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ABSTRACT

Theoretical algorithm basis and block diagram for satellite
photograph rectifying are presented, considering and esta -
blishing the following ltems:

- exterior orientation elements of the satellite photographs,
using the comxrasponding points photograph-map;

- geographic grid used in photomap compilation ( in stereo -
cartographic projection, secant plan);

- projective transform coefficients of the satellite pho%o-
graphs within the stereo-projection plan, using photograph
division into section/part, which can be rectified;

~ element computations as Iinput data for the photorectifier
reading device, which can be rectified during one single
stage or more stages, as the case stands.

General features of the computation programme and some consi=-
derations regarding possibility to apply the above mentioned
methodology are, also, given in this paper.

INTRODUCTION

The latest reseaxches concern with the space image uses to de-
velop topographic basis, to compile small scale thematic maps,
respectively within fthe various remote sensing programmes re—
lated to remotely sense the Barth from space, many recording
systemsare used, among which the conventional photogrammetric
one must be mentioned.

In order to solve various problems related to map updating
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Figure l. Block diagram of the numerical rectification
Subprograms of the diagram having the following functions

OREXRIG - finds out elements of exterior orientation
REGEFO - works out geographic network on photogram
COORSTE -~ works out geographic network on photomap
COTRAN - finds out coefficients of projective

GPART - partition of the photogramme

REDRES - calculates elements of rectification
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and certain small scale thematic map compilation, photogram-
metric equipment and methods suitable to special conditions
of taking ground photographs from space can be used,when pro-
per complex systems are not in hand. Such an equipment is a
computer - assisted photorectifier,which can make an analyti-
cal rectifying;thus,a photomap,satisfying the needed carto -
graphic projection and scale, can be compiled. The block dia-
gram of the technology answering this purpose is shown in Fi-
gure l.

l. ESTABLISHMENT OF THE EXTERIOR ORIENTATION ELEMENTS

Exterior orientation elements of photograph, H, BN’ LN,of,uJ,
3, using the corresponding points (photograph-map), are
established within the first OREXRIG block of the diagram. Ex-
terior orientation elements (the interlor orientation elements
are considered as known)are established,using uhe basic cen -
tral perspective equations, that is collinearity condition
equations and taking into account approximate values for H,
Bys Lyso<,w, R, as well.

Minimum three points, which By, L and h coordinates are taken
from an existing map, are required to establish these six
unknowns.Having more points, we can solve the problem, using
the least squares method and an iterative process.

Because control point coordinates are initially defined by B,L
and h geodetic coordinates (point latitude, longitude and
height above the reference mean surface),they must be previous-
ly transformed into Xns¥59Zg geocentric coordinates and, then,
in Xy YT, ZT topocentric coordinates.

Transformation of geodetic coordinates into geocentric coordi-
nates is achileved, using the expression below

Xyp=(N*4) cos B cos L ;

Yo =WV #4) cos B sin [ ; (1)
Zy=(W(/=-e%)rh)sir &

W a/(r-e2? an? 8)?
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where
N is the first vertical curvature radius
e 1s the ellipsoid eccentricity, and
a is its great semi-axis.

The XG YG ZG geocentriccoordinate system is so selected, that
XG axis should cross the zero meridian and ZGr axis should
cross the North Pole.

Transformation of geocentric coordinates into topocentric
coordinates, having its origin in N nadir point, is achileved
using relations:

Xr) Ay Ax Ay Xe ¥
Trl=|Ap A2 A2| | % 4 2
AZ} ‘A&? 1423 /{13 AZ; f/@&122ﬂ7<§} "44/

where
Aik 1s the directlon cosines of the rotation matrix and

Ny refers to nadir point.

Cosines expressions contain By, Ly and A values representing
the nadir point longitude and latitude and Xp axis azimuth
(the angle between the axis and the meridian passing through
the nadir point). Proper to axis system of the considered
stereographic cartographic projection, we take A = O and the
following form of the direction cosines of the rotation matrix
from relation (2) has resulted:

By cosly - sz By sin Ly s By
s Ly ~ s ly g (3)
ws By csly sBy swly s By

After the required matrix processings related to H, Bys LN,c{
wr A variables and giving the suitable notations, the
correction equations below have resulted:

6}/0//9,/‘ (f/eﬂ/ﬁlv 7 (f’/‘?ﬂ/[/v f'Lf/\#/K /’f/?wm/’/%/o((f),tﬁ
Sy # L2y + IF Ay p St 1y deor L2l 1y
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where
S% and Sé (i = 1,2 « «6) are the unknown parameter

coefficients; L., Ly are the corresponding free terms (diffe-
rences among x and y computed and measured coordinates).

