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ABSTRACT
Image quality and geometric accuracy of SPOT data are essential elements in cartographil
applications. The evaluation of geometric accuracy of SPOT data is carried out by analysis-anl
quantification of the errors in geometric correction. For this purpose, many programs are designel
to correct the image geometrically (polynomial transformation) and to calculate the root m.u,
square error (RMSE) by the standard method.
The standard method of calculating the R.MSE is shown to be capable of providing accurat:
estimates of geometric error when a modest number of control points is availabl:
(between I 0- 1 5 points). This method also provides an indication of the effects bf choosing differer r
polynomial orders.
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INTRODUCTION
A standard method of estimating errors in polynomial geometric transformation is presenteci.
Polynomial rectification is widely applied in both remote sensing and geographical informatiorr
system (GIS) applications. Polynomial rectification calculates a global mathematical transformatiorr
for converting image to map coordinates system and vice versa. The area selected for this researclr
is in Mosul in the north of Iraq, Fig.(l).o
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The standard formula for the evaluation of a and b is:

STANDARD METHOD OF RMSE CALCULATION FROM
POLYNOMIAL RECTIFICATION

(1)

)

Fig. (l). Scene of study area from Mosul SPOT PAN image in 1992

POLYNOMIAL RECTIFICATIOIV
Polynomial model is an approach to correct the image geometrically. It is sensor independent and
based on statistical principles. In the correction process, numerous points are located both in the
distorted image (column, row numbers such as a street intersection) and in the reference map (,r
master image (ground coordinates). The original irnage is shifted, rotated, scaled and warped to f ,t
the reference points. The polynomial equation can be solved after a sufficient number of points hale
been collected. In case of redundant information, a least square adjustment of the measurements s
applied to determine the best fitting"polynomial and its u..uru.y. The linear least squares function s

used to express (Mather, 1987):
- x as a function of c and r (a coefficient matrix)
- y as a function of c and r (b coefficient matrix)
- c as a function of x and y (av coefficient matrix)
- r as a function of x and y (bv coefficient matrix)
Once the coefficients of each of these functions are known, it will be possible to transform frorn
(x, y) to (c, r) coordinates or from (c, r) to (x, y). Procedures for estimating the coefficienr s

(aii and b;.;) in the least squares functions relating the two coordinates systems can now te
considered. The map easting (X) and northing (Y) estimate from image column (c) and row (:')
coordinates for a set of control points. The set of control points (map easting and northing ) ar e

denoted by the vector X and Y respectively, while the powers and cross-products of the c and r
values are considered to form the matrix P. The coefficients ati and bii will be the elements of vectc r
a and b are respectively. The method of the least squares is used to find the vector of estirnates l(
and Y according to the following model:

o
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o = (P'Pl-' p'x)

o = (p,p) ' ,,rJ Q)

The first and the second order polynomial have the system shown in Table (f ). the map eastir g
vector X and northing vector Y are to be estimated from the powers and cross-products of the ima6 e
column and row (c and r) vectors, forming the matrix P. The values X, y, c and, ar" measured at'rl
control points. For rnoderate distortions in a relatively small area of an image, a six-paramet,:r
affine transformation is sufficient to rectiff the imagery to a geographic frame of referenie such i,s
a subimage used in this study frorn a large SpOT image.

Table (l) Solution of the least square estimation procedure
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I
I

l

GROUND CONTROL POINTS (GCPs)
It is generally accepted that the number, spatial distribution and Iocation accuracy of GCI s

influence the accuracy of the correction. Different numbers of control points are needed depending
on the degree of the polynomial. The minimum number of points required to perform a

transformation of order (d) equals (ERDAS, 1994):

(a+/)(a*z)\

I

)2
(3)

For the best rectification results, more than the minimum number of GCPs is required.
The optimal distribution of GCPs is generally thought to be unifonn over the entire image, evenly
spread, as far as possible, over the image area (Borgeson et al, 1985) and (Manual of remote
sensing, I 983), Fig.(2).

