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DIFFERENTIAL RECTIFICATION OF DIGITAL OR DIGITIZED IMAGERIES

ABSTRACT

After a short introduction to the problem, firstly the direct
and the indirect method for differential rectification of di-
gital or digitized imageries are described. Ensuing the appli-
cation of these two methods to the rectification of digital
satellite images, digital aircraft images and to digitized two
dimensional 1images isdiscussed with regards to various aspects
connected with the problem. Some aspects are: restitution of
the exterior orientation, implementation of digital height mo-
dels, post-processing of the output image. The Tlast chapter
deals with data handling problems.
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INTRODUCTICH

!ith the beaginnina of space travel the develonrent of diaital
image recording, transmission and processing was pushed
essentijally. Haturally firstlv devices for diacital imaqe
recording the so called scanners and devices for writing di-
gital images were developned. Soon the Tast ones were used to
digitize ordinary aerial or other nhctograohy in crder to
apply the possibilities of dicital imace orocessina to them
too. The development of the scanner went on from those with
rotating mirror ontics to the so called linear solid state
scanners. In these scanners the scanninag line is samnled in
small, discrete adjacent sensor elements. It allows scanning
without any moving parts. The develonment tendencies aime to
two dimensional arravs. but the current state of technoloay
allows only to produce small areas of hianh resolution. Un te
now matrices of 380 bv 432 detectecrs are available (/1/).

The techniques and methods in diaital imaage srocessina have
teen pushed to high standards tco. This is true in reqard to
nardware asnects as well as in regard to scftware develope-
ments., But for a long time it was not naved attention encuah
to the first sten of image processing, the ageameiric recti-
fication. 2nlv since the other imaae processina rethods meet
niah standards, the necessity for hiah efficent differential
rectification methods hecame evident in qdeneral. The recti-
fication itsalf is performed in two steps. In the first sten
the transformation pnarameters tetween imaae and %errain coor-
dinates have %o be calculated and in the second step the
rectification has to be nerfeormed accordinn to these parame-
ters. Firstly the transformation narameters hetween the dis-
torted image and the ground control have to be determined.
There are existina different metnods, which can he divided in
two aroups (/2/, /2/). The most simnle methods datermine one
sat of transformation onarameters for the whole imaae accordinn
to a certain interpolaticn model (similarityvy transformations,
affin transformations, etc.) from available control at con-
trol points {/4/, /5/). This kind of methods can be sufficient
for relatively wundistorted imaqes (e.7.: satellite imagerv).
In general thev are called non parametric methods. In oonosite
to them are the narametric methods. which rectificate the im-
age data by rigorous relations between imaae and terrain co-
ordinates (collinearity equations). The variation of the un-
known exterior orientation parameters from line to line is
described by certain mathematical models (e.c.: polvnomials,
Gauss “arcov nrocesses). Usually the necessarv innut informa-
tion are control point coordinates. These rectification meth-
ods are able to consider recorded exterior orientation pa-
rameters, but in aeneral thev de¢ not bSecause of the low ac-
curacy level of the recordings. That snall be encugh for

this tooic. It will be treated in detail in another naper of
WG FLITAY (/6GF),

This paper deals with the second s*en of 4dingital rectification
the transfer of everv sinale picture element [(pixel) from its

235 .



actual position to the corrected location. For this task there
are existing only two methods, the direct and the indirect
method.

RECTIFICATION METHODS

8oth methods are usinag as input information the diagital or di-
gitized imaage, which means a rectangular matrix of m x n num-
bers representing the arey shades aj; (x. (i =1 ... m,

: V)
j =1 ... n) of the nicture elements’ Ro@ add column number

define the location of each pixel within the image.

