - 100 km Cround-beesd scunder: Ne(h) Riometer (absorption)
Crosa-nodulation: Me{k}, Ven(h)
Pertial reflection: Ne(h), Ven(n)
Rocketa: Ne(n), Ni{n), Nn{B),

To(k), Ti(k), Mih)

long waves
Bottomside wvertioal-incidence
and oblique sounding

Lidar

Above 100 km Hottomaide soundar: He(h)
Topside sounder: Me(h), Io(h.),
re(b,), Ti(b), ni(h,), B (ny)
Rockets: Ne(h), Ni(h), ¥n(b), Riomster {«osorption)

Tu(n), Ti{b), m(n) Atmospherice
Incohsrent scatter: he{h), Te(k), Ti{h), Faraday {ictal electron
ion composition, v, Vip, Vii, E

Bottomside vertical-incidence
apd oblique dounding
Topeide sounder

content)
In-pitu satellite obesrvations: Ie(hn), Scintillations
wi(b ), un(n ), Te(n), ?1(s ), m(b,), b )

Here M is the density, T — temperature, V- collimion frequency, b - height above
the Earth, h s~ the patéllite height, b - energy of photoelectrons, ¥ — the
drift velocity, B - the gecsdguetic field; subscipts e, i, n represent electrons,
ions and neutrals; e.g. im(h) is the electron-peutyal collision frequency as &
function of height, and Te(h,) is the electron tempermture at the saiellite height.
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The results of the different mespuring techniques prove to be dependent on
many factors. Thus, the long wave meaeurements on rockets, stmospherice and Fareday
obgervations depend on tnw wave propagation through the medla. Ricmeter's resulis

- integreted sbeorption, partial reflection, crose-nodulation depand on radio waves

absorption. Naturel resonances produce a sophisticated pattern at the topmide and
bottomside sounding. Scattering properties of the medium affect the incohareant
scatter results {ionised medium) and lidar {neutrel mediwm). Intersctionsof in situ
probe and the medium affect the results obtsined with rocksts and satellites.
Specific for the ionospheric research is that the objest of study - the jono-
sphers - and the agent to study - the radic techniques ~ ars sutuslly affected ocos
upon another. The relative percentage distribution of radie frequancies used in

¥ig. 2. Percentage distribution of the
apnual studies at different ranges of
frequencies used in the ionospberic in-
formatice with radio techniques and
optical obeervations: 1 - 1957, 2 -
1964, 3 - 1971, 4 - 1978, 5 - 1985,

6 - 1966,

the ionospheric ressarch during six years
melected since Interoaticusi Geophymical
Year (1 - 1957, 2 - 1964, 3 - 1971, 4 -
1978, 5 - 1986, 6 ~ 1986) according to the
review of publioationa /11/ is yresented

in Figure 2. Gne can see that prioritisa
during this 30-years period have beem givan
to studies using iF redio frequencies of

3 to 30 Wiz which however graduslly decrease
1 dus course as compared with otber fre-
quencies used during the years 1 = 6 ahove,
the sams is wlid concerning optical obser-
vations at 3°10° to 6°10° MEis renge,
contritution of the low frequency bamd of
0 to 1 HH: and that above the main P region
peak at 30 to 3'10" hls is gredumlly in-
creasing owing to progress in power radio
frequeacies techniques and optical ground
pased end satellite-borne studies.

Detailed specification of methods, paremeters and gosals in the ionospheric

informatics imcluding 60-grids scale of the ramifications in the ionosphere and ita

interrelations with other components of golar-terrestrial physics is given in /1.0/.

