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1. Introduction 
Aerial scanner images in terms or geometry, resolution, and 

~idelity depart radically ~rom their photographie 
counterparts. Geometrie distortions o~ the scanner images are 
caused mainly by combination of' the dynamic image generation 
with the variation of' the ext.erior sensor orientation during 
the f'light time. They are rather complicated because ~he 

c distortions superimpose to the derormations introduced 
by the errors of' interior orientation elements of' the sensor. 

The correction of' these image derormations requires either 
representation of' data orientation parameters or a dense set of' 
ground control nts. However, the time dependent orientation 
data measured by aircraf't inst.ruments are till now directly 
known with adequate accuracy. From the other hand, the 
identif'ication o~ 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. 
1972, 1976, 1976], [Baker eta ale 1976] p [Ebner 1976], [Kraus 
1976], [Gopf'ert 19S1], [Weisel 19S13 and [Schur 19S33. The 
method presented in the paper uses both attitude data 
(parameters measured during the f'light) and terrestrial data 
(ground control pOints)" and can be applied to correction of' 
single scanner i taken f'rom an aircraf't. Digital terrain 
model (DTM:> 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 di gi tal data stored on CCT 

(which contain also video data and f'light parameters) and 
coordinates of ground control points as well as DTM terrain 
information, which can be rrom large scale maps. 

The exterior orientation data are denoted as: 

where: i = 1, ... ,I - number of' xel line 
X ., Z . - ground coordinates or instantaneous 

Ot Ot 
projection centre f'or pixel line i (at the beginnig 
known only in rlight local coordinate system and 
there~ore, later transrormation to ground coordinate 

is red), 
CA)., f:J. I' n. es o~ instantaneous scanner orientation 

t t t 
ror pixel line i. 

The coordinates or ground control 

coordinates are expressod as: 
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{ Rn} = { Xn , Yn , Zn' in' J n } 

where: n = t •... ,N ~ 11 - number of ground con~rol points, 
i - line number,. j - pixel possition in ~he line (image 
visualiza~ion is required for de~ermina~ion of these 
coordinat.es). 

The set. of coordinates X , Y ,. Z (D T M) of freely dist.ribut.ed m. m. m. 
point.s (which inform about. terrain relief) is denoted as: 

{Tm} = { Xm, Ym' Zm} 
where: m. = 1, ... "M - number of D T M points. 
The t.errain relief information {T) given by int.erpolat.ion m. 
using two dimensional t.hird order splines [Zavijalow 1980]. 

2.1. Correct.ion funct.ions 
For t.he images t.o be correct.ed t.wo empirically est.ablished 
funct.ions are used [Pyka 1986]: 
a) basic 

dX"= fx(X""y') = Ao + AtX"+ AeY"+ A~,2+ A4X'Y'+ AöY'Z+ 

where: dX", dY' - correct.ions changing pixel possition 
reference plane shown in Fig.1) t.o correct place (point. 
X", Y" ground coordinat.es calculat.ed according 
collinearity equations for scanner imagery [Konecny, 
using e~erior orientation data ,{Q) and image pixel 
coordinates i and j of control points. 
b) auxiliary 

i = F (X"Y) = C - C X - C Y - C X2y - C XY - C y 2 
x Ot 23 4 es 

C X
3 

- C X
3 y 

6 7 

j = F CX, Y) = 0 - D X 
:y 0 t D Y D X2 

- D XY - D y
2 

2 - 3 4 es 
a a a 2 2 D6 X - D7 X Y - DgXY - DgX Y ... 

(ta) 

(tb) 

(on t.he 
RU) , 

t.o 'lhe 
19713 , 

1"'( i "j) 

(2a) 

Cab) 

X,Y-ground coordina'les of control poin'ls de'lermined in set. {R ) 
n 

The coefficient.s A,B"C,D of basic and auxilliary correct.ion 
func'lions are ob'lained by least square sol ut.ion of equa'lions 
(1) and (2) for N groundcon'lrol poin'ls. 