The direct method calculates for each pixel of the rectanqu-
lar matrix an outout position in a rectangular coordinate
svstem. The arid structure however will be destroyed in the
output image. The indirect method aoes the reverse wav. For
each pixel of a rectangular outout grid this method calcu-
lates the corresnondina input position for the transfer of
grev shades.
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------------

.........

y ------ \( . \/ . Y ------
X X X X
Nirect “ethod Indirect “ethod
__% %——
computation of computation of the
outout nosition corresponding input

pixel to a given
outnut nixel

RECTIFICATION OF DIGITAL SATELLITE IMAGES

Digital images recorded from satellites are characterized by
a relatively good geometric quality, which is caused by the
quiet and stable flight behaviour of satellites. This means
that alsc simple or less ridorous rectification methods (non-
narametric methods) may suoonly with aood rectified imagery.
Using for exampnle a two dimensional polynomial of second or-
der we get the following formulas for the direct (1) and the
indirect (2) rectification method.
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Direct method:
- 2 2
X = a, + agx + ayy +oagxy t+ a,x- + agy (la)

2 2
Y = bO + blx + b2y + b3xy + byx= 4 bSy (1b)

Indirect method:

2 2
X = c_ + clx + c2Y + c3XY + c4X + c5Y (2a)
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X,Y: terrain coordinates
X,y: imaage coordinates

The parameters a, b or ¢, d have to be determined by a least
squares adjustment. The necessary observation equations can
be derived from eguation (1) reso. (2), which lead to two e-
quations for each control point. The disadvantace of the di-
rect method is, that it does not result in a reaular output
grid. Apart from the non recular grid, which will be ob-
tained, the output image has gaps and overlaps. That means
that from this image a reqular grid must be computed for the
digital image output device. This has to be done off-line
using the methods 6f digital image pnrocessing. In contrast to
it the indirect methed has the bia advantage that a reqularly
formed output grid will be obtained immediately.

However, the more efficient the sensors become (which firstlv
means higher resolution) the better the rectification methods
(parametric methods) have to be. Especially relief disnlace-
ment has to be taken into consideration. For images taken from
aircraft this is absolutely necessary, if qood rectification
results shall be obtained.

RECTIFICATION OF DIGITAL AIRCRAFT IMAGES

Digital aircraft images are characterized by relatively large
distortions and big relief displacements caused by wide scan
angles, if the surface has not been too flat. For the recti-
fication of aircraft scanner images therefore high efficient
methods (narametric methods) using rigorous formulas describ-
ing the relation between image and ground coordinates have to
be anplied. The collinearity equations are those rigorous re-
lations between image and terrain. Certain inaccuracies caused
by the exterior orientation parameters are unavoidable, he-
cause it is not possible to determine them for each imace

line ( recordings are to inaccurate up to now). The varia-
tions frem line to 1ine have to be modeled adequately in or-
der to bridge over controlless areas. Thus the various methods
differ from each other. Such methods can use polynomials,
Gauss Marcov processes (random nrocesses), Fourier Functions
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or something else. Apart from that unavoi-dable
following equations are the rigorous relations tetween
and terrain.

Direct method:

Qaq:X + Aq,.Y = @7,.C
; - 13 23~
X = (2 -17,4) N 12] 135", %o (3a)
a3ljx toago iy - a33jc
a X + A50.Y = @44:C
224 ik ;
Vo= (7 -17,,) £ Lk 2l (35)
J X 4 Aan:Y = d44.C 7
4313 3257 33j
Z = f(x,v) from a dizital heizht model [DHM;
Indirect method:
a X=X ) +a Y=Y Y+ (-7 )
DS S RSP Rl B RS RS Gl VL ria)
(X=X _ . V+a .. (Y-1 .)+ (Z-7 . ‘
dy34d OJ) 235" og) a“3g(L 03)
a5, (XY= Vta . (Y=Y V+a,,.(Z-2_.)
y o= -c 12J( 0] 223( CJ) 323( 03’ (15
=X YA, (Y=Y ) +a, -7 )
41341 o;) 233" 03) 83357 0i’
Z = fiX,Y) from a DJH'
With
c: calibrated focal lenatn
I w " i = 1...3, % = 1.,..3
a1kJ £ (rj, d)j’ K:) i k
j: index o0f the imane line
The exterior orientation parameters X,;, Yoi’lzci’ Wi
may be functions of the imane coordinates x7 v 2% used

instance for polynomials (/7/). & more adeauate wav %o

the time denendend courses of tre exterior orientation
meters can be the use of stcchastic (random) arncesses
is shown e.q. in /®/ and /9/.

