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An Upgraded Method for Reconstructing 3-Dimensional
Structure of Aurora from Stereo Images

Tetsuro YABU'*, Takehiko Aso', Takeshi HASHIMOTO', Minoru ABE!'
and Masaki EJIRI?

Abstract: We have been studying reconstruction of auroral 3-D luminous
structure from stereo images. We have used the model function method for this
problem. In this method, auroral structure is expressed by an appropriate function
with some parameters, which are determined by iterative calculations. The auroral
model assumes sheet-like luminosity structure with some prescribed thickness and
altitude distributions.

In this paper, we present an upgraded model function which can express an
aurora of more complicated structure. The upgraded model is expressed by the
product of a 2-D function which represents projections of an aurora along the
geomagnetic lines of force onto the horizontal plane and an altitude function along
the geomagnetic line of force. Using this model, curved aurora arcs and pulsating
auroras of irregular form can be more properly delineated. In this paper, we
analyze the aurora arc observed in Iceland and a pulsating aurora observed in
Antarctica. At the same time, we examine the appropriateness of the functional
form which expresses the altitude profile of the luminosity of aurora based on
theoretical prediction.
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Fig. 1. Coordinate system used in the text.
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Fig. 2. Lygson for auroral arc.

Tz, T— 7 DB TIRITOA Y AR ETHEO A ICKRIESE 5.
PED XS, 427V = b A —05%KT Ligion ZHKT 5797 £ — 5 BIROD=DIC
SHENh .
1) FROMIEEERT Y54 —%,
2) USRI > TOM B S ELERT YT 24— 2,
3) fED SENBIC LD > TOREOERE LT YT £ — 4,
Z LT, Luorizon ', ") ZHORICIR > TOHZ S 2R TEKETLE» SN S IC L
Do TOREAET HOMMOBEICL > TET.
Liorizon (x',y") =A(a) *B(B) .
A(a): FULERITI » TOW B S & LA K 4B
(HFULHERIZI » TOHZ SEALER T /YT A — S ICEDHERE N B)
a(x',y’): (x',y") ORI LB o duliR EofE % R 2 B
(P LRONBEART N5 A — 7 Ik DB EN B)
B(B): HlMED SBEN BIC L1z - TOMEE X TR
(PP SEENZIC LA > TORBEOEEVWERT /YT A — FIT X DK
ah3)
Bx',y): HLERE (x',y") DHiEEERY 2Bk
(PR E AR TS5 A — 2 ICKDIEREND)
OEHELEEE LT, HER cosp,x' +sinp, -y’ =p, THWMRE XL, FULERICH » TDOER3



A7 L AEHEER WA — o sROHEETFRIc> W T 237

SR—ETHY, FE»SHENZIC L0 ->THY RBMICHET 52 & 5 5T

Liorizon (x',y") 2R TS, RO LS I8 5,

meM&CyU:pyﬂp{Wg%k
B=cosp, x’+sinp,-y’—p,.

TITDNT A= 3R DAIEERET pupy TR~ TOHZ 2 KT py, BLU

FUMRD SEEN B I LD > TOREEES po Dit4BTHY, TO4FEDNFT X -4 T

Liorizon (x,9") ZHERKS 5.

RIZ, 74 7 2=t =0 5%KY Luggon DHEREICDWTHINE, 74 72 —-XAt -1
FiINy FIREL TV B EDMEL, RESTEERLBV., TIT, L & LTIRKS3
IRT EHIT (x,y) RIS FREHEEL, ZhEhoBF5H%E RoTDEI L I — | #
MIATHES PICHIBT 2L BHKEEZEZL S, £ L TEAL DK (ST OME% Lo 2T
BT A= ELTHD.

3 /\"ll/‘t’“—f‘{ ‘/771"‘135’5‘5—3- Lhorilon
Fig. 3. Lyg,0n fOr pulsating aurora.

3.4. Lauiee DHERL

C TR (x,p) Iif-> TOEEARDFENDI % KT B L (x',y",2) OHERX
FI>VW TN B,

*— a5 DEEARIDFEXDMIEA — 0 SEHHOREINLEATNE L TVEDT, ZORHK



238 B VTR0 - BRAERE « BBA I - LR RR - TTH e

200
s
<
W
8150
=
5
<
& 4 BANKS et al. (1974) DK 7z 557.7nm DF
100l st ol Hor
'25772\ EMISSION R‘A?TE (M3 s) 10 Fig. 4. Profiles of optical emission for 557.7nm
PER UNIT INCIDENT FLUX (CM™25™") given by BANKS et al. (1974).

ZOFLKXLAHEBEAH VS ZEAHE LV, SEAMOBEEE LT L § — - i
KD &S BHFOLOBERIE AR L1258, X5 4 — 9 DD —EICEE o -1 0,
FBERRRICIE T 2B NDDH 5.

