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Abstract For monitoring the flight trajectory and the status of a launch vehicle, the
mission control system in NARO space center process data acquired from the ground
tracking system, which consists of two tracking radars, four telemetry stations, and one
electro—optical tracking system. Each tracking unit exhibits its own tracking error mainly
due to multi-path, clutter and radio refraction, and by utilizing only one among transmitted
informations, it is not possible to determine the actual vehicle trajectory.

This paper presents a way of generating flight trajectory via post-processing the data
received from the ground tracking system. The post-processing algorithm is divided into two
parts: compensation for atmosphere radio refraction and multi-sensor fusion, for which a
decentralized Kalman filter was adopted and implemented based on constant acceleration
model. Applications of the present scheme to real data resulted in the flight trajectory where
the tracking errors were minimized than done by any one sensor.

Key Words : Flight Trajectory, Post-processing, Multi-sensor Fusion, Radio Refraction

M E FEIEAA S AL YFTE TRE AFl wAE
9 o]} FE Adehs 2 WAAE 4 2
=3 W dHolH e §A2 o] Aesin =3,

dnadeerATd A4 A olF F dFTE AT Age HER Fo

Fdsa A4Ess, w44



Flight trajectory generation through post-processing of launch vehicle tracking data

dlolEE Aglste] As ¢cle] uist s #4  olojx HAS A =g Hig=d Byg 23
o] ©AIZE Yol o]Fofxjol sttt o]9} o] ] Mg AX AAHS fld AT g §F &
TN A #daI ARk dEL Fash 94 Fol gdiA restit Agadde] ALk Clark
o]t} s gt g o]Fojzon A+ xHe =4
AR AP R AA|~EE o] st U] ¥  Bean and Dutton WS, of&y 23S
S AEEketa A A et B4 s AlAa"log A W (saturation vapor pressure)< Goff-Queney "3
AR AE T8 $o] ANFHAAREAAN 53 5 d4ste] Alteth AN §F dagse
WA 9] $12] ARE doJE Moo At A% SUEE RS Al2E B e B4 7
3k S 98 HEEE 2H4oA HA, A =N 2] Qo] W

RN oz 2o f o= N ow
oo & x o @ W ogE rff 2 o2 oo f1 oM OR

e B octory RejectionOperator _ Prepared Operator

s S T E
A \ [morEmorA At | &5 8 cps 1 2 AP
s || e (]| 2R HE Rt [ | 1
1 | Rada Reference :
s ‘—IpLM IGNPSs IES;S Trajectory i I
kA SHERE ejection eratol ==
R (o ayans || feiontnsinel S | oo L 21 FHEE MR
[?AIHI‘.}JEIEE!I : x‘_gi‘lm L) E‘"ILH : )
o . kil : FFAE AGFAA 2GS FFEALA S] B 914
Hgﬁfﬁggﬁm :/FragmentArea) iz : I: _7—,:7(_‘}_7/]_ /B]—EHZé % 7:”.%_“8]-—‘:—: %1—?—% —}F—ﬁgt-ﬂ-tq, 3%—%
| : |g| F 7009 AswGAdeld o, uEAg 1o,
H =" = E
| EIIH%‘J’._' wamsn ! AAREFAH] A0S wiAste] &sta Uk
T R e Sy e e 1
[2-3]
<Fig. 1> Configuration of Post-processing Analysis AARB AN E E3] 4% QLM(Quick Look
System Message) HlolEloll= AAFHAA(GPS)oF ¥ d&dH
FEGAANS)OA FAlE FFEAA o] 92 Bt
= =2 A =) - > -,
RF A& alshs 22te] AGFANERE 54 gaguse) Agdn qela 2% bsdoie gu
R B = Foo wals _
AE el adles /ld S8 HES FFRL o) zane) g GRS ATHE AR
1 = = = = =
Aed B2 sz BeE, AR S0 G pe vaqoapt gu FAM0 BG ARH 2AE
T e ol ARFANZH] A SABE - g ag 5o 99 @46 AR 27)0R
sl shte] AFFAA AN ASH FAARE 7 2 9HSe Axa gk INSE ©ZuraE] ol
o] &M= FFEAA S A AAS MY T A Ee] 27 A7} AW JEEAS o] L3
5 0z} EAL = = - - -
We we A= geld o SAE AT V1T g e gxg Adse, Aoz aAE o) 43
o =2 8 A0 O S5 2 A o] Bk N - - -
of A HelHE a&HOR FYst] HH WA ave) wekn ms2 =48 GPSY gE] Be
[e) = =] - 5] = =
A4S F48= AAFH dags Mo a7-HT 3 AHEZ 9Ho L& glo] ST 2 9= FA ol
l1-2) AR, GAZE AR AR ARl els) 23t
= A= - \=4 S = =]
+ omwelde AR FARAAEEAA v Cage gae 13 g



Journal of the Korea Industrial Information Systems Research Vol. 19 No. 6, Dec. 2014

FAdolt= A A 45 A §-
FAE 2 AFFA L ZF 1S AAstg o, F
HAHHE  TSPI(Time, Space and
Information) FE|2 TALFAA| 2=8lo] AlF-shr}, 4
gdolgea AFste fAFEE SFEAA A
oF & glo] FAo] rbsstthe Aol AN, F4
Agle] Agte] Qlom Hup=d Fo JFo= Qs
GTFEAA L Holdas oA ARE B THA

4815441 (BOTS)
=44 o

SFWAA S FAARE PAEAA
:I.L

ol 3

[y
o

Aol FFEARA AXFHAE(Radar#l, Radar#2,
EOTS, INS, GPS)E #xw3k de3, oAy 59
s AH A AAE FAS L 7 AGFAHAI~
go g2 2AAEAR(Slaving Data) FEHE 92 AR
g Eujsle 71es g HALEA el B

T%E <Fig. 2> YERATHS]

HESEEEALY  HEE

FANSHAAAL  HOE
HIE]

EE
o | o o o o oo

TSP
" «Slaving Data
Hl0IE#2
5

<Fig. 2> Configuration of Mission Control System
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<Table 1> Performance Analysis using Elevation and
Azimuth Real Data

t Ho Ha | 2dAk
(Deg) | (Deg) | (Deg) (Deg)
Elevation
(GPS-Slaving) 0.0503 | 0.2551 | 9.3e-6 0.0515
Elevation - 5
(GPS-Fusion) 0.0053 | 0.0472 | 4.5e-6 0.0065
Azimuth
(GPS-Slaving) 0.0153 | 0.2734 | 1.0e-8 0.0132
Azimuth
(GPS-Fusion) 0.0091 | 0.0329 | 7.0e-6 0.0052
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