Both methods {direct, indirect) need for 2 comnlete re
cation heiaght informaticon. The direct method needs a o
based on imange coordinates. But usually tha 2H'U's exis
rectanqular arids based on around coorcdinates. Therefo
height must be calculated by intersectina the zrojecti
with the surface of the DHY. This surface has to be mo
artificially bv usinag the surroundina discrete heiaght
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mation of several arid points. !'Isually the internolation be-
tween the discrete heinhts aoes linearly in X and Y if the
qrid is dense enouagh. The intersection has to be calculated
iterativelyv. The number of iterations strqnalv depends on the
around form and on the annroximate value % of the heijcht
which has to be c51 ulated. It is easy to obtain 7nod ap-
nroximate values Z. If firstly the around conrdinates of the
first and the last nixel of each line are determined hv in-
tersectinae the nrojection heams with tne DHYM, the 3pnroximate
values X, 7 and Z of the othzr nic*ture elements can he calcu-
lated very easily from the known pixel size and the known
aeneral direction of the nrojected line on *nh2 ~rcund !the
projection is not a straiacht line)

the intersection will be enquah,
the new values X,Y, Z from ¥, 7,

Usuallv one iteraticon o
acaus? the deviations of
will he within accentable

tolerances. Connected with this s the pnrnblem of hid-
den surfaces and multiole solutin A definit solution may
be found as exnlained for instance in /17/. Subseaquentlv *he
output imaae has to te processed bv means of diagital imane
nrocessinag too, because of th ans and overlans,

The indirect way needs the heisght infeormation Sased on a rec-
tanqular around coordinata arid. Usually CHI"'s 4o "2ave this
confiauration, eventually they have to te densified. From
JEM's based on triangle meshes, the rectanqaular arig has teo

be internnlated firstly.

Yhen calculatina the o0sition x, v of a nixel in the imane
snace the oroblam apnears, that we do not know, which nroiec-
tion center {(we nhave one for each line) belonas ta th2 around
pixel. A sonluticn for this nroblem can be found bv calcu-
lating the correct projection center iteratively, if the ori-
entation parameters depend on x and y (/11/). If they do not
(/9/) the solution can be very complicated. In this case the
direct method should be preferred.

RECTIFICATION OF DI

[ep]

[TIZED TUQ DIMENSIONAL IMAGES

Jicital image bprocessing and digital rectification respec-
tively mostlv have been used for remote sensina anplications,
but can be applied tc conventicnal imagerv too, if thev have
been dicitized before. For aerial photoaranhv then we have
the well known collinearity ecuations, which give us the re-
lation between around and imace coordinates.

all(x-xo) + a21(Y-YO) + a3l(Z-ZO)

X = -C (5a)
a13(X-XO) + aZB(Y—YC) + a33(Z—ZO)
3,,(X=X ) 4+ a,,(Y-Y ) + a,,(2Z-2 )

y = -¢ 12 5 22 0 32 0 (Eb)
513(K-(O) + a23(Y—YO) + a33(Z-ZO)

Z = f(X,Y) from a OH"
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The set of the six orientation parameters X,, Yy, Z, and w,
¢, « (ajk = f (w,6,%)) can be calculated for instance by a re-
section in space. Because we do have a two dimensional image
with only one corresponding projection center we do not have
coordination problems as exnlained above. Therefore we can
applv both methods (direct, indirect) without difficulties.
In this case the indirect method (formulas (5a), (5b)) should
be preferred, because then we can avoid to calculate a rec-
tangular output grid afterwards. The height information must
be based on a rectangular ground coordinate arid. Existing
DHM's eventually have to be densified or interpolated again
if they do not have rectangular meshes.

There are interestinag applications in terrestrial photoaram-
metry too, espnecially in the field of architecture photo-
grammetry, where often unwindable facades have to be reeled
off onto a olane, which can be done very comfortable by dig-
ital image processing methods as exonlained in /12/. For this
task an analytical formulation of the object to be rectified
is necessary in advance (the corresponding task in aerial
photoaranhy would be the implementation of a DHM). Thus we
are able to calculate rectified object coordinates of each
picture element and its position in the projection. In this
case the indirect method has the same advantaages as ex-
nlained above for aerial nhotoqraphy and can be used very
successfully for diagital rectification.

