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X(K+ 1) =d(K+1/K)+ X(K)+ G(K) » W(K) (1)
KENHE XK+ 1) FRARSBRENRE, 0K + 1/K) RABBER, W(K) £H
ERENERE, G(K) ERERNERK. HAWTIRES (K+ 1) FRFHEEKRGME
EEHHTE (K+ 1) REBIFTE,

BRITERHRERENER N 12 X | FRARER, £ RASYERRIE

DEIAN TERES BN LSS
X(K) =[P.(K),V.(K),P,(K),V,(K),P.(K),V.(K),

6,(K),6,(K),0,(K),6,(K),6,(K),6,(K)I” (2)
Rt RAEROE B8RA (OXYZ) EAEHL, OZ HiSiiEsS, OX ik M
ENHESEEE D, Rt P, P,, P, FIV., V,, V. REIEFREPOAERLE
RANEMIBYBR=EAEESE. 6,, 6, 0., 6., 0,, 6, BIRETDENESMM,
BEREESSER (opry) BAR,ABEEAAMBI=EAAEE, ETEMINL
RAEASESEFRZANAEREETESELSNREY, BTRERENER -1
12 X 1 &ERFRE, 1A H O(K) RZE—A 12 X 12 FaARIER, HTENESREL
BB TR A YL AERE, S B B BRI D MESH H OSBRI ERB. YIEERES
L AT UBEREMRET RS, KR H ¥ B HEAHA TRAER:
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Fig. 1 Coordinate System of Earth’ center oxyz Coordinate System of Attitude o,pry

F=xeity.i+ zk (4)
a7 BEDERBPOABMERNE, §, 1, £ DREBOLIRE (0XYZ) =A4IR
HPRAHE, 0o BEEZTHIERME, AT HE, T 3) 3% 3 MrEKh
2, x JaB, I H

i+ wix=0 (5)
ARBEBER oK+ 1/K) hf 4 M RN EZERA DT,
P, (K + 1/K) = cos[wo(tx + 1) /2] (6)
O (K + 1/K) =L « sin Luo(ix + 1/5x)] Q)
O, (K+ 1/K) = —wy» sin[w(tx + 1/2x)] (8)
®:,,(K + 1/K) = cos[wo(zx + 1/2x)] (9

BeAE T @ IR BIRR @ EM TR RTFI TR, Flin 0. REBESTE 1ITE 25
TFK. BHTRINTIRHRNEFF], E bR AN = BA Ko
FRE, NERE IR, A TRESH HEHE,
48| _do
dt | meers dt
it 6 RESREAAE, ERERM, B Wil BEKREZEAR/NG, AT EHE
BEXHE

+ @ X 8 (10)
Bh&ER

=0,0i,+ 67,46,k (11)
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K i, 7o, ke DBIREEEFR (Opry) EMMMRLAR, ATERIEER R
BRESZETHEHAEY DEV LI ESES, TUEEFEHNESREAES
AARE N HE RS, T TRETR

(k) = B(ex) + € » 6(2x) (12)
Hrbc AHEE, MAFERX (10) ALY 34 2 M E A&, AR RE T7ET
ERERXo

@, (K+ 1/K)=1 (13)
O, (K+ 1/K) = 1 (19
Ps(K+ 1/K) =1 (15)
@y o( K+ 1/K) = cos(ug* tx) (16)
Do, K+ 1/K) = 1g+ cos(wg e tx) (17)
@y (K + 1/K) = — sin (wy + 1x) (18)
@, (K + L/K) = —1x » sin (wy* tx) (19)
P01 K+ 1/K) = cos(wy = 1x) (20)
Do, (K+ 1/K) = —sin (wy » tx) 1)
@, o(K+ 1/K) = sin(wy » 1) (22)
@, 0(K A4 1/K) =15 * sin(wo» tx) (23)
&u(K+ 1/K) = cos(ewg = tx) L))
By.:{K+ 1/K) = 1x+ cos(wg» tx) (25)
Ppo(K + 1/K) = sin (wq+ 1x) (26)
D2.2(K+ 1/K) = cos(wq » 1) 27)