BANKS et al. (1974) BFEFEDAF L 2 ¥ — DR FIck LT, #— 0 5 DRENHGHK 4
DEHICIE DT EEFBICL > TRDI, AR IOET, SEHEOFE % KT
ELTF v v 7= RIBIMEIRE L TE A, L0 EVENAET 37912, BANKS HAEHE
12 & > TRDOIFENSI LM T 2T KA EM T 5. BaNks O OFER AT 2 B
ELT, Fro 7= REMEEZELTCROAZROMBERET 3. Z OB,
BANKS 5 733K 1R/ RICHERL L D0, dulERE & EEIERMNTICEZ 5 2 AR S &
IR ->TED, 54 —=5 1 p,pupyps Dt 4HTH 5.

z2>2{DEE  exp [~77”2- {l—exp<~—g]~ H/S

'/)’Cf\':L/, = E:_é’)‘z.76

’ ’ P3
Lal!itude (X Y Z) -

z2<LDEE exp[{1—77~exp(—7])}{l—exp<%>}]/5

p L, g @016l

P4

C=f(x".y";pup2)
S:S Laltitude (x/yy,,Z)dr-
0

LRI %, expsq-chap RIDPBIF & FE3Z & 124 5. [X] 5a—c IZ BANKS O A53R 1- 54 4



27 LA iR AEH O A — o S IROHEE TikicH> 0T 239

100 N T T i T | [ T I T B
(a) 50 {
I -

ok L : L ]

100 120 140 160 180 200

L L A R & ]
60 - —
(b) 40 | -
20 ]
0 Lt Lo |
B 5 BANKS et al. (1974) DRtz 5No0 i (X 100 120 140 160 180 200
£ @ expsq-chap BUEL (FHE) LB
{tl. (a) 10keV, (b) SkeV, BXV (c) 2 LI B
keV. i
Fig. 5. Approximation of profiles by BANKS et <C>2O__
al. (1974) (thick line) by the expsq-chap- 10
type function (thin line) for (a) 10keV,
(b) 5keV, and (c) 2 keV monoenergetic ot TR E—
electrons. 100 120 140 160 180 200

Altitude (km)

DHE, Atz 2LF—H510,5, 2keV DEHICOWT, FiRd expsq-chap BBAETELI L
to A cd. AERDS BANKS SAGKRDI(ET, KRS expsq-chap BB THM LG TH 5.
BBURBIFROUSTEEINTWS & GA 5.

£ 72, expsq-chap MDA KB ICHRIS N A — 0 5 ZRBROAUTE S I & 2D
BB, KEIT, GEEAMOREMiEETBEEE Lo HBIERS VT L I —
b RERA A W L CROBIIROHEEE 1TV, &9 LR R #ih3 expsq-chap BB T
B TEAT EERT.

4. YE T EXE—FHICET 34— S IROHEE

ST, BEHIER-SHEHICBWT, A—0 5 0EENHOREMEET L — Ml
P A L CRIRHEE 21TV, 29 LTRDEEHRORE AR ERRL
expsq-chap IR & -» T TE B T EART., TER-FHERF HOBRKEON £ 5
i & T O(FED- S TRE A VETH D, BBRAE DB T EF - SHLTFEN
5.

B6x7A4 25 FT19914E 12 H 1 H 223433 iclilllshictA —o 57 — 7 DB T
$H2 BBCOBBICRNASFr ) TL—va YORERBIUOBEI ER-SHFEPEZA
FNTVWE, HATF U TL—va vORBIIKIAS, HRIAEHIC10° TEORELA
LTHY, VFNOEBICHE VTS AMDHIL, ARPSKEEELTVWS, BETE+R -5



240 B VI8« WERUZ « BBA [ Bl R e v IRk

Max:180/Min:50 Max:180/M1in:50
el223433.a3n h1223433.a3n

Efri-Brunna Husafell

6 TAXTYFTINHEI12 11123433 el st —ws7—2
Fig. 6. Auroral arc observed at 2234:33 on December 1, 1991 in Iceland.
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expression, (b) 3-D expression of lattice region of (a).
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Fig. 9. Auroral arc observed at 2234:33 on December 1, 1991 in Iceland as in
Fig. 6 and its reconstructed image.
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December 1, 1991 in Iceland. (a) Luminosity distribution at 105 km,
(b) three-dimentional expression of lattice region of (a), (c) vertical
profile, (d) 3-D expression of lattice region of (c).
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Fig. 11. Auroral arc observed at 2256:07 on December 1, 1991 in Iceland and its
reconstructed image.
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Fig. 12. Retrieved three-dimensional structure of auroral arc at 2256:07 on
December 1, 1991 in Iceland. Details are as in Fig. 10.
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Fig. 13. Pulsating aurora observed at 2344:58 on August 17, 1985 in Antarctica
and its reconstructed image.
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