DATA HANDLING ASPECTS

Jdata handling is the biacgest problem of digital differential
rectification. BSecause of the very larcge aquantity of data,
which has to be processed, an cptimal data handling concept
will help to save time and costs. Operational nrograms should
find a reasonable middle coarse between storage and com-
puting time requirements. Roughly said time and storage are
reciprocal to each other. As storage in core usually is a
1imiting factor the rectification has to be done in blocks.

Cons.iuerinag the direct rectification method using colline-
arity equations, we are able to estimate the extent of an
output matrix, which is necessary in order to rectify one
single image line on-line by directly addressing in core.

The extent of the matrix we get from simplified differential
equations (6). They are true for a central perspective linear
array scanner.

8
68X ax = - has - h tan 5 ax (5a)
AY = tan & a7+ h(1+tan® $)su (5b)

max 7 0 z

The scanner characteristics are assumed to be:
resolution 13 um, ¢ = 24 mm, scan angle 8 = 500 and 1728 nic-
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ture elements per image line. This corresponds with the elec-
tro ontical (linear array) scanner of MBR (comnare /14/).

The deviations of the orientation parameters are assumed to
be within the following values (compare /13/):

87, < 0.02h,  u < 89, 44 « 5%, i <« 10¢

In the worst case, if all the deviations have the same sian,
we get, expressed in pixels of ground resoluticn:

IAX = 300 [rsu]

maxl

[8Ynax] = 200 [rsy]

Therefore we should have an output matrix of not less than
500 x 2122 elements, if we would like to address the outnut

pixels directly in central memory.

g 55 0 D O 2 O 500
1728
2128
Input Image Line Qutput Imaae Matrix

But even this output matrix of 1.2% “byte, which is only able
to allow direct addressing for one sinagle image line, is too
large for the core storage. Therefore it is necessary to di-
vide the outout matrix into submatrices or blocks both by the
line and bv the column. The best way to do it, is to create

a direct access file of some records, whose lenants corre-
spond with the submatrix size. In this way the elements of an
input matrix of for example 2000 x 1728 pixels can be trans-
ferred Tine by line to the output matrix of 2600 x 2128 ele-
ments which may be divided into 80 submatrices of 266 x 266
elements.
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T
266 |
266 "'T—
—_ =
1 oo
2000 ““T—‘:‘-‘f‘ - 2600
1728
2128
Input Matrix Qutout Matrix
(actual reauired (actual required storage:
storage: 1 line) submatrix of 265 x 266

elements)

This direct access technigque has the big advantage, that the
central memoryv demand, which is the main limiting factor of a
computer, can be lowed down to the absolute minimum if the
submatrix size is made very small. Therefore such digital
ractifications even can be done on minicompnuters, which usu-
ally have a core memorv capacity from 32 K-bytes, up to 256
K-bytes and direct addressable disk cartridges of several
M-bvtes. By it computing times will rise, but that is no 1im-
iting factor, because minicomputers usually belong to a small
circle, which does not employ the computer to capacity.

Equal considerations are true for the indirect rectification
method with chanaged signs. In this case the output imaae is
nandled sequentially line by Tine and the input image has to
be stored divided in submatrices and direct accessible.

Computina times can be lowed down essentially, if only some
pixels are transferred using collinearity equations and digi-
tal height information. To the bpicture elements located with-
in those corner points simple rectification methods (e.q.
interpolation models) can be apnlied to. But reducing com-
puting times by this way could be nayed by a certain loss of
accuracy.

An interesting possibility for digital differential rectifi-
cation of aerial photography in connection with a microden-

sitometer was shown in /15/. Using the indirect rectification
method for each pixel of the output matrix the corresponding
input position is calculated using the rigorous equations and
height information from a DHM. Then the densitometer is moved
by servomotors into this position in order to take the grey

shade of the pixel. The grey shades are stored on a magnetic
tape. This method can be done with a relatively small comput-
er, because there are only low demands on storage cabacity.
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