As &0 example the spatial characteristica of the iocnosphere are shown in Figure 3

where three latitudinal sones with different physeical nroperties are indicated:

equatorial, mid-latitudinal and polar regions as well aa the natural bounds between
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thess - an equatorisl anomaly and the main ionospheric trough. A lot of atteation has
been given in the literature both to developme;t of these zonal models and to their
boundsry regions, and a certain amount of
—-— muccese bas been reached in their sunthesis
into glotal jonosjleric models /5/. One more
important feature of the ;lolal ianoephare
structure and particularly of ite dynamics
ia dus to the belt of the sclar terminstor
—-— inducing meny disturbances at the night/
day boundary,
Determining the goals of an sxpert

syatem on iocnospheric informatics to provide
a convenient numerioal description of the

ionospheric conditions based op available

Fig. 3. The F region pesk height in the
Sun-oriented system of coordinates
(night area batched). Cl - polar sons,

€2 - middle latitudes, C3 - low lati-
tudes and equator, C4 - main iopospheric observations /10, 12/, we will separate
trough, C5 - squatorial snomaly, C6 - this description on & regular background
solar terminator. Heightet Zp - dajeide, model representation such sa /5/ - the Inter-
2y - nighteide, Z- the solar terminator. aational Reference lomosphare, snd warience
of the ionospheric parameters of different

time—scales 13/,
To facilitate an efficiency of such a system it is important to take sccount of

interrelations of the fanosphers with nejlouring adjacent aercncaical reglons some
aspects of which will be considered below,

IETERREIATIONS OF SPATIAL CRARACTEHISTICS OF THE ICNOSPHERE

Structure of the ionosphere is "frosen” into orientation of ihe Earth's magnetic
Tisld, With dus account of the nsutral aimosphers structure and illuminating the upper

atmospbere by sunlight schedule of an expert system on ionospheric informatics must
be ready to reepond to requests of users on the whole set of the ionospheric and outer
controlling parameters, to distinguish between a quiet and disturbed conditions and

to provide disgnostice of a sourve of occuring or predictable disturbance.
Regular re-structure of the ionosphere occurs twice a day with passing the solar

terwminator. In the region of the molar n.i.ght/dly terminator a large tempersture gradi-
ent is created at the Earth's surface which due to the heat exchange betwean the ground

and the atmosphere induces an inhomogeneity in the latter, With the planet rotation
the inhomogeneity moves with great speed exceeding the supermonic velocity at the
latitudes from the equator to + 40®. is & Tesult, aimospheric gravity waves are pro-
duced those being a mource of mixing the atmospuere during their upward propegmtion.
/14/. Some features of the ionospheric characteristics at sunrise depending on condi-

MEIGHT/km  TIME/h FREQUENCY/MHz

Fig. 4. Daily variations of the dawn minimm of the F2 layer critical frequancy foF2
(top mection), the time of its occurrence LT and the true height parameters Zarz, Z,

.5
and Z,F {bottom section) derived from the icnograme at Karegands during 1966 at sclar

Nindw.

tHons of illumination at conjugete ionosphere ia illustrated in Pigure 4. Bere the snnual
variation of the dawn minimum of the P2 layer eritical frequency, times of its ocourrence
at Karegands |see coordinates in Table 3) and the F2 layer peak height snd sab-peak two
characteristic beights above the valley are given, Sunrise at the ground {solar zeaith
angle [=90%) and at the atmosphers altitude of 300 km { [=107%) are shown at the poiat
of observaticn at Karegandm {solid lines), at magnetically-conjugsts point of geographic
coordinates 32,3*S, Bl.4°E (dotted lines) and the geographioally opposite looation
serguelen — gsee Table 3 (dashed linea)., The obtearved dawn foP2 minimum and its times are
sesn to be affected by anmual illuwmination both at the point of obssrvation and at the
conjugate points according to gremter illuminating in summer at dif:ierent monti®at the
oppoaite hemispheres. Dally wariability or the iocnospheric parameters typical for tha
dawn transitionsl conditions are also evidemt /14, 15/.

