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Commiss ionm /1 

Accurate estimation of exterior orientaition parameters of SPOT imagery 

have required large number of ground control points because the swath width of 

SPOT HRV is very small compared with the satellite altitude. Authors proposed 

a method of SPOT imagery orientation where observed data of satellite position 

and attitude rate, provided in SPOT CCT, are employed for new constraint 

conditions in addition to colinearity equations for ground control points. The 

experiment using 'Mt.Fuji' images of SPOT HRV shows improvement of orientation 

accuracy when small number of G.C.P.s are used. 

INTRODUCTION 

Exterior orientation parameters of SPOT HRV are given as functions 

( polynomials etc.) of time or scan line number, because the position and the 

attitude of SPOT HRV change smoothly with time or scan line number. In case 

polynomials are employed, coefficients of the polynomials are exterior 

orientation parameters to be estimated. 
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Preliminary studies [lJ, [2J by authors on simulated linear array sensor 

imagery showed that accurate estimation of the orientation parameters require 

large number of ground control points without using auxiliary satellite position 

and attitude data. The first reason is that larger number of orientation 

parameters are to be estimated than those of conventional metric cameras. The 

second reason is that the swath width of SPOT HRV is very small compared with 

the altitude of SPOT satellite. 

As shown in Figure 1, in case swath width/ altitude ratio is small, G.C.P. 

errors may cause gross errors in estimating orientation parameters, while in 

case swath width/ altitude ratio is large the influence of G.C.P. errors is 

relatively small. And this kind of orientation errors may not be able to be 

detected through checking residuals. In SPOT case, swath width/ altitude ratio 

is about 0.074, which is much smaller than those of conventional metric cameras 

( O. 86 - 1. 50 ). 

Auxiliary use of satellite position and attitude rate data for additional 

constraint conditions is expected to have direct effect on decreasing gross 

errors in estimating the orientation parameters. In order to estimate the 

orientation parameters more accurately with less ground control points, authors 

proposed to use auxiliary satellite position and attitude rate data. 

Orientation Error 

-:l /1\ 
I \ 

Satellite Position I \ 

(Projection Center) I 
I 
I 
I 
I 
I 
I 

Orientation Error 

Estimated ~\"'--TrUe 
Position I' \ Position 

(til 
........ I 
't:YI 
t:::::1 

~/ 

I 
I 

I \ 

G.C.P.Error 

G. C. P. 

(a) Swath Width/Altitude 
= Small 

G. C. P. 

(b) Swath Width/Altitude 
= Large 

Error 

Fig. 1 Comparison of Stability in Estimating Orientation Parameters 
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ORIENTATION WITH SATELLITE POSITION AND ATTITUDE RATE DATA 

The position and attitude of SPOT satellite can be approximated well enough 

with polynomials of line number. Appropriate order of polynomials depends on 

length of an orbit, the stability of attitude change and so on. In the 

following case, the position and attitude are expressed with first order 

polynomials. 

satellite orbit: 
Xe Xee+Xt*L 

Ye Yee+ Y t * L 

Ze - Zee+Yt*L 

satellite attitude: 

W - We +Wt*L 

r/J - r/JVJ +r/Jl *L 
I(, - I(,e + 1(,1 *'L 

where L . line number 

( Xe Ye 

( w , r/J 

ZVJ 
,I(, 

) 

) 
sensor position ( projection center) 
sensor atti tude ( roll, pi tch and yaw) 

The unknown twelve orientation parameters in (1) and (2) satisfy 

colinearity equations (3) for ground control points. 

au (x - Xe) + a21 (y-ye) +a31 (Z-Ze) 
+ 

Xg 
0 -

a 13 (x - Xe) +a23 (y-ye) +a33 (Z-Ze) f 

at 2 (x - xe) + a22 (y - ye) +a32 (Z-Ze) 
+ 

yg 
0 

a 13 (x - Xe) + a23 (y-ye) + a33 (z - Ze) f 

} (3) 

a··= Rw.".Y' IJ 
( Rotation Matrix of roll,pitch and yaw) 

f: focal length 
(xg,Yg): image coordinates of G. C. P. s 
(X, Y,Z): ground coordinates of G. C. P. s 

Observed satellite position and attitude rate data and the unknown 

orientation parameters satisfy the following additional equations (4), (5), which 

authors call 'satellite data equations', 
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satellite orbit: 

x 
Y 

Z 

X~8+Xt*L 

Y88+ Y 1 *L 

Z~~+Yl*L 

satellite attitude 

Wt 

.. 
/(, /(,1 

where L : line number 

( X Y Z ) observed satellite position 

observed attitude rate ( roll, pitch and yaw) 

The unknown parameters are obtained through solving these colinearity 

equations and satellite data equations simultaneously with weighted nonlinear 

least square method. Weight values for the colinearity equations and for the 

satellite data equations are proportional to expected variance of residuals of 

colinearity equations and to expected variance of satellite data error 

respect i ve I y. 