Regist.ered during t.he flight. a'lt.i 'lude parameters (ext.ernal 
orient.ation element.s) are not errorfree and have syst.ematic 
charact.er [SChuhr and KonecnY p 19S41. Therefore, simple formulae 
(1) can be used satisfactorily for comput.at.ion of correc'lion 
vec'lors dXPdY: and 'lo eliminat.e t.he errors from 'lhe da~a {Q) . 
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As we don'~ know ~he charac~er of ~he errors. we should also 
consider o~her errors sources of" scanner images (elect.ronic 
dis~or·t.ion9 at.mospheric ref"ract.ionl' ef"f"ec~ of" t.errain relief"). 
I~ is t.he reason why ~he special polynomials (f) were 
empiricaly det.ermined wi~h t.erms which ignore geomet.rical 
int.erpret.a~ion of" par~icular coef"f"ici ent.s. 
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Fig.1 SChema~ic presen~at.ion of" t.he correct.ion procedure idea 
(R - con~rol poin~s) 

For comput.at.ion of" unknown coef"f"icien~s A ••• 
1 

and B 
1 

of 

f"ormulae (f), each ground cont.rol poin~ is used for 
det.erminat.ion of: 

X',Y' coordinat.es using and collineari~y equat.ions and {Qi) 

da~a (pixel r is projec~ed ~o R'- Fig.1), 
X", Y" coordinat.es which can be found as t.he int.ersec~ion of 
s~right. lines RO.CFig.1) and reference plane a Ct.errain pixel 

\. 

R is project.ed on~o RU), 
coordinat.e dif"ferences dX" == XIS - X· and dY' == Y" - Y'. 

The horizon~al reference plane a is passing t.hrough ~he mean 
high~ of t.he ~errain. The differences in t.errain height.s have 
t.o be ~aken in~o accoun~ during ~he correct.ion process. I~ is 
done when (T ) DTMI' exterior orient.at.ion da~a and collineari~y m 
equa~ions are used for compu~at.ion of ground coordina~es X~.Y9. 

The auxiliary special polynomials (2) f"orm t.he funct.ion no~ 
parame~ric ~ype Chave been found empirically) 9 and express 
image coordinat.es Ci,j) as func~ion of ground coordinat.es 
CX 9 Y). 
In case when mechanical scanner is used ~he image coordinat.es 
of lef~ side in equa~ion C2b) should be relat.ed t.o scan angle 
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Cj-jo) Fig.1. There~ore the auxiliary parameter k is 

introduced for computation of coordinates j = c.k 
k = tgCj - jo:> IFOVb (3) 

where: jo - posit.ion o~ central pixel in line i CFig.1)1' IFOVb 
- lnstantenous Fietd 01 View along line i. 

2.2. Formation o~ corrected image Cresampling) 
For gray level adjust.ment. and ~ormat.ion o~ corrected image, 

the indirect method is applied. It means t.hat. for a corrected 
image plane and for any terrain pixel CX,Y,Z) - t.he posit.ion of 
corresponding original image pixel is t.o be found [Konecny and 
Schuhr, 1975]. 

The process consist.s of t.he following calculat.ions 
ilust.rated also partlyon Fig.2: 
I For image pi xel Ci, j:> of poi nt. p Ci, j) the gr ound 

coordinates X,Y are established. DTM are used to developed 
the height Z of point. PCXI'Y) - Fig.2. 

I I - For cal c ul a ti on of pi xel p image COOl'" di na t.es Ci, j:> t.he 
formulae (2) ~ and established in st.ep I corresponding 
ground coordinates CX,Y) are used. The formulae (2) 
compensates only apart. of geomet.ric deformat.ions and 
aproximation are worse when differences int.errain 
heights increase. 

III The t.errain pixel PCX,Y,Z) is projected ont.o t.he 
reference plane ~ from the projection center point. 0i -

as a resul t. of int.ersect.ion wi t.h a re~erence plane, t.he 
coordinat.es X", Y" are obtained C poi nt. = pixel P is 
trans~ered to point. PU). 

Fig.2. Illust.ration o~ st.eps in format.ion of correct.ed 
correct.ed scanner image CP - rererence pixel see Fig.3) 
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IV - Using orient.at.ion dat.a and collineari equations t.he 
image pixel pCi~ is also project.ed in t.he same way ont.o 

ane ~,. but. to pixel P'CX~,Y"). 
V - The correction vactors dXP, dY' obt.ained from the formulae 

C t:> are assigned t.o each xel P" CX" ,. Y") and then, t.he 
following condit.ions are examined: 

X ' + dX" = X oe ( 4) 
Y" + dY" = y·· 

For compatibili t.y of above equat.ions, t.he accuracy of 
correct.ion procedure is assumed (eg. ± 1 PX where PX is 
pi xel si ze of cor r ect.ed i mager y) . I f the condi t.i ons C 4:> 
are fulfilled,. t.he procedure is moved t.o accomplish st.ep 
VII. Usually, during the first. iteration the conditions 
are not fulfilled and VI is needed. 