lg +

2l+ 17+

l6
+

l9
f

20
23+

*r r3 l4
,,
L

3

t2+
+

22 +
+ + t5

+ll
l04

+ +
) +

7 6 -+ +
9

+

+ + +
+

Fig. (2) Spatial distribution of GCPs in the selected study area

Image coordinates can be identified either manually by visual identification using the cursor on a

display or sometimes by means of enlargement of pixels displayed on the CRT, making it possible
to mark them within an error standrrd deviation (oij) of 0.5 pixel.
Ground coordinates are obtained from the map at scale l:50,000 by the computer-controlled tablt't
digitizing. 'fhe computer--controlled tablet digitizing converts digitizer coordinates from inches tr
meters on the ground. The corner locations of each map are measured to establishthe actual scale
and orientation of the map.

STANDARD METIIOD
RMSE is often calculated separately for the x and y components of each ground control point i r
order to provide inforrnation about the relative error associated with that point. Total RMSE basel
on transformation residuals is an accuracy statistics for the entire image. Because the GCPs are ru t
independent from the transformation coefficients, RMSE will underpredict the actual error founl
elsewhere in the transformed image when the degrees of freedom are small. As the number of GCPs
increases, the transformation coefficients will converge towards an improved estimate and RMS l
will asymptotically approach actual error. The RMSE estimated frorn transformation residuals
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a
increased consistently with the number of control points. This relationship is portrayed in Fig. (ii)
( McGwire ,1996).

Predicted

Number of GCPs

Fig.(3). Idealized curves of estimated and actual RMSE versus number of GCPs in the standard
method

From the residuals, the following calcul:rtions are made to detennine the total RMSE, the RMSEx
and the RMSEy ( ERDAS, 1994):

RMSEx -
(4)

l

IUa
=u

o

{*r ^xi}"'

{*}

o

t/2
RMSEy - ayl

RMSE = lnusn! + RMSE|Y" (s)

A normalized value representing each point's RMSE in relation to the total RMSE is (ERDAll,
1994):

RMSE,t,=ffi (6)

where Ei : error contribution of GCPi

ERROR ANALYSIS
In this research, the polynomial rectification is used to rectifi SPOT data to the UTM coordinate s
system. The three major sources of errors that limit the accuracy of fitting are:- Location errors caused by the spatial resolution of Spor data.- Map errors attributable to the scale, quality, projection / coordinates system, and to the digitizing

procedures.
- Errors caused by terrain relief.
In the study area scene, the 10 rn spatial resolution of SPOT PAN data, land cover, and variation in
terrain, make it difficult to define GCps location better than 10.5 pixel (+5 p;.
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The current accuracy of a map is about 0.2 mm and standard deviation of digitizing is 0.2 mm. Srr,

the root mean squai'e of the digitized data residuals is 0.2J, mm, which is 14m and 7 rn
respectively for l:50,000 and 1:25,000 scale map.
With a relief of about 100 m or less (i.e. the study area), the resulting planimetric error should te
less than + 0.1 pixel. In this case, the GCPs used for the rectification are selected at mid-ran5e
elevations. The geometrical impact of this value can be neglected( Welch et al, 1985). The overall
error budgets for the study area can be approximated as follows (Welch et al, 1985):

RMSE X ( location error )2 + ( mop error )2 + ( reltef error )2 Q)

(5 )' + (14)' + (1)' =*15 m (t 1.5 pixels) for SPOTPAN data

EVALUATING RMSE
After each computation of a transformation matrix and RMSE, there are four options:
l- Throw out the GCP with highest RMSE, assuming that this GCP is the least accurate. Anothrrr

transformation mziuix can then be computed from the remaining GCPs. A closer fit should te
possible. However, if this is the only GCP in a particular region of the image, it may caur e
greater error to remove it.

