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i. Introduction

Aerial scanner images in terms of geometry. resclution, and
fidelity depart radically from their photographic
counterparts. Geometric distortions of the scanner images are
caused mainly by combination of the dynamic image generation
with the wvariation of the exterior sensor orientation during
the flight time. They are rather complicated because the
dynamic distortions superimpose to the deformations introduced
by the errors of interior orientation elements of the sensor.

The correction of these image deformations requires either
representation of data orientation parameters or a dense set of
ground control points. However, the time dependent orientation
data measured by aircraft instruments are till now directly
known with adequate accuracy. From the other hand, the
identification of a large number of ground control points
appears a time-consuming procedure.Since 1970’s various methods
of scanner image correction have been developed [Konecny 1971,
ig72, 1978, 19761, [Baker et.2l.1975], [Ebner 19781, ([Kraus
19761, (Gopfert 19811, [Weisel 1981] and [(Schur 1883]. The
method presented in the paper uses both attitude data
Cparameters measured during the flight) and terrestrial data
Cground control pointsd), and can be applied to correction of
single scanner images taken from an aircraft. Digital terrain
model (DTM2 is necessary when relief of the terrain
contributes to radial distortion higher than a pixel size.

2. The method of correction

The input data are scanner digital data stored on CCT
Cwhich contain also video data and flight parameters) and
coordinates of ground control points as well as DIM terrain
information, which can be gathered from large scale maps.

The exterior orientation data are denoted as:
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where: ¢ =1,...,I - number of pixel line
X ., Y _. Z ., - ground coordinates of instantaneous
ol ot’ ol
projection centre for pixel line ¢ Cat the beginnig
known only in flight local c¢oordinate system and
therefore, later transformation to ground coordinate
system is requiredd,
@ ¢£, %, angles of instantanecus scanner orientation

for pixel line ¢.
The coordinates of ground control points Xn, Yn’ Zn and image

coordinates in’ J.. are express~>d as:

n
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where: n = £,.. - number of ground control points,
i - line number, J ~ pixel possition in the line (image
visualization is required for determination of these
coordinates>.

The set of coordinates Xm, Ym’ Zm (DT M of freely distributed

points (which inform about terrain relief) is denoted as:

{2} -{x v, 2 )

where: m = 1,...,M - number of D T M points.
The terrain relief information < Tm> given by interpolation

using two dimensional third order splines [Zavi jalow 189801.
2.1. Correction functions

For the images to be corrected two empirically established
functions are used [Pyka 198%5]:

ad) basic
L » » P » > 2 LT =
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+ AGX’ % A7X’ Y*+ Asx 2y» 2, AQX
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3 2 a C1dd
+ 86X + B7x 2y 4 BaY’ 3 BQX’ 2y.2, Bzox By 24 Bftx Y+ 3.
where: dX®, d¥Y® - corrections changing pixel possition Con the
reference plane shown in Fig.1) to correct place (point R,
X, ¥ =~ ground coordinates calculated according to the

collinearity equations for scanner imagery [Konecny, 18711,
using exterior orientation data ,{Q> and image pixel rCi,jd
coordinates ¢ and j of control points.

b2 auxiliary

. = _ - _ 2, _ _ 2
it o= FXCX.Y) Co C1X CEY Csx Y C4XY C5Y
a s C2ad
- C6X - C7X Y ...
C = - _ _ _ z _ _ 2 _
J FyCX.Y) DO Dlx DZY Déx D4XY D5Y
C2bd

8 8 8 2,2
Dbx D7X Y - D8XY Dbx ...

X,Y-ground coordinates of control points determined in set {Rn}

The coefficients A,B,C,D of basic and auxilliary correction
functions are obtained by least square solution of equations
C1> and 2> for N ground control points.

Registered during the flight attitude parameters C(external
orientation elements? are not errorfree and have systematic
character [Schuhr and Konecny.1984}. Therefore, simple formulae
C12> can be used satisfactorily for computation of correction
vectors dX’dY;, and to eliminate the errors from the data <{Qr

121



As we don’t know the character of the errors, we should also
consider other errors sources of scanner l1mages (electronic
distortion, atmospheric refraction, effect of terrain relief).
It is the reason why the special polynomials (f) were
empiricaly determined with terms which ignore geometrical
interpretation of particular coefficients.
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Fig.1l Schematic presentation of the correction procedure idea
(R - control pointsd

For computation of unknown coefficients Ai" and 81 .. of

formulae (7D, each ground control peint is used for
determination of:
- X’,¥" coordinates using and collinearity equations and {Qi}

data (pixel r is projected to R'- Fig.1D,
= X", ¥ coordinates which can be found as the intersection of
stright lines ROtCFig.lb and reference plane o (terrain pixel

R is projected onto R"™),
~ coordinate differences d{’* = X" - X®' and dY® = ¥ - ¥Y°.