TEST PROCEDURE 

Test of exterior orientation was carried out for three SPOT HRV images of 

a mountainous area around Mt. Fuj i. Figure 2 and Figure 3 show the topomap of 

test area and distribution of G.C.P.s and check points respectively. The number 

of G.C.P. s is different among test cases, while same eighteen check points and 

forty nine pass points are used in all cases. Their ground coordinates were 

measured on 1:25,000 scale topomap with 10m interval contour lines, while the 

image coordinates were measured on photo copies of SPOT images. Figure 4 shows 

the dates and the sensor angles of SPOT HRV images. 

The accuracy of orientation are evaluated in terms of residuals at G.C.P.s 

and pointing error at the check points. 
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Fig.3 Distribution of G.C.P. s and Check Points 
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Fig. 4 Dates and Angles of the three SPOT Images 

Nine SPOT satellite position data are provided in SPOT CCT. Observation 

interval between these position data, which is about 450km along orbit, is much 

larger than SPOT image size on the ground. For the test of orientation, authors 

obtained ten position data (X, Y,Z) within the test area through linear 

interpolation of height, longitude and latitude data of two original position 

data ( the fourth and fifth data in CCT ) which are nearest to the test area. 

As for attitude rate data, ten data (roll,pitch and yaw) within the test area 

were chosen for the test out of seventy two data provided in CCTa 

In deciding weight values for the colinearity equations and the satellite 

data equations, authors assumed variance of residuals for the colinearity 

equations to be 0.3 pixel and variance of satellite data errors to be 8000m for 

position data and 0.01 rad/line for attitude rate data through some trials. 

RESULTS 

Table 1 and table 2 show residuals at G.C.P. s and pointing error at check points. 

The residuals of the cases with satellite data are slightly smaller than those 

of the cases without satellite data are small. As for pointing accuracy, the 

cases with satellite data give better altimetric accuracy, while in terms of 

planimetric accuracy, there are little di fferences. 

Improvement of altimetric accuracy obtained by use of satellite data is 

1.7m - 7.9m in R.M.S.E .. The improvement effct tends to increase in the cases 

where smaller number of G.C.P.s are used. This fact implies that use of 

satellite data would be recommended especially when large number of G.C.P.s are 
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not avai lable. 

Tab. 1 Residuals at Ground Control Points 

Without Satellite Data With Satellite Data 

Number of Residuals (m) Residuals (m) 

P. s X Y Z X Y Z 

8 4. 78 7. 18 20. 33 5.67 6.85 6. 78 

10 6.81 7.58 6. 52 3.56 6.31 4.14 

16 6. 26 7.41 13. 79 5.80 7.44 11.48 

21 7. 64 7.86 11. 46 7.29 7.95 10.85 

Tab. 2 Pointing Error at Check Points 

Without Satellite Data With Satellite Data Improvement Effect 

Number of R. M. S. E. (m) R. M. S. E. (m) (Wi thout-Wi th) 

G.C.P. s X Y Z X Y Z Z (m) 

8 11. 24 12. 56 21. 39 9.42 11. 67 13.47 7.92 

10 11. 34 11.88 21. 36 11. 15 11. 16 15.41 5.95 

16 9.49 9. 55 14.45 10. 56 9. 94 12. 73 1. 72 

21 10. 18 8. 35 18. 26 10. 18 8.47 14.54 3. 72 

Number of Check Points is 18. 

CONCLUSIONS 

(1) Accuracy of SPOT image orientation is improved by auxiliary use of satellite 

position and attitude rate data which are provided in SPOT CCT. 

(2) Improvement effect by use of satellite data tends to increase in cases where 

smaller number of G.C.P. s are used. 

(3) The results of the experiment imply that auxiliary use of satellite data 
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would be recommended when large number of G.C.P. s are not available. 
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