2- Select only the most confrdence points.
3- Tolerate a higher amount of RMSE.
4- Increase the order of transformaticn, creating more complex geometric alterations in the image.
A transformation matrix can then be computed that can accommodate the GCPs to less error.
The residual errors are used to detect gross errors in the acquisition of GCP locations. If the residu;rl
error is greater than the corresponding standard deviation error (o;i) by more than three timt s
(for example, oii = 0.5 pixel), that is, if

lr, I > soij

I

(8)

o

then GCP is considered as 'osuspect" and is examined to determine if an error is made in
determining its location in the image or map (Ford andZanelli , 1985)

APPLICATIONS AND RESULTS
The Standard method is accomplished by using first and second order polynomials. The lea;t
squares method fits the SPOT images to the reference map with the aid of GCPs. The procedure can
be iterated until the RMSE is reduced to less than +l pixel. 23 GCPs are located on the map
(UTM easting and northing of each point) by using the tablet digitizing. The same GCPs are then
identified in the SPOT data according to their row and column coordinates, Table (2). The GCI s

are located throughout the region to be rectiflred and not congested into one small area. These GCI s

are entered to the least squares regression procedure to identifu the:
1- Coeffiqients of the coordinates transformation.
2- Individual and total residual error (r1;) in X and Y.
3- Individual and total RMSE associated with the GCPs.
4- Relative error and scale error.
For the first order transformation, a threshold of I pixel is not satisfied until 10 GCPs are deleteC
from the SPOT PAN data set analysis. The order in which the 10 GCPs are deleted and the totrl
RMSE found after each deletion are summarized in, Table (2). The 13 GCPs finally selecteC
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produce an acceptable RMSE <1 pixel which are shown in, Table (3). The six coefficients deriveJ
from l3 suitable GCPs are found in the same table.
Finally, the RMSE is + 9.7 m (10.977 pixel, 13 GCPs) for the SPOT PAN data set. These valur s

are checked with the GIS software packages. Results of applying second order polynomial provide
bad results for rectification of the SPOT data due to the moderate distortion in a relatively smarl
area of an image (i.e. subimage used in this study from the large SPOT image). The analysis shou s
that first order transformation suggests better results than higher order polynomials.
The standard RMSE is a function of the number of GCPs,see Fig. (4). Five subsets are tested and
the mean of these subsets is calculated in table 4. The subsets are chosen according to the spatirrl
distribution of GCPs. As expected, the RMSE for the standard method based on transformation
residual starts low and increases to a maximum of approximately 15 points for the first ordr,r
polynomial. The RMSE based on transformation residuals is stabilized at approximately seven
control points but it converges towards a more accurate estimate of actual error within 7-15 contn,l
points for the first order transformation.

Table (2) CCPs locations on both map and image with the total standard RMSE after each deletion

Observ0i
Iocations

Viap GCPs
UTM - m)

TotalRMSfi'
after this point

deleted
(pixel)

v

I kept 332424 r t'26319
3321 I 3 4026217

24A 166
2 l0 214 182 0.977
3 KtPt 332025 402s8 l5 213 224
4 Kept 33 I 376 4025660 154 2s3
5 Kept 331750 4025306 199 278
6 8 330887 4025278 r 16 304 1.t46
7 7 3299s6 40255 I s r8 30r t.278
8 Kept 33246A 4024730 283 320
9 Kept 3 3 3063 4024729 340 307
l0 Kept 3327 59 402s402 29s 247
H Kept 332648 40256 r 3 280 230
t2 4 332521 402597 4 255 193 1.665
l3 5 332739 4426400 266 r5l 1.544
l4 Kept 333s45 40260s3 3s5 166
l5 9 333925 402s3 85 408 221 1.012
l6 6 333 640 4026633 349 r03 1 ,394
l7 2 333 64s 4026979 339 62 2.3s8
l8 Kept 332331 4027 549 200 47
r9 Kept 33 I 023 4027392 80 90
20 1 33 r 2r0 4026995 l0l tt7 3.039
2t Kept 3 3 0540 40277 63 23 6s
22 Kept 3 3 0845 4026462 85 r86
23 3 332324 4026696 224 t36 L869