The horizontal reference plane a is passing through the mean
hight of the terrain. The differences in terrain heights have
to be taken into account during the correction process. It is
done when {Th> DTM, exterior orientation data and collinearity

equations are used for computation of ground coordinates X°,Y’.
The auxiliary special polynomials (23 form the function not

parametric type (have been found empiricallyd, and express

image coordinates (1,30 as function of ground coordinates

CX,YD.

In case when mechanical scanner is used the image coordinates

of left side in equation (2b) should be related to scan angle
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Cj-jo) - Fig.1. Therefore the auxiliary parameter k is

introduced for computation of coordinates j = ¢.k

k = tgCy -~ jo) IFOVb 3
where: jo - position of central pixel in line ¢ (Fig.10, IFOVb
~ Instantenous Field of View along line ¢t.

2.28. Formation of corrected image (resamplingd

For gray level adjustment and formation of corrected image,
the indirect method is applied. It means that for a corrected
image plane and for any terrain pixel (X,Y,2) - the position of
corresponding original image pixel is to be found [Konecny and

Schuhr, 1975]. ‘

The process consists of the following calculations
ilustrated also partly on Fig.a:

I - For image pixel (i,j0 of point p (i, the ground
coordinates X,Y are established. DITM are used to developed
the height Z of point PCX,YD> - Fig.Z2.

IT - For calculation of pixel p image coordinates (i, o the
formulae (&), and established in step I corresponding
ground coordinates (X,¥Y) are used. The formulae (20
compensates only a part of geometric deformations and

aproximation are worse when differences = interrain
heights increase.
III - The terrain pixel PC(X,Y,20 is projected onto the

reference plane o from the projection center point C& -

as a result of intersection with a reference plane, the
coordinates X",Y" are obtained C(Cpoint = pixel P is
transfered to point PY),

T
% /K@ PX,Y,2)

Fig.2. Illustration of steps in formation of corrected
corrected scanner image (P - reference pixel see Fig.3)
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- Using orientation data and collinearity equations the

image pixel pli,. 2 is also projected in the same way onto
plane o, but to pixel P’CX’,Y’D.
The correction vectors di’, d¥Y’ cobtained from the formulae
(12 are assigned to esach pixel P°CX’,Y'D) and then, the
following conditions are examined:
X* + dX* = X C4>
¥ + dY’ = Y
For compatibility of above equations, the accuracy of
correction procedure is assumed Ceg.* 1 PX where PX is
pixel size of corrected imagery>. If the conditions (40
are fulfilled, the procedure is moved to accomplish step
VII. Usually, during the first iteration the conditions
are not fulfilled and step VI is needed.

- The iterative procedures based on the concept given by

[ Schuhr, 19821 is applied to compute  new image
coordinates which replace the one calculated in step II.
In this procedure the corrections CAi, Aj> are added to
the initial coordinates Ci, g2, New image pixel
plCi+ALd, Cj+Ajy2] is then projected onto the reference
plane o using the same data and equations like in step 1V,

and new point P’CX’,?’D - Fig.2 1is computed. Now
calculations menticned in steps I to V are repeated for
this point, and conditions (42> are checked. If it is not
fulfilled further - a decision should be taken either to
change a signs or the values of new corrections. It is
continued until the conditions (4> have been fulfilled.

- To computed pixel P"(X",¥") - for which condition (40 is
performed -~ the identification of the input pixel and the
transfer of 1its gray shade constitutes the nearest
neighbourhood assigment.

output image
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{
#* % # 1 #
. 30415
* .
reference - pixels pixels
& central pixels 123 .. 36
i ”3 i
HiH i
18] 3%
Fia g %

Fig.3 Resampling Cright side - the output image of the mesh

size 30x18 pixels with four reference pixels; left side
- the input image overlay on outputd
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Thereby, a corrected (rectifiedd image can be formed
succesively — pixel by pixel. In in view of numerical procedure
it is a time consuming process. Therefore, it is applied to the
reference pixels only (see Fig.3). For pixels which are located
within that reference mesh, the corrections can be calculated
using simple interpelation C(the bilinear interpolation was
applied [Schuhr, 1883]. Only central pixel area sized by 323x3
pixels (see Fig.3) were corrected in this way. For the
remaining eight pixels, which surround the central pixel, the
intensity values of gray shade are transfered directly from the
eight neighbours of central image pixel (i, jo.