VI - The i t.erati va based on the concept. gi yen by 
[Schuhr, 1983] is applied to compute new image 
coordinates which replace the one calculat.ed in step 11. 
In this procedure t.he correct.ions (.6i,. .6j:> are added t.o 
t.he ini tial coordinates (i,. j:>. New image pixel 
p[( i+.6.i),. Cj+.6j:>l is then project.ed ont.o t.he reference 
plane ~ using t.he same data and equat.ions like in step IV, - -and new point 'CX',Y') Fig.2 is comput.ed. Now 
calculations ment.ioned in st.eps I t.o V are repeated :for 
t.his point., and condit.ions (4:> are checked. If it is not. 
:fulfilled further - adecision should be 'laken eit.her t.o 
change a signs or the values of' new corrections. It. is 
con'linued unt.il 'lhe condi'lions (4:> have been fulfilled. 

VII To comput.ed pixel p.O(X",. YU
) - for which condi 'lion (4:> is 

performed - the iden'lifica'lion of' t.he input. pixel and t.he 
t.ransf'er of' its gray shade const.it.u'les t.he neares'l 
neighbourhood assigment. 

I central·pixels 123 .•• 
i 

-li-BI 

Fig.3 Resampling Cright side - the output image of t.he mesh 
size 30x16 pixels wi'lh four ref'erence pixels; left. side 
- the input image overlay on 
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Thereby,. a correc"ted (rec"tif'ied) image can be f'ormed 
succesively - pixel by pixel. In in view of' numerical procedure 
i"t is a "time consuming process. Theref'ore, i"t is applied "to "the 
ref'erence xels only (see Fig.3). For pixels which are loca"ted 
wi"thin "tha"t ref'erence mesh, "the correc"tions can be calcula"ted 
using simple in"terpola"tion ("the bilinear in"terpola"tion was 
applied [Schuhr,. 1983]. Only cen"tral pixel area sized by 3x3 
pixels (see Fig.3) were correc"ted in "this way. For "the 
remaining eigh"t pixels, which surround "the cen"tral pixel, "the 
in"tensi"tY values of' gray shade are "transf'ered direc"tly f'rom "the 
eigh"t neighbours of' cen"tral image pixel (i,j;). 

3. Resul"ts of' "tes"ting 
The proposed me"thod was applied to correc"tion o:f two scanner 

images taken f'or two dif'f'erent "tes"ting areas. (Image A in FRG 
and Image in Poland). The technical da"ta of' the terrain and 
images are listed in table 1. The same [Schuhr. 19831 or 
similar [Rose, 1984] images taken by tls Bendix scanner, and 
rSabos. 19821 "taken by C 600 scanner were correc"ted. 

1 

2 

:3 

4 

6 

6 

7 

8 

9 

Table 1 
Technical da"ta of' A and S images and f'ield used f'or testing 

Type of' data Image A Image B 
uFreiburg U uSroda Sl.88 

Data 1976.06.14 1978.07.18 

Scanner type/f'ield of' view M2 S Bendix/100 C 600/28,.6 

Heigh"t of' f'ligh"t m 2300 6300 
Speed km/h 240 470 

Variation of' ext.ernal high f'or "the high f'or "the 
orien"ta"tion elemen"ts whole scene :firs"t 100 lin 

Pixel size: 
1,3 * 2,2 2,6 1.3 angular [mrd2

] * -
I FOVa*I FOVb a-along f'ligh"t b-along line 

- terrain at nadir rm2
] 3,1 * 6,1 16,4 * 8,.2 

- t.errain at the end 
of' scan line [m2

] 4,8 * 12,3 16,9 * 8,.7 

Image size: 
- number of' pixel per 2900*803 == 1800*384 == 

line x number of' lines = 2,,3 mln == 0,7 mln 
- area covered [km2

] 9*5,,6 == 60 29,.6*3,,3 == 97 

Terrain relief' charac"te-
rist.ics:- average slope 7° 1° 

- maximal dif'f'e-
rence in hight. 600 m 60 m 

Number of' points used to 
f'orm DTM 196 -

Total number of' ref'erence 
and control point.s 166 114 
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The mul~ivariant compu~ations have been carried ou~. In this 
computa~ions various numbers o~ ground control points and terms 
o~ polynomials used ~or correction have been altered. Chosen 
results are listed in table 2. 