£ (K + 1/K) BT, BRT EEiETELSN, HEmEXH 0, ARMKRE « fZo
BHEEENE, EEARNWHESRREN, ANERESTER b EREEUNEE, U
KGR H I, KR EE AR ERAME, RITSEAMLERE D, N o(K+1/K) EREH
BB TR ETRERIR, K 5ERASHZ R (6] AR, D EHE KRS LEETEN
HER. K%, 5% (1) WERMMNEFFINAERE, ERE—" AR B (HEPK
), (K + 1/K) 5E AR BRNEE. RERERNETHNSERESEW NN DE
NES I ESSE AR DR ABERBRNIAERE AR SERMH R, EERE
MR —ANEERE LI ARTRXT 1 LR, BRBHBEENS K, hENBEFESIH
MR R BRI T BB R M b, 8 R — iR R e, A T RATAR KR KM
FEREX SPOT BHEL BT HI, HEX
(K4 1) —1(K) = 9.024 %,
WMREFHTE 5 S8 TM 2%, MR 26.72 £

2. MBHE
Z(K) = H(K) » X(K) + V(K) (28)
it H(K) AWM, V(K) BB, XTURES, B TRk,
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E[V(K)]=10

EIV(R) - VO] = RO - 8(K,D) oD =)0~ j (29)

Mk 6Ck,1) BRAERIMTR (Kroneter) Hilo HIZ (29) #R TRAENMEFR. TN
T 4IRS A T S A, TR 75 R R A R 5 B2 (29) o

B S BR o M T 2 AR 2 B R s B IS S AR RO R M AR , BB B Rk BE , BT DL
RATEXHNENE Z(K),
Al(K)] _ [}L(K)
ap(K) oK)
B, BB AERE H RN 2 X 12 BfiER, ATNREMTHLE, EEERNRSE
RIS, THRIEAE LEETHY,

F(K) = [ ] — H(K) + X(K) + V(K) (30)

[AI(K)] - [Hm, H,,, Hy -+ -+ Hy,y, Hmz] . X(K) (31)
A(P(K) HZ:I, Hz,zp Hz,sp """ Hz,ua Hmz
Hrp
Al —y
H, =—= 32
" Ax 22 [14 (y/2)?] (32)
Al 1
H;=—= 33
YAy xe [+ (y/x)] (33)
H,, = AL __ —h- sin (B) « cos(1) (34)
A, x
H,y — AL __ k- cos(B) - cos(1) (35)
A0, x
Agp —z + cos(d)
H,, =—"F = (36)
MAr o 21+ (9] [+ (2 e sin(2)/y)]
Hz,s = éql = —E sln(l) 2 (37)
Ay  x*e [14 (y/x)]+ [1+ (z+ cos(i)/x)*]
Hys =22 — sin (1) : (38)
Az yo[14+ (z+ sin(1)/y)*]
H,, = Ap _ —h- cos (B) + cos{(¢p) « sin(1) (39)
Af, y
Hyo — Ap _ —h sin(B) - cos(cp) » sin (1) (40)
A6, y
H,=H,,=H;s=H,=Hs=H,,=Hu= Hi =0 (41)
H,,; = Hy4 = Hyg = Hyg = Hy, 0 = Hyy = Hyp = 0 (42)