3. Results of testing

The proposed method was applied to correction of two scanner
images taken for two different testing areas. (Image A in FRG
and Image in Poland). The technical data of the terrain and
images are listed in table 1. The same [Schuhr, 19821 or
similar [Rose, 1984] images taken by M°S Bendix scanner, and
[Babos, 1982] taken by C B00 scanner were corrected.

Table 1
Technical data of A and B images and field used for testing
Image A Image B
Type of data “Freiburg® “Sroda S1."
1 Data 1976.08.14 1978.07.18
2 Scanner typesfield of view M?S Bendix~ 100 C B80o28,86
3 Height of flight m 2300 8300
Speed kmh 240 470
4 Variation of external high for the | high for the
crientation elements whole scene first 100 lin
8 Pixel size:
- angular [mrd-] 1.3 » 2.2 £,0 % 1.3
IFOVa*IFOVb a—along flight | b-along line
- terrain at nadir [m°] 3,1 % 5,1 16,4 »* 8,2
- terrain at the end 2
of scan line [m™] 4,8 3% 12,3 16,9 » 8,7
& Image size:
- number of pixel per 2900%#803 = 1800384 =
line x number of lines = 2,23 mln = 0,7 mln
- area covered [kmZ3] 9¢5,8 = 50 £29,5%3,3 = 97
7 Terrain relief characte-
ristics: - average slope 7° 1°
-~ maximal diffe-
rence in hight 500 m S50 m
8 Number of points used to
form DTM 188 -
2 Total number of reference
and control points 166 114
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The multivariant computations have been carried out. In
computations various numbers of ground control points and terms
of polynomials used for correction have been altered. Ch

results are listed in table 2.

Tabl

Results of correction when various number of
control points and terms of correction function are applied

this

osen

e 2

V| No. Form of correction RMSE after correction
al of function applied without with
r| con— orientation "orienta-—
iftrol Image A var. 1-5 ratio tion
al po— _ a-b | elements
n| ints Image B var. 5-8 meter |pixel pilxel | metelr
t Cad Cbho
Image A
i} 2 without corrections mx 82 26,2 5,7 4,6 14,4
my, iz 19,8 3,8 8,7 | 40
my i61 32,8 4,5 | 7,3 | 43
2 16 an,F‘y2 formul ae(2D my 57 | 18,1 4,8 | 3,8 11,9
mY 57 8,1 2,9 | 28,8 19,8
fxa,fyé formulae(lid my 81 19,8 4.2 | 4,7 | 23
3 32 F‘xa,F‘y3 formul aeC2D my 32 10,2 3,8 N 8,6
m,, 39 5,5 2,681 2,1 14,7
fxé,fyé formul aeCl) my v 50 11,86 3.4 ’ 18,0
formulae (12,280 with
4 684 . 2.2
Fx4 = Fx3+C8*x ®Y my 24 7,6 3| 2,3 7,1
Fy, = Fy3+Dlo*Ys m,, 21 3,0 | 1,7]1,8 |12,4
£x, = fx3+A10*x”*Yz me o 32 8,2 | 2.8| 2,9 14,3
_ ' 2_.4 ’
fy4 = fy3+312*x Y
formulae C12,(22 with
Fg= Fx4+c:g*x‘ my 14,3 a,8 | 2,81, 5,8
5 128 [Fyg= F‘y4+D11*X3*Y5 my 18,1| 2,8 | 1,7| 1,8 [10,4
£3= fx4+A11*X5*Y3 m | 23,1 85,3 | 23|23]|11,89
_ a_.,5 *
Tyg= Ty B X =Y
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Table 2

Image B
formulae (22 mX B85 2,8 i.,2] 3,2 853
8 2 mY 78 9,1 i.4 , 52
formulae C1D2 mx ¥ 100 9,9 1,4 7,1 78
mx 53 3,2 271 1,9 32
7118 o mY 47 5,6 81 3,1 26
mx Y 71 6.4 8] 3,86 41

®

mx 32 1,9 1,61 1.2 20
830 o mY 29 3,4 i.,911.,8 15
mx y 43 3,9 1.8 2,2 es

To identify the control points in the image B the line printer

was used for generation of gquasi half-tone image.

The same

technique was applied for generation of images shown in Fig. 4.

Fig.4 Presentation of original (left) and corrected images
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4. Conluding remarks

The procedure confirmed that if more accurate attitude
parameters, the fewer ground control points are required.

The errors of the sensor orientation elements measured
during the flight are mainly systematic errors and therefore,
the correction functions have relatively simple form.

In the proposed procedure either all orientation parameters
or only those which strongly affect the image geometry should
be applied. In comparison with other procedures which do not
use attitude parameters, the number of required control points
is reduced twice or even three times delivering the same
level of accuracy.
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