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Calibration method of on-orbit attitude systematic error for space-

borne laser altimeter of earth observation
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Abstract: The range between satellite and surface target was acquired by processing the weak received
waveform which was transmitted from the space-borne laser altimeter and reflected by earth surface.
Combined with the precise orbit and attitude data, the accurate location and elevation of laser footprint were
calculated. As for the altimeter with elevation accuracy of 10 cm magnitude, the systematic error on attitude
angles influencing the accuracy severely should be calibrated effectively. The analytic model of attitude angle
error associated with priori knowledge of earth surface was deduced, and the calibration method used to
eliminate the attitude error was designed, which utilized the ocean surface as calibration field, was by way of
satellite attitude maneuver and based on least squares estimation algorithm. The results of simulation show
that the designed method can estimate the systematic error precisely and effectively, even if the mass
observed data were lost, the estimated bias is less than 5%. This on-orbit calibration method is beneficial to

the systematic error correction for the space-borne laser altimeter, and is of reference significance.
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Fig.1 Instantaneous measuring coordinate of laser altimeter

X AR e TR AT W Y B T A RUE
VL, XYZ-0 WA T2, BOGTE 10 7R R TR T 0] £
o, MIBOCIA S ARARIX, Y, Z) T T

X| [X, 0 AXse | | AX,

Y |=| Yy |+Muyee| —RsinB |+ AYse |—| AY, | (1)

Z Z Rcosp AZg AZ,
Ao (X, Yo, Z]" AW AR FALE I E RGITR
1 TR BT O AR AR 5 Mase N B RS W2 A
A (2); [0, —RsinB, ReosBI™ N 48 17 2K & A4 Fr
[AXge, AYse, AZg )" RFOC RS % 55 T EBR.O"
¥ 5 fii # i ARef; [AX,, AY,, AZo)" Oy B b 8 Hf i
Fah.o 5 TR BERB R AG, 55 W 7E—
B[] P AT LATA Ry 2 B m) i

COSWCOSEP —SINWCOSK+COSWSIN@SINK  SiNwWSINK+COSWSIN@COSK

M yinee=| SINWCOSP  COSWCOSK+SINwsingsink

—sing

Ko, F k730500 T A Z Wmfi A (Yaw) Y fllff
10 £ (Pitch) A X Sl B VR F1 (Roll) .

cosgsink

—COS WSINK+SIiNwWSIN@CcoSK (2)
COS(PCOSK

MEkr b, IR LT LR ) %

BDRGRZEMILTEARERNE R iR 2, LKL



EXE

I RE RN EREEN SN ERESRAAEERR T & 2403

BENLIRZE Z 5, M R R AR AR 7R T

X! X 1 -Aw Agp 0

Y =Yy [ +Myiee] Aw 1 —Ak |+ =(R+AR)sinB |+

Z\| \Z, -Ap Ak 1 (R+AR)cosp
AXse | |AXo | | Nx
AYs |—| AY, |+| Ny (3)
AZc AZ, N,

K Aw A FIl Ax 7350 R A A . ARFARD AR 7R 5 1m)
RGLLESRZE AR IR R GL1R 22 ; Ny Ny FL N, N
3 A5 T BEAILDR 2 o AR T TR LA = B R,
B UK 5900 AR 5 AR 25 e B R I i JE
W TR A(B), TR R R 22 2 — KT, A5
X X, AwsinB+Agcosf
Y |=| Y, | +Myiua| —(sinB+AkcosB)R—sinBAR |+
Z| \Z (—AksinB+cosB)R+cosBAR
AXe AX, | | Ny
AYs |—| AY, |+| Ny (4)
AZe AZ, Ny
BB 3 2 57 B AL AR K (x4 2), Tl R TR flx,
y,2)=0; PRI h AU & RGETR2E S FEHLIR2E N HI
FBEE R T =30 A2 G 1P T AR BR R T 52 Bl iy
RN EAR T VIR (T, S, N)=0; IR A L5575 &
G5 A HBR 20 S B 7 R il Rl ¢(T, S,
N)=f(x,y,2)o SEH T S O (1 F e/ —Sfe i)
D5 AT DATHER R G 22 (1 R/ NI BEAIL IR 22 19 U7 2% .
H IO 5 2R 48 A RO Dk i 80 38 b T IR B BEAE A
FEJLA KRG MFEAN-FR 2 0T AR T 1 0 TR A
3, PRI F AR P i s i i BE AT ) TG 2R 58
TRZE | IC M 27 B 5 JE - T TR sixksay+ssz+s,=0 , H
H S=[s1, 55, 8]V 7 FEAY 5 () £, S [ £ D0
HARFEE AN B A2 ()G R AL PR A £ 5
AT LIS B s, 50, 83]0x, v, 2] +s,=0 , ZEFR AT 15 .
51X+ AXge— AXp) +5:( Yo+ AYse— AY ) +55(Zo+ AZs— AZp) +
(81 Nx+8:Ny+55N,)+(5,C0S WCOS h+5,5IN wCcos p—s,8in )
sinBRA w+(5,c0SwCOS (h+5,8IN wCOS hp—s58in ) «
cos BRA p—{ [ s,(—sinwcosk+coswsinpcosk)+
So(COS wcos k+sinwsin sink)+s,cos psink]cos B+
[s1(sinwsink+coswsin pcos K )+,(—COSwCOs K+
sinwsingcosk)+s;cos pecosk]sinB} RAk+
{—[s1(—sinwcos k+cos wsingsink)+s5,(cos WCOS K+