Table 2 
Results o~ correction when various number o~ 

con~rol points and ~erms o~ correction ~unction are applied 

V No. Form o~ correction RMSE a~~er correction 
a o~ ~unction applied wi'lhou~ with 
r con- orienta'lion orien~a-

i trol Image A var. 1-6 ratio tion 
a po- Image B 6-8 

a/b elements 
int.s var. me'ler pixel pixel meter-n 

t Ca) Cb) 

Image A 

1 2 wi~hout corrections n;c 82 261'2 6,7 4,6 14.4 

my 139 19.8 3.6 6,7 40 

n;c,y 161 32,8 4,6 7,3 43 

2 16 Fx2 , FY2 ~ormulae(2) mX 67 18,1 4,8 3,,8 11,9 

my 67 8,1 2,9 2,8 19,8 

~x2'~Y2 ~ormulaeCl) n;c,Y 81 19,8 4,,2 4,7 23 

3 32 Fx3 ,FY3 
~ormulae(2) n;c 32 10 p 2 3,8 21)7 8,6 

my 39 6,6 21)6 2,,1 141)7 

~x31)~Y3 ~ormulaeCl) n;c,Y 60 111)6 31)4 3,4 18,,0 

~ormulae Cl), (2) with 
4 64. FX4 

FX
3

+C
8

*x:2*y:2 24 7,6 3,,3 2,3 7,1 = n;c 
FY4 

a 21 3,0 1,7 1,,8 12,4 = Fy3 +D10*Y my 
~x4 

a :2 32 8,2 2,8 2,9 14,3 = f"x3 +A10*X *Y ~I'Y :2 4-
f"y 4 = ~Y3+B12*X *Y 

formulae Cl) I'(2) wi~h 

F:xe= " 14,3 4,.6 2,6 1,8 6,,8 Fx4 +C9 *X n;c 
6 ~28 FX = 

a ~ 18,1 2,6 1,7 1,,6 10,,4 
6 Fy 4+°11 *X *Y my 

f":xe= 
~ 3 23,1 6,3 2,3 2,3 11,,9 f"x 4 +A11 *X *Y ~"Y 

f'X = 
3 ~ 

6 f" Y4+B13*X *Y 
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Table 2 

Image B 

f'ormulae C2) ~ 66 3,9 1,2 3,2 63 

6 2 IDy 76 91'1 1,4 6,.3 63 ' 

f'ormulae Cl) mX,y 100 9,9 1,4 7,1 76 

~ 63 31'2 1.7 1,9 32 

7 16 .. 
IDy 47 6,6 1,8 3,1 26 

~,1Y 71 6 p 4 1,8 3,,6 41 

~ 32 1,9 1.6 1.2 20 

8 30 oe 

IDy 29 3,4 1,,9 1,8 16 

~,y 43 3,9 1,8 2,2 26 

To iden~if'y ~he con~rol poin~s in ~he image B ~he line prin~er 
was used f'or genera~ion of' quasi half'-~one image. The same 
~echnique was applied f'or genera~ion of' images shown in Fig.4. 

Fig.4 Presen~a~1on of' original Clef'~) and correc~ed images 
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4. Conluding remarks 

The procedure conrirmed ~ha~ ir more accura~e a~~i~ude 

parame~ersp ~he rewer ground con~rol poin~s are required. 
The errors or ~he sensor orien~a~ion elemen~s measured 

during ~he rligh~ are mainly sys~ema~ic errors and ~hererorep 
~he correc~ion runc~ions have rela~ively simple rorm. 

In ~he proposed procedure ei~her all orien~a~ion parame~ers 
or only ~hose which s~rongly arrec~ ~he image geome~ry should 
be applied. In comparison wi~h o~her procedures which do no~ 

use a~~i~ude parame~ers~ ~he number or required con~rol poin~s 

is reduced ~wice or even ~hree ~imes delivering ~he same 
level or accuracy. 
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