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An Algorithm for Retrieving Ionospheric Electron
Density from Far Ultraviolet Remote Sensing Based on
Maximum Likelihood Estimation

FENG Taojun YU Qian  ZHANG Kai

(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094)

Abstract The OI 135.6 nm nighttime emission is dominantly produced by radiative recombination of
O" ions and electrons. Many previous space-based Far Ultraviolet (FUV) remote sensing experiments
have demonstrated that OI 135.6 nm nighttime intensity can be used to infer the ionospheric F region

electron density. This paper firstly presents a forward model specifying the nonlinear relationship be-
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tween electron density and 135.6 nm nightglow intensity. Then, we develop an algorithm to infer the al-

titude profile of electron density from the nighttime 135.6 nm limb intensity measurements using Dis-

crete Inverse Theory (DIT). The algorithm applies maximum likelihood method to iteratively seek the

most probable values of the ionospheric parameters. The viability of this algorithm is verified through

performing the simulation of the synthetic 135.6 nm limb observation data generated from forward mo-

del using the TIMED/GUVI limb scan configuration. Finally, we invert the realistic GUVI limb observa-

tion measurements and obtain the retrieved Electron Density Profile (EDP). The comparison between

retrieved ionospheric parameters and GUVI products suggests that the forward model tends to overesti-

mate the N, F, and underestimate the h,F,. The systematic error is within 10% for N,F, and 5% for

hnFo for different level of solar activity. Determining ionosphere electron density with high precision

could help improve the ionospheric model and forecast the space weather.
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Fig. 2

(a) Electron density altitude profiles and (b) 135.6 nm radiation intensity against tangent height of line of

sight corresponding to the ten retrieved solutions, mean of solutions, true values of ionospheric parameters.
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(Different curve represents different inversion run.

Variation of x? with number of iterations

Each inversion run is different in both

iteration initial value and added errors)
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(a) Electron density altitude profiles and (b) 135.6 nm radiation intensity against tangent height of line of

sight corresponding to the one hundred retrieved solutions, mean of solutions, true values of ionospheric

parameters (Each inversion run is different in both iteration initial value and added errors)

40
[1x10° cm 3, 300 km, 50 km] +0.1

o
(=)
T

hwF, difference / (%)
S

|
[
o
T

_40 1 1 1 ]
=40 -20 0 20 40
NnF> difference / (%)
Bl 6 =FUASm N SO T Ny Fy A by o S
A IR ZEXT [
Percentage difference of N, Fs and h, Fs

for three responsivity levels

Fig. 6

[Fi] Py b, 57 ¥ RN AP (), 326 B 2002 4F 7 H 20 H Al
2007 4 10 H 4 H B )G W EdE, KA Fio 7 5
J1R 190.7 F 67.4, 13 T R HEERCK LR, & 7
BT 7R B9 43 51 & 2002 4F 7 H 20 H A1 2007 4F 10 A
4 H GUVT Iifi sy WL fz 388 25 B s ol . 2146 “+7 5
F7r GUVI L3 Bl S (At iy By #i ) o %5 B2 = B 404
(EDP), &~ [A] 35 9 GUVI EDP A4 T 23 45
FEAL L5 B2, 23 AR BE S A SCRI G 1 45 JZ L B )2
HUL R B TR Ee s, B R Eshn T A R
AT 1 [ By B 2 AR TRI2016 1 EDP Kt +

IRI2016 )5 B 2 3 #53 #] iY) EDP., GUVI 2% %
HSF) EDP B4R 5 TRI2016 #E A7 7E 22 5%, (HAE
250 km LA I 5 GUVI%t# ) EDP 19 43 1ii JE AR —
;. BN, BT IRI2016 #4555 5 5 21 18 45 1 78
200~450 km JL-F-5 TRI2016 ()i T JE B4, AEifE
WA BRI S EL N Fo F by, Fy B TR T8
AU R %85 B 1Y S BE 3 A 455 Chapman pREL, 55
BRI 2% B R AR 2 5 Chapman PREL—2C, KR 51
SETEVEE S B R 7, BB 200 km DL AAFERCR
(14 ST 158 25, 7 I () A TR v Y 9 38 R - 28 B LS
MR SR e TR B S 2 —

SR PP E 5 R RO {1 s A AR 1Y g T
BE, N AR B NoFo, haFy 5 GUVI A 9
NonFo, by By AT T HOE /00T . X B, GUVI 4l 1y
N Fy Fl by Fy 435148 GUVI EDP Hfie KL 1%
JE e H A . & 8(a) (b) 45 T 2002 4F 7 H
20 H UL [ 8 3RAR ) Ny Fy, by Fy 5 GUVI s
() NopFo, hy Foy FURAERLG . 2002 4F & T K FHIE 2l
A, N [A X FE 2002 4 7 H 20 H ARG N, Fy KAE
IIAETE 0.3~2.3%x10° cm *. 7EIK 8(a) 1, Ny Fy Kt
MEEREERSHLMM, HAaDEOL B
B NG P LG B RN RN 112, R &A1
NoFy B2 —I7HER T 3.2 5 M7 (A A e 75 5 5k
IBERLIR ZE 4D, 75— 7 TN 2 i [ A58 rp 200 1 A
it 135.6 nm BRI ORI N AR B A Rl



BLAE F AT RAXMAEZ %

Shik BRI B AT R Ak

1107

*x1 3IMWNEBRINRERE (%) BB
Table 1  Comparison of the retrieved errors (%) of three responsivity cases
0.1 1 10
Tonospheric parameter
max min RMS max min RMS max min RMS
NuF 39.98 0.48 12.04 23.28 0.04 6.33 5.19 0.05 1.85
h Fy 32.94 0.01 7.89 9.46 0.03 2.48 2.90 0.01 0.85
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Fig. 7

Comparison among the typical inversion results from GUVI 135.6 nm observations, IRI2016 EDP,

GUVI EDP product and the inversion results from simulated data based on IRI2016 model on 20 July 2002 (a)
and 4 October 2007 (b) under the same condition
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