Equation system having the forme below

SX+L=1V £5)
and applying the least squares method (that is,indirect obser-
vation method), the following normal equation system has re-—
sulted

8T e 8 .X 4+ 8L =0 (6)
whence

La- (88 %an. (7
The xT = (dHN dBy dLN d«< dwdX) unknown vectors are esta =
blished, using the proper subroutines of the mathematical 1li-
brary, which pexrform various matrix operations related to re-
lation (7).

As we have mentioned,an ilterative process is performing these
six orientation parameter values, using their approximate va-
lues. During each iteration,a new correction set is added %o
the values previously derived:

Wl ot B85 rdBy ; L5157

, , : - (8
' -7 ' (-7 ' ‘ o ¢
oot Tpdo 5 wlew’ rdawt; pt- " rdx
Experiments on models have proved that only three iterations
are required tio establish exterior orientation elements of a
space photograph, further corrections being meaninglesse. This
problem is solved in three minutes and need 30 K.

2. ESTABLISHING THE GEOGRAPHICAL NETWORK ON PHOTOGRAFPH

Within the second block, REGEPO subprogramme carries out the
geographical network for space photographs, that is x and y
cooxrdinates of the meridian and parallel intersection points,
at pre-established intervals, are derived.

To solve this problem, we also use colinearity equations,
where f, x , ¥, interior orientation elements, H,BN,LN,dyaLaf,
exterior orientation elements (derived by the first block),
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AB,AL (pre-established)intervals among the adjacent points

of the geographical network and hm mean ground height on the

photograph are well known. So, Bj'Lj geodetic coordinates for
each lintersection of photograph geographic network lines are

established, using the relation

4&'= Zﬁoz‘é' 5
z;/' = zﬁy rc B
(¢ = £,2....17)

The x and y values, within the photograph grid coordinate sys-
tem,for the same intersections, are established using colinea-
rity equations, hefore transforming geodetic coordinates into
geocentric coordinates and, finally, into topocentric coordi-
nates having its origin in the nadir point and keeping A = O
condition,as we have mentiloned above.

(9

The R rotation matrix of passing from fthe rectangular topocen-
tric coordinatesinto photograph grid coordinates has the form
below, as it had in the first block:

COSX COS H ~ SITX ST S H COS e S SNl CAS X 7 Cafec WP ed SH

. X (1lo)
“CH X SN X ~JIRK SIR W COSH COS W COS X ~SIR X SR K 1 COSoC SIR W COS I

-/ X S w SR coSot ClMA
So obtained x and y coordinates are corrected, using the first
photograph increasing ratio and the air refraction ratio in

the platform atmosphere where the considered photogrammetric
camera is mounted.

A computer needs three minutes and 17 K %to make this block
computations.

3. ESTABLISHING THE GEOGRAFHICAL NETWORK ON A PHOTOMAP

The third block (COORSTE) derives the photomap geographical
network, in cartographic projection and at a given scale. In
this case, the cartographic projection secant plan and a given
scale are consildered.

The transformation of Bj, L. geodetic coordinates into gy Y

J s
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coordinates is carried out, using expression below:
£ J
/‘/= f/ﬂ"ﬁ#ﬂffﬂ?fﬁ” /I‘ sz/ # ijp/f JM/; dfy/‘f‘-a%pﬂ{’&’zg,

/‘472/{72;" 4722/[’22 27‘47‘32/3[27‘47/[/4?2;‘ Jﬂ/ Z{ci///zgq’szzl%f
(11)

)@‘13¢7£éb&%%ﬂé%ygbaéy/ﬁﬂwéy/”fz‘é}//p§95%,/"?94&7/pi%#
6&3/%‘éé;fyﬁfékg/ﬂéy%‘ékg/p%ﬂibégyvz4;42f/§;i7

where

85 bi are constant coefficients for the whole considered
territory, and £, 1 are B. and L. values given in seconds

. ~4 J J
multiplied by 10 .

This block computation times to transform %4 points is one mi-
nute at least and it requires 20 K.

4. COMPUTATION OF THE PROJECTIVE TRANSFORMATION PARAMETERS

Projective transformation coefficients of the photograph geo-
graphical network are established in geographical map network,
using COTRAN blocke.