(30) XD, MREEEBHARTESTHEEZEE, XPAELHREPL =
¥,z NEBRAHTER TAERLLIFRAPHSIFE, RP s ZEEENHERE, BEL
EEEARESSB T FEUESAREA,
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3. xBAHE
R(K+1/K)=0(K+ 1/K) - R(K/K) (43)
P(K+ 1/K)=0(K+ 1/K)+ P(K/K) « DT(K + 1/K) (44)

st P(K+ 1/K) FRRED T EERE. MHRE (43) & (44) ha[UFEH, Frig “ff
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X(0/—1) = E[X,] = Xo} (45)
P(0/—1) = P,
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Fig. 2 Data Flow Chart of Recursive Algorithm
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Fig. 3 Distribution of GCPa in the corrected scene
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Fig. 4 Residual Error with GCPa correction in a sene
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Fig. 5 Propogation of the residual error in a path
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Table 1 the Result of Test 1

RIgS 1 2 3 4 5
BHAKE 8 1 1 1 1
EHRTHA 0 —3.9E-8 —1.67E-8 1.5E-9 —2.0E-9
FHFTH 1.0E-10 1.98E-7 3.69E-8 —2.0E-8 —1.0E-9
FRIR 2 —1.24E-7 —8.0E-9 1.85E-8 —4,2E-9
iR e 6E-7 —1.1E-7 —1.5E-7 —5.2E-9
RIES 6 7 8 9 10
BHIEE 1 1 1 1 1
EHTHIA —7.0E-10 —5.0E-10 2.7E-3 —2.2E-9 6.8E-9
FHTH e —8.1E-9 4.1E-9 —1.8E-9 3.8E-9 7.7E-9
iR A —1.2E-7 —2.1E-8 —2.26E-8 —3.7E-8 —3.1E-8
FRiR ¢ —3.28E-7 1.2E-8 2.4E-8 5.5E-8 8.5E-8

RIBS i1 12 13 14 15
Bl s E 1 1 1 1 1
EHRTHA —7.0E-10 1.0E-10 5.0E-10 —3.0E-9 8.7E-9
EFETHe —1.26E-8 1.65E-8 2.58E-8 —4,9E-9 9.0E-9
TR A —4.9E-8 —5.5E-8 —6.1E-8 —7.2E-8 6.39E-8
Wi e 8.5E-8 1.58E-7 2.1E-7 2.1E-7 2.8E-7

RIES 16 17 18 19 20
BHABE 1 1 1 1 1
EHTWA —7.4E-9 —1.18E-8 —9.2E-9 1.48E-8 —9.2E-9
EFTHe —3.15E-8 —5.1E-8 —4.29E-8 —4,74E-8 8.26E-8
TR A —9.1E-8 —1.0E-7 —1.0E-7 —8.2E-8 —1.2E-7
iR @ 2.8E-7 3.18E-7 3.0E-7 4.7E-7 7.2E-7

B (—3.9E — 8 F&& —3.9%107%, HFHEE)

FE4—5 MRITUN, KR SPOT HfiEHHI. SPOT WIRELN 60 AH X 60 24
BL,BRSMERE 1200 2EMAFR RS RIFIEE. DR, XRBEY DEERR 20 R
BEEZEENIRY, FRZIMRARORE, DEELHFEE H E £ F R E T,
SPOT FRE—RIEMIBRRIAEY 9.024 B, Wik, b RE TR 3 5B T EH
AZFiho FEL,HT SPOT WERERE CCD HHER, BREAMNMBHMEBE,

L, EREBELT, DEEBTHRBERWN,

Lt N

7

REARRREE SPOT RHEHBERTH, ERENAGZONEIEATHL LE
T™ ZBRIE R ABAEENARRRHRD B EEH ARE LA ERETK
WRIE, REFHRIWEMBE; g EREFNERENIEHENESNNES
B MEEERTILAR ERMENTRIRE R LEREANS .
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2 RE2HER
Table 2 the Result of Test 2