Effects of interrelated phenomena of the ionospheric scintillations and P-spread
accompanying by apall-pcale inhomogeneities in the magmetiocally-oonjugste zones of the
Weatern hemisphere arc studied in /15/. Similar effects of the vertical motions of the
large-scale inhomogeneities in the magnetically-conjugete zonee (of Northern hemisphere)
during the total solar edlipsse and chemioal srtificial modifications of the ionosphere
at the Southern hemisphere are discussed in f1G/. These results and other studies of the
same oonjugate effects indicate a possibility to use in an expsrt system of & strutegy
of the Temote sensing of the state of ionosphere at one hewisphere using observations
at opposite hesiephere, Such results help also to improve pardueters of tasic iomompheris



modsls at the sones where natwork of the ionosandes is sparse (such as the oceans
squatories) using synoptic models of opposits hemisphers /17/. Another optiem in & omse
of missed measuremsnts in sams reglons of the globml ionosphers oan be implsssmtation
of theoretiosl models /12/.

VARIABILITY OF TH: I(MOSPHERR OF DIFVENENT TINE SCALES

Aasociation of the equatorial ioposphere with the solar wind apd magnetosphere
intersotions is trecked through auroral latitudes /15/. These are illustreted by re-
levant disturtenses of the magnetic field registersd st magnetogress of aeridiomsl
chain of the staticns. Charecteristic disturbances could be treced also with the data
of chain of the lopospheric staticns, Thus for the megnetic-ionospherio storm on 8-9
Fetorusry 1986 amplitmde of the diuwrnal variatioas of the ¥2 laysr critical freguency
is shown in Mgure 5 for ssven icooasphsric stations listed im Table 3. Except for one
station located at the magnetic equator (Mmmila} synchronous decreasing of the amplitude
paranster has been observed at all otber simtions.

‘L{'E" Table 3, Ionospheric siations desoted in
the Pigures.
Station Iatitude longitude
geographic

(1} Nanchouli 49.6 1uT.4

(2) mnoila 14,7 121,1

(3} vanimo - 2,7 141.3

(4) Towvnsville -19.6 146.8

(5) Canberm -35.3 149.0

(6) Hobart -42.9 147.7

FEBRUARY, 1yc6 (1) Kerguelen -49.3 70,5

Fig. 5. variations of the diurnal (8} Moscow 55.5 7.3
amplitude of the F2 layer critical (9) XKiev 50,5 30.5
frequenciea during the sagnetic- {10) ¥aregenda 49,8 73.1
ionospheric etorm on 6-3 Pebruary (11) Bekasceaba 46.7 21.2
1986 from tha dats of chain of the (12) Alma-ita 43.2 76.9

ionospheric stations.
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Amplitude of the diurnal variations is energetic charecteriatic of the ionosphere,
The paressters of solar activity such as the sunspot nusber and the radio emission flux
(Covington index) are given anly oace a day eo the diurnal amplituds of the iomospberic
paransterw appsars to be a convenlsnt index of the ioooepheric activity /19/ along with
other awailable indsces /20/, Yor instance, diurnal agplituds of the total electrom

content variations during minimm solar sotivity at Alss-ita reveslsd semi-Aooual wri-
ation as well as & period of Z}-days variability from Jaredsy rotation cbserwations /19/.

The similar approach has been applisd to an sversged by Z7-daye sliding ®edisa
of the smplitude of the diurnal wariation of the F2 layer critioal frequency, ifoF2,
observed at & set of the ioncspheric stations in the bottom part of Table 35 for the
sane yeirs of solar ainimum 1955-1987. The resulis given in Pigurs & testify that an
annual variation of this paremster differs with latitude while semi-4nnual wariation is
svident only at Alma-ata alike the total slsctron content results s19/. For a comparissu
the dashed lines are glwven to illustrets relewent variation of AfoF2 duwring previous
minimwm of solar activity 1y63-14y65 which bemically is similar to the waristions at the
recent ysars. Tha epoch of solar minima of a sssll ionising solar emission produces the
migimm walues of slactron concentration in the ionosphere so the drop of the dlurnal
amplitude of the critioal frequency from winter to summer is about 1 Mis.

ALR2 - 1953 o 135k -- 196

b S W L ~
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Pig. 6. Smoothed suoual variation of the diumal Aaplitudes of the F2 layer
critical frequeacies after 27-deye running avereging during two epochs of
the solar activity minimum. K0 -#oscow, KV - Kiev, Hi- Bekescsabs, a&d - Alna-dta.

