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Zusammenfassung
Bs werden, die &n die Raumbilder gestellten Anfordesrungen,vom
Standpunkt ibrer stersoskopischen Auswertung, dargestellt: es
wird der &influss der innersn Refraktion und der Brdobsrflsd -
chenkrimmung auf die Orientisrung des Raumbildmodells und auf
die derauf durchgefllhrten llessungsn, bshandelt.
s wird das Flussdiagramm des technologischen Frozesses fir
die analogischa stersoskopische Auswartung der Heumbilder dar-
gastallt und dessen Haupbetappen beschrieban.
#s warden die Verfahran der Orientierung der Kaumbildmodells,
der Kartisrung der Grundriss- und Keliefelemente, beschriebsn.
Nach Darstellung der srgabnisse, wardsn mndbamerkungen ibar
den mit "Saliut" - kReumbildern durchgefilhrten Versuch und dia
klinftige Auswartung der "SEOT" - kaumbildern, geamachb.

Space photogramms try hss bssn developed theoratically and prac-
tically, basad sspacially con space photogrephs taken by4Apollo
15, 16 and_l7 speacacrafts, Skylab snd Seliut - Soyuz orhital
systan [1].

Basad on rasulbts obtained in Remote Sensing, wa can find tha
following remarks "...nany specialists forases & largas laap
within terrsstrial surface mapping, which cen be comparad ¢to
that raslated bto replacemesnt of the classical methods Dby the
aarial phobogrammetric ones, whsn horizontal msasursments ars
mada"™, in tha abovs mantionsd work.

l. Raquirements related to map precision, which is compilad u-~
sing photographs.
~Photogrepnic systems taking spsce photogrephs, mathematicsl ba-
sis for pointing out disbtortions seen on space phobographs and
Ghaoretical considerations regarding their starsoscopic plot-
ara given in thne iollowzﬂg works 1, 1, 61, [ ,
T ettt
- ground rasolution of a spaca photograeph Ry is 3stablishad,
using bthe relatiomn;

whare M, = map scala degomlnator
- grQUEd map rasolution (Rh) is calculated using the axpres-
sicns
. Rh = Mh/looo (2)
- standard error ¢ . of Gthe rslative horizontsl position

of @ ground control polnt, asteblishsd on & aU& 308coplec mo-
dal, is givan by s

whsra mf = phOEOgrorﬂ scala danonznator and Gf = mép m3ssura-
nant pfaclszon of & point on gnouow“apn, standexrd arrer o, bLo
3stablish point haight on & phobog is zivan by .
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whare H = height for’taking Photographs;
B = ground distance among stations taking photographs,
which constitubte the stersomodal;
Ty = standard error of height msesurement of & point on

& stereomodsl;

H/B = inverse of base/height for taking photograph ratio.
Requirements concerning map pracision compilad at various small
scales using photograph plotting end those mentioned in [1]g
that is o0, = 0.3 of contour interval, special for various
scalas an& basad on expressions (1) - (4) ars given in Tsabls L

2. Factors influencing space photograph geomstry

Considering that photographic systems (sensors) taking photo-
graphs gives a ground resolution shown in column 3 of Tabla 1,
values computsd and written in columns 4-6 can be attained
only if space photographs, that is stareoscopic modal,ars plot-
ted using not only factors spacial for classical sterso-pho-
bogramme try but obther ones, such as: various distortions of
space photogrephs (interior refraction, window unflatnass
through which photographs are taken, a.s.o.), ground surface
curvatura.

v , . Tabls 1
Requirements concarning map pracision at various scales
lep, Ground map Ground rosition stendard srror  Contour
scalea resolubtlion sensor bhorizontal vartical intarval
(Mh) v (Rh) rasolution
) |

1: [n] §%e (m] [m] (]
1000000 4L00 50.0 300,07 7 T/5.0 250
500000 50 25.5 150.0 30.0 100
200000 20 10.0 60.0 15.0 50
100000 10 5.0 30.0 8.0 25
Some theorstical considarations on thesa influsncss ars givan
balow. ‘ ¢

2e.l. Interior rafrasction influencse
Corrsction of x -, y - point coordinatas of a spacs photograph,
due to interior rafraction influence (5], is meds using ax-
prassions: : -
) X, = X + X [l + (2% 4 y2)/fd] k
] ‘ . 2 2N el
Yo =T +7 {l + (25 + y°)/F } k
whare Xy Vo = correctad point coordinatas;

X, ¥y = considerzd point coordinatas measurad on a
Stacomater;
£ = focal length of the photographic systam;
k = a coefficient equal to thas angular valua of

the radius diraction changz, &nd which wmakes
& 4590 angle with the opticel photographing
axis.