sinwsin ¢sink)+sscospsink]sin B+[ s, (sinwsink+

COSWSINPCOSK)+55(—COS wsinKk+Ssinwsin pcos k) +
sscoseosk]cos B} AR—{ [s;(—sinwcosk+coswsingsink)+
S2(COoswcos K+sinwsin ¢sin k) +sscospsin k| sin B+
[s1(sinwsink+cos wsin pcos k)+s,(—coswsink+

sinwsin¢cosk)+s:cos pcosk]cosB} R+s,=0 (5)

ZRN DR LEME, LPRASRIARET

B b R R G BRI, B A=la),az,a5]=

S Mususe, I T A BEHLIE S Z FIK 7R 5 N=siN,+
$aN 55Nz, W22 2 (5) AT AR AR R -

$1(Xo+AX o — AX ) +5:( Yot AYso— AY ) +55(Zo+ AZy— AZy) +

(assinB+axcosB)R+s,=0b=—a,Rsin BAw—
aRcos BA p+(a,cos B+assinB)RAk+

(assinB—-ascosB)AR+N (6)

X 0b Ky SR ; Ao Ap Ak Fil AR K £ A

TR SR 2ZESHL, TESLbRil i, 3 A7 1) 2835

il o o Mk, WO M B, MEEE R, TR E K

B [X,,Y,2Z]" BN EHIE, ARef Fl AG K AE—BL

] A A B OO i, A0SR AT R e B R B SRk

)i S W CFIE,

2 MREMKIERZE

T SRAdE FH XUGH 5 /N I 18 TR 7K P 388 (>1 000 m) T
FMAE A AHETT, 7T LA LA o A B 4k 1)
YT, S SR HLR S B T S S eI S [ T DLR
7NHL0,0, 1], K 21 T 7 B e e 28 TR 2%
AbRF T, T T T AR bR R T TR & 2 A
Fr % 2 A B U S [a) 572 (0,0, -1, W22 (6) Al
LA A (T)

—(Zo+AZse—AZy)+(coskcos B+sinksinB)cos pR=

singsin BRA w+sin@cos BRA ¢+(sinkcos B+cosksinB) «
cosRAk+(sinksinB—coskcosB) - cospAR+N  (7)

2 [ 1 B i, B0 ETR 81 M B %, UL
W75 AT LUK IR R

Ob, —Ccosk,cosR singR  sink,cos¢R

Ob, —COSK,COS(:R  sing,R  sink,cos@,R

Ob, | |—coskcos@,R sing,R sink,cosg,R

N,
AR N
A + (8)
Ak '

Nn
b PR E R Rl LR 2225018l Uy =X, Hoad 72



2404 2315 ik T A2

% 44 %

LIl FAASE IRV F 7 1 A8 284k, ff B AR AN
REAT PR, DU KRR B 3Bk O | A A1 i A e ZEi0ok
s A CeoR e R rp, DL ICESat A 600km
(R BILIE W B R 0], £60° 45 B 38 Rl K AT ek ) e ot
2000, VTR ARGV J7 1] 56 J5 4 HE O 5% pR AT T
LA, PRIEE S 30, AW 1600, W& 2 Fis

-m== Roll

2t
)
ED 0
<-1f
,2_
,3 -
i 200 600 1000 1400 1800
Time/s

2 AR FIRE IR 5 1 9 28 A B B A2 Ak

Fig.2 Attitude of pitch and roll maneuver profiles
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Tab.1 Comparison of assumed and estimated

attitude systematic error

Assumed error/(") Estimated error/(") Bias/(")

Pitch Roll Pitch Roll Pitch Roll
30 30 29.88 30.02 -0.12 0.02
=30 30 -30.08 30.15 -0.08 0.15
20 =30 20.25 -30.07 0.25 -0.07
-15 -20 -15.13 -20.17 -0.13 -0.17
30 -10 29.95 -9.97 -0.05 0.03
-10 20 -10.25 20.42 -0.25 0.42

Total analysis Bias mean  0.00 Bias SD 0.19
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