The more so during the epoch of solar miniaum the more prounounced become any
variations of the ionospheric paremeters as compared with their background values
which allows us to illusirete s degree of wariability of the ionosphers. To this end
difference between daily amplitude of the diurnal variation AfoF2 and the 27-days
running aversge of those walues has been calculated. Them the most active pariods
have been defined as the days with the above difference more than 205 snd 4% /21/.
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Fig. 7. Diagran of the lomospheric and geomagnetic Pig, B. Percentage deviations of
activitiss during epoch of solar minimum. The day positive and negative wariability
mmber during sach mgnth when smpiitude of daily of the P2 layer critioal frequancy
F2 layer critical frequemcy sxcesds by 20K or by at Noscow aversged for 1976-1365.
40% (black) the moothed values at Nosoow (M0) and  Iawn and dusk times oorrespond to
Bekescasta (Bk). Bottom esotion - monthly-mean the solar zenith angle within 908
indlxl"ﬁuth.mtigmlltm. to 108°,

Total monthly mumber of such days for two epochs of the solar minimus from the ionogrems
at hoacow and Bekesceaba is shown in the diagrem of Figurs 7. Alec monthly-mean charmc-

teristic of the magnetic activity evaluated from the magnetogress st Moscow using marimm
dayly k-index averaged for a month is given in the bottom of Pigure 7. (us can ses the
character of wariability of the magnetio and ionospheric data to be the same /22/ for the
spochs selocted, Rather large magnetic snd iomospheric disturbance is obwerved during the

latest minimum of solar activity which may be attributed either to long-term secular wari-

ations of the above parameters or reflect global change of thoss /23-25/. lote that sbout
one third days pf every month undergves deviations from the bacikground valuss more than by
20% of the dayly amplitude of the P2 layer critical frequancy which testifies that such
disturbances should be accounted for by an expert system on ionospheric informatics.
Percentage valuss of the positive U’_,_) and negative (P_} disturbancew of the F2
layer critical frequancy at Hoscow averaged for every month of the lateat cycle of solar

activity 1976-1465 is presented in Pigure 8 /27/, for the times of dawn, day, dusk, night

and dayly-averaged. Variubility of the ionosphere is dominant during nighttime and dawn,
the lese ~ for the sumser when the P region heights are illuminated during <4 hours.
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All ths above factors with a certain measure of probability should be foreseen in the
algorithm of an expert system on jonospharic informatics.

CONCLUSIMN

Ability of an expert sysiem to goal-directing, adaptation, self-improvesent and
shaping new feathres of an object is deterwived by availsbility inmide the system of
information modsl of medis and & description on its cwn scoommt ~ i.s. reflection and

self-reflection /27/. In this respect an experi system should imvolve not ouly data
(data bess) and the Sfonosphare model but also the knowlsdge-base om the fonosphere

capatle of intslligent activity in assistance to sxperts-specislists on the icnospberic
informstios, Using expsrience gminsd in development of the real-time systems of anmalysis
of axperimentsal data the fomospheric inforwstice could gradually move to obtaining
knowledge on the ionosphers in real time as it is slready pointed out in some aspects
with development of ths ionospheric models of second generstion whare part of crestive
modalling efforts is proposed to introduce as sub-progrems into the very modsl system
/&/. i wall as development of the ionospheric models proved to be helpful for
building up requirements to the dats bteses and promotion of new expsriments amd
upgrading techniques of data analysis, so the developmeni of ap axpart system on the
ionospheric informatice would stimulate progress in ayatems on diagnostics, modelling
apd prediction of state of the jonosphere.

It would be no wonder that different specific expert systea could ariee in the

ioncephere research as it have bappen in other bhranchee of this subject of study.
Thers have already appsarsd reports on a first experience of the kind 712/. In due

course of development of eypert aystem ons could expect thair predoainant role in the
ionospheric informatics.
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