Total RMSE with all23 GCPs used * 3.582
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Table (3) Results of applying the standard method to 13 selected GCPs

T
he coefficients of the least squares regression procedure are

Total RMSEx - 0,777 pixel
Total RMSEy: 0.593 pixel
AE : Total RMSI - 0,977 pixel :9.77 m
RE : 0.410
SE: 9.721 x 104

t

I

o

GC
P

No.
i

Observed Map
GCPs locations

ruTM-m)

Observed Image
GCPs locations

(pixel)

Bstimated l,mage
GCPs locations

(pixel)

Residuals errors

(pixel)

RMSEi
of

GCPi
(pixel)

GCPi
error

contrib

ution
x

;

v c r c Ax Ay

,,,"4Q265'L 166.00 24At.06

2

l'6;5.17

3

0.062 -:0.827 0.830 0.849

3 332025 40253 I

5

2 r 3.00
0

224.00
0

213.85
9

223.25
2

0.859 -0.7 48 l.r39 1.165

4 331376 402566
0

154.00
0

253.00
0

154.04
0

252,63
3

1.040 -0.367 I .103 I.128

5 33 I 750 402s30
6

l gg.00

0
278.00

0

199.73
7

279.t0
7

0337 I .107 1.330 I.36r

8 332460 402473
0

293.00
0

320.00
0

282.2s
2

319.96
5

-0.7 48 -0.03 s 0.t 48 0.7 66

9 333063 402472
9

340.00
0

307.00
0

340.43
5

3 06.86
5

0.435 -0. 13 5 0.455 0.466

l0 3327 59 402540
2

295,00 | 247 .00
oro

294.7 t

7

247.62
4

-0.283 4.624 0.685 0.70 r

ll 33?648 40256 1

3

280.00
0

23 0.00
0

278.87
0

229 3q
5

- r.130 -0.605 1.282 t.312

t4 333s4s 402605
3

3 ss.00
0

166.00
0

+z"ooo

354,66
4

r 66.68
I

-0.3 3 6 0.681 0.7 59 0.777

l8 332331 4027 54
9

200.00
0

201 .12
I

46.778 l.l2l -0.222 1.143 1.170

l9 33 1 023 4027',Jg

2

80.000 90.000 78.792 90.777 - I .208 0.777 t.436 1.469

2t 330s40 402776
0

23.000 65.000 23.t66 65,023 0.166 0.023 0.168 0.172

22 3 30845 402646
2

85.000 186.00
0

84.28s 1 85.73
I

-0.71 5 -0.269 0.7 6s 0.782

ao = 330471 ,494 bn : 40?,8442,366 €rvo : 66283,620 bv,, : 401660.509

- 9.812
o2 = ' 2.441

br - -2.194 BV I : 0.096 bvr - -0,021

bz : -9.666 dYz - -0.024 bvz : -0.097

368

1 39i2424



Number 4 Volume 8 December 2002 Journal of Engineering

Table (a) GCPs subsets for testing the RMSE in the standard method

3 4 5 6 7 0 I {0 11 12 13 14 {r

Number of GCPs

Fig. (4) Standard RMSE as a function of the number of GCPs

CONCLUSIONS
l- The standard RMSE is found to provide good estimates of geometric error when the number

of control points is between l0-,l5 points.
2- The RI\4SE is affected mainly by the number of GCPs, the distribution of GCPs and the

RMSE for each GCPs.
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NOMENCLATURE
AE Absolute Error
c Column
GCPs Ground Control Points
GIS Geographical lnformrrion System
PAN Panchromatic
r row
RE Relative Error
RMSE Root Mean Square Error
SE Scale Error
SPOT Systdme Pour 1' Observation cle La Terre
UTM Universal Transverse Ivlercator
XS Multispectral
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