RIES 1 2 3 4 5
BHAEE 8 6 4 0 0
TR A —5.5E-9 —8.9E-0 —3.0E-8 —6.9E-8
Filk ¢ 3.3E-9 5.9E-9 2.2E-8 5.5E-8
RES 6 7 8 9 10
BHAKE 0 0 0 0 0
iR A —1.0E-7 —2.0E-7 —3.1E-7 —4.6E-7 —6.4E-7
iR ¢ 1.1E-7 2.0E-7 3.3E-7 | 5.1E-7 7.6E-7
Rigs 11 12 13 14 15
BHARE 0 0 0 0 0
Fii A —8.5E-7 —1.1E-§ —1.4E-6 —1.7E-6 —2.1E-6
iR @ 1.1E-6 1.5E-6 ! 2.0E-6 2.7E-6 3.5E-6
RrRES 16 17 18 19 20
BHEAKE 0 0 0 0 0
TR A —2.5E-6 —3.0E-6 —3.5E-6 —4.0E-6 —4.6E-6
HiRe 4.5E-¢ 5.7E-6 7.2E-6 8.0E-6 1.1E-5

B (—5.5E — 9 R —5.5%107, FARHRE)

HEHR-RERRES, E5EBHNEMNAREER, A2 EERAREMARE BT
RANBKMLE T o BELL, RRZWBEHFOATRER /N E, LUK ERRIFE
AHR/NZFRtk. FNERWSKIERERE, BT B0 NPF 2 ARASHERLL, &
EFF R —RPRIFE 6 ML EAEHIA. LRIEH, A% 8—9 MEHlR, BikEE
TRIFH ko

BMEERAMAET BN AR, bR RER—HE L, ZERT JUE 5| A # 5]
RETRIE, AR TR LU S RIERI S B, AR A T SR R IE 2R, SMERIRERINE
HE T, AT SEURS R 2 R 2 3 T fhll A OB K AU AR BEAT KRR IE., th B K B0 R R 3K
Fo i LEAANRES, DOSHIE = RIBRIZKRSIAZBHARKIE, WaTLSMEE 20
BRERRE D, L RERIFHMR.

EREHOE, EXREBHLAGENP S, AmES AR fHIEE 6, BRH
WRALBBETREFNE, RECRUSEEBNHRNERBEMUN. HENH 16k
REBEATBMOESZE, NI EREE RN, HEEE LT ERNAGIN). B
RITNWREEDRBMEN TRFOERARE THREES, —BEERxE, hil—%kE
To ETUHENME, BTFNENHESH, EESURERPLSUEAUAS NS HH
Tt B, TUAERNERD B, R BEMTRIMNVEFI S, SN RE L8R 2B T £
ENNREZHETEHANIA ERERFAS I KBS,
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The Application of KALMAN FILTER in the Geodetic Correction
of Satellite Remote Sensing Imagery

Liang Zehuan

(Remoze Sensing Saicllite Ground Siation Chinese Academy of Sciences)

Abstract

One of the image pre-processing tasks in the Remote Sensing Satellite Ground Station is the
Systematic Correction Processing which may remove almost all the distortions inside the scene.
However, the location accuracy is still rough and may probably reach hundred meters or kilom-
eters. A recursive algorithm based on the Kalman Filter rather than the Batch Processing Algo-
rithm using a few number of Ground Control Points will be used to enhance the location accu-
racy. Moreover, the ephemeric data and the attitude data will also be updated. In a single scene
processing, 8 or 9 Control Points will be sufficient to reach the good result. In the continual mu-
Iti-scene processing of a path, this algorithm may be propagated to predict the locations or the
ephemeric and attitude data of the next scenes, in which the Control Point may be not available.

In the section 2 of this paper, the recursive algorithm and the coefficients of the Transition
Matrix and the Measurement Matrix in the Kalman Filter equations will be derived. The results
of the simulation experiments including 3 Figures and 2 tables will be presented in the section 3.
The section 4 has some discussions about the convergence and the advantages of this algorithm.
Finally, 6 references will be given for the convenience in the future discussions.

Key words KALMAN FILTER Ground Control Points  Systematic Correction
Recureive Algorithm  Batch Processing Algorithm  Time Series Analysis AR Model