General formulas of the projective transformation have been
used to solve this problem:

Ne=(@yXeraplirap) (dyAer sl 71/
% = [“’2//*// * gz %'/‘4723//073/3’/7‘&732}? AL

(2'= ]c é% cm B B 6:)

or as matrix form

1,-\ v 4000 -xx -y [a)
. ° " . 5 - . . : d/z
. " : ; . . . . . 3/3
Xn X0 Yn Yr 0 00 ~XpXp- x, *&, dpy
22
Y, 0 0 ¢ xx 1 =X~y || ds
: * * = 9 = ; . as, [12)

n

azp

<

\)57 \ﬂ 7 0 Xe}’rz/ - Xp 22 ")?z
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The a;k projective transformation coefficients are determined
interatively.

These approximate parameter values are determined using 4
points (properly spaced), implying an unique solution.

The least squares method 1s used in the correction equation

system to make corrections, having the following form:

Xi Dy r)j D @yt Ddgs =X X DLy =)y M Ddgpr ) by =Wy,
- . . ! : 1%)

XD Loy # Yy D g # Dedgg = Y A d gy ) YN g ity e 2

where

Wy =z Ky #dz0 )y 7/

(14)

(/=14 2......72)

1]
and Xi, Y. are coordinates computed using (12) relations for
the approximate transformation parameter valuese.

After each ilteration, the corrected values of the (aik +Aaik)
transformation parameters are established and the correspon -
ding (Xt, Yt, W.y, 1. , 1) values are computed.Using these

J J J Xj Y3

values, a new correction set, based on (13) relations, is ob-
tained. Iterations come to an end when (A aikélo's) correc =-

tions are meaningless.

The mean square error is then computed, based on differences
among the network intersection points. If the obtained value
sults the required tolerance, the next stage should begin
(rectifying element establishments).

Otherwise, GPART subprogramme divides photograph into four
parts, retaking computations for each part of the photograph.
If the required precision condition is not satisfied even in
this case, then, the subprogramme should divide photograph
into 16 parts and, further, into 64 parts, if necessary.

Experiments on models have shown that the required precision
in 1:200,000 scale photomap compilation, using l:1,000,000
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scale photograph, which axis of exposure has a less 10° in -
clination, is obtained when photograph is divided into not more

than 16 parts.COTRAN subprogramme computes projective transfor-
mation coefficients, requiring 91 K and 8 - 10 minutes (depen-
ding on number of division).

5. RECTIFYING ELEMENT COLMPUTATIONS

REDRES subprogramme is used to establish elements to be intro-
duced into photorectifier for each part which can be rectified.
Having this aim in view, firstly, the following parameters

are computed using 84 values corresponding to the respective
part:

G=~(/8) (@ ~Kp) am ¥ ~(2gy - V) co05 ¥)

4= vip

S =~ 34V 5 C0SE =zl (15)
Uy=—(V,/5) (3 -Xp) cos }”f/a?zj—}é/.s/k}”/

_ 2 2 =12
where

Y, = (m2rn°) 72

M= iz d3y ~ Ly 32

U = &22»:23/ -'527 6232

G ¥:rnpp; cos Pt m/p

Xy =0 (Qy 237 # % 2355
% = Vi(3z) 23,% 20y 230)

These parameters are used to further establish rectifying ele-
ments, using formulas below:

(16)

fr - arely (77092~ 1) %)

Jd = (1+¢)

dv = up (17)
O/V = Vo ~4/C

X =&

where

/4
t= (2= £) ) (g2 17)
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previously, cheking up that g>fr and h>fr'

Because the present day photorectifiers have limitations as
regards the screen inclination, the photo-carrier decentration
and the scale coefficient, we must ckeck up if the obtained
values should allow rectifying process during one single stage
Otherwise, rectifying process should be sccomplished during
two or more stages. As the affine rectifying (831 = 8z = 0),
this case is not approached here, because we have considered
photographs having small tilts.

REDRES subprogramme,computing rectifying elements, needs 6 K
and 30 secondss

So-computed rectifying elements will be introduced into photo-
rectifier, in order to rectify the respective partse.

Results obtained when this programme, i.e. its methodology,is
used on models are encouraging as regards the economic preci-
sion aspect. Further experiments are to be achieved, based on
operational materials. Their results should satisfy require -
ments of topographic map updating and small scale thematic
map compillatione.

This programme can be also very useful 1n some repetitive re-
cording processings, based on the same control points.
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