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Investigation of the vertical structure of the ispbere and
atmosphere at the heights 0 - 400 km by rag
occultation method in the communication lin
navigational satellite-low orbital satellite

Bistatic radiolocation of the earth’s surface

Investigation of the 3-D structure of the ionosghand
magnetosphere at the altitudes 90 km up to 20000 km in
the communication link LEO — GPS satellite




EXxisting radio holographic methods designed for
analysis of the radio occultation data

1. Method of focused synthetic apert(ifavelyevet al., 1998,
2002,2004Heckeet al.,1999)

2. Canonical transtormiCl) (Gorbunoy 2001)

3. Back prepagation methd&P) (Goerbunové: Gunvich, 1996;
Karayel& Hinson,, 1997)

4, Eullfspectrumi inversion methddensen et al., 2003)

5. Phiase matching methdeenmanet al., 2008, Jensen et al.;
20002

6L IVIEee el the Generalizedl opERLEEI @) (Pavelyevet aik;
2004)1 Viethees=barerime paiigl cases Gi®

7 Amplitdephase meneaioicentiicaien GiHlayered
Struciuresitiou & Pavelyey:2006):




Scheme of application of the diffractive integrals
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StrettorChu vector equations may be transformed to
the case of Inhomogeneous mediavelyevet al., 2004)
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Analysis showed, that in the case of sphericallynsgetric mediun the volume integra

E (A) describes changes of the wave vector because theswerse natre of
electromagnetic waves.




2-D RADIO HOLOGRAPHIC EQUATION




RHFSA method

The reference signek (t)=expliy (t)] should be developed to acquire
maximum: coherence with the RO signal. The funcyolt) is determined
from model ofi refractivity in the atmosphere andasphere. carbe
applied. lefziczisnl) etz 2000, 200dsed an exponential model ter describe
the refractivity. profile ofi the atmosphere to detern the tempral
dependence of, (t) and obtained a spatial vertical resolutions of abaut
m. They applied the Foeuner transform to the proooicthe RO ad

[eierence signails te) obtain the compressed angulansmaiip(m) of the
ROIsignal:

W(p(Ww)= di 71, 1) expily, (Iexp(int)
0) (o) =5/ 15 [E=231
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Revealing the reflection from the sea surface fraia df MicreLab-1 (right)
and MIRGEO (left)(Pavelyewet al., 1996, 2004). Investigation by RHFSA
method the reflected signal with global coverageyerleet al., 2002,
CHAMP).

SINGLE BEAM PROPAGATION IN THE MULTIBEAM PROPAGATION IN ATMOSPHERE|

GPS/MET Event 0392
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Figure 2. Radio brightness distribution in the Earth’s atmosphere as seen from the LEO satellite.
(a) Mesosphere, single-beam propagation, and a vertical resolution of about 70 m. (b—d) Signal that
has been reflected from the sea and is well resolved relative to the main beam in the troposphere.

The time interval between successive plots was about 0.48 s, Comparing the position of the
reflected signal in neighboring plots shows the motion of the main beam.
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Vertical gradients of the electron density retreétvem radioholographic analysis of GPS/ME
RO data by use of reference signal




E(y,z) = duA(u) exp{ik[F(uy y 2-F ( 1}

F(uy 2= 2\/1——13+ yu u:sina,\/rlf: COR
E(p)=1(p)E(y,2)= dhB{) explk pf (7)-d(7)] }{7 )
|1(/7)=% dsexpCikn9E M 9, & 3]

f(h)=g+sin*h,d(h) =2z, cosg+ sift h }y sing+ sid h
d(h) =(z,- z)cosg+ sin*h ¥ y sing+ sin /

f(h) =sin(g +sin* )
B(A) =1



Classificaiion of racdio nolograpnic rmeinods
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Connection between the amplitude and eikonal in RO

measurements

(Liou and Pavelyev, GRL, 2006; Pavelyev et al., J&BQ7). The eikonal acceleration has
the same importance for RO data analysis as theplPofrequency. It allows one to
recalculate the phase data to the refractive adteonu This connection opens the
independent way to estimate absorption from rdtih® refraction attenuations found from

the amplitude and phase data.
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Cornparison of the refracilve atienuzaiions Aa andreideved forn
the FORMOSATS amplitude and phase RO data (neutrzl
atrnospnere and lower lonospnere). Tre antsrarplitude diagrarr)
influence Is seen clearly in the iniensity data.



Evidence of a moJorJerJr origin of the phase and dguel varizions in RO

~

signzl. Cornparison of tne refraction euemue |t =) rI/<cl, calculated frorn the
FORMOSATES pnase (curve 1) and arnplitucde (curve 2) data. tRinel,

“/

Displacemenb of tne tangent 0olnk
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Comparison of the refractive attenuatiodp and Aa calculated frorm the CHAMP
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(rlJr\/e l) cllg rJ ohase ,lera a;t GP
determination distance D frorm ray perig

altitucle profiles of electron density and its vert

a



A possibility to rmeasur
and pnase parts
clescripe attenual

sorption of radio waves ayparisorof the amplitucle
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ns outained from tne armplitude @uase datarespecively,
Curves 3 ﬁrmlzl]ncﬂcakatheoreﬂced(jepermkﬂwceﬁrﬁehe_EmMyw ttenuation with
a0sorption and refraction attenuation, correspayldin

tne GHDS raduograms (e.q., two evenis). Curves 1 and 2



Lefi: curves 1L and 2 descrine experimental and riiaal aliilcs
dependence of absorpiion, respecilvely. Rignt: asirl and 2 dicai:

experimental dependence of refraciion  atienuatieicuEzied  fror
arnplitucde and pnase data. Curves 3 dernonsiratezinizo depedenc
f

tne refraciion aiienuation and apsorotion.
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Curves 1- 5 Indic
arnplitucle and phnase
integral absorption. Cury
attenuation and integral 2
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Radicimage of internal waves, Note a breaxing effecice4s k)



Theoretical relationships

—-2_ W _N° 1-M/N2
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GW polarization relations Relative amplitude threshold

PRI

C-u - GW dispersion relation

ud »%JT%‘)(:L_ fZ/VVo_)-llz

IGW identification criterion
O<a<1
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Thank you for your attention!