2.2. Terrastrisl surfscs curvatura influasncs

la2rrastrial surlecs curvaturs cen be pointad ous,bthat is consi-
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dersd, using the drawing in Figurs 1, whers a verticel sac-
tion of a photogreph triplst, oriented bo ome of the analogi-
cal plotting instruments is shown. The instrument projection
plane B is considersd to be superposed ovar 0,.XY plane of
0,X¥2  rectangular coordinate system in this“drawing.
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Figure 1. Vartical saction .of a space photograph triplest

Considering point Ny, to be the origin of the model coordinata
system, the stersoscopic model point coordinataes are establi -
shad within OXI2 rectangular coordinate system, when gaodatic
haights of the considered points within the stareoscopic modal
are msasured on a line starbting from the rsespective points and
being parpendicular on U_ plans.

' = = - 2 and it 18 the height error of P point causaed
by terrfstrial surfsca curvabura (Figure 1) [13]. In [8]
work, it is shown that 85 ?Eﬁ be computaed using expression:

I Vi =
az = 2R (6)

where: R = the Barth mean’radius; L = distance betwaen N nadir

point.end. ¥ point. .

Considering (6), we can compube 2 gaodetic height valua of

any point within the stersoscopic modsl, meds on a speca pho=-

tograph, using the following formula

Lz\,

Z = h=- —=p (7)
whera: h = geodatic height of the considsrad point.
5. Bxperiment rslated to a btachnological process concarning a

stereoscopic space photograph plotting -

Basad on tha spscial - subjact litsrature [lo], [9], [12], (8]
w8 have invastigatad, and on the itams alrzedy mentionad, &
Gechnologicel process concarning & Ssteraoscoplc sypace photogreth
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lotting was mada; using a Carl Zsiss Jensa Stareoplanigraph .
%ha flow chart of the dsveloped tachnological process is shown
in Figurs 2.

3.1l. Characteristics of btha used basic matarials

Tha stareogrem, we have selacted for our sxperiment, is con-

tained in a photogreph strip Gaeksn from the space in July, 1979
by Soyuz - Saliut orbital system and covers our country Serri-
torye.

Tha focal length of the camera f = 200.355 mm; photograph for-
mat 18 x 18 cm and their scals me ~ L : 1,000,000. A grid he-—

ving a 1 cm contour intarvael is made omn the photograph. Stu-

dying stereogram and tarrain it represents, tha following ala-
mants have baen astablishad: hmin = 25 m; hmax = 350 mj hﬂa =

80 m (Figure 1); Hmin = 215.1 km;”Hm = 215.425 km; 2

Hy, = 215.770 k.

Just’a maention , because we have not the original negativas
or somg of thair duplicates, the negatives we have used wara
parformed in our Institute, using photographical film and 1/1
To identify the conjugate control points (photogreph-map), &
copy using a nagative for projection and a lo x magnifying
cogfficient was madz.

Topographic maeps &t a 1:50,000 scala ware used to identifiy
control points raquired.by absolubta steraomodal orisntation.

5.2. Cartographic projaction selaction

Analyzing (5] and [15] works, we come Gto the conclusion that

cartographic projsctions suitable to small scale mapping,using
space photograph, are: Marcator cartographic projection (UTM)
followed by Kavearaiski asnd Gsauss onss. After thorough analysss,
the authors of this paper considersd that the most advantagsaus
projection is 1970 plane scant starsographic projection for

our country, which features are presented in 4 . ~

ax

4. Gxperimantal technological process stagss

4.l. Fraparatory works
A large work volume is covered by preparatory works within this
experiment. Soms of them ars given below.
Thus, 24 topographic details axisting on the space photographs
and on 1:50,000 scale topographic maps, fulfilling condition
raquired.by control points have bean chosan.
The angular gzodatic coordinates B, L and h height hava bazn
maasured for each control point. It is worth saying that B, L
values have "been measured with about & + 1 s precision, and
h heights have @ + 5 m avaluation. .
Gzodetic coordinates B, L hava been changed into X, Y rsctan -
gular coordinates, using a computsr bassd on algorithms and
formulae given in [3] end CORSTZ programme pressnted in [14] ..
The plane ractenguler coordinate x", y'" have bean massurad
on & Stacomater in ordsr to validats control points,which wara
cnhosen and marksd on & nagativaz, using B trensmark davicae Thase
veluss and ths calibratad grid velues (d. = d_ = 170 mm)printad
on the photograph into the input date of “ORGX¥IG progreuma [14],
x", y" coordinete corractions have besn parformad, using an
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glactronic computer, thus eliminating influences of tha amul-
sion support (photographic paper) distortion and intarior ra-
fraction, as well.

The introduction of thasa corrascted coordinates into tha input
daeta of ORuXRIG programmas packegs, based on critarion C£AS
(whera: 48 = V€ + 32 ; ax = X, = Xp3 AY = Yo = Jf 3

Xpy yg¢ @re known values, and x., Yo ara compubed coordinates
for the same points in an 1iteFXative cycle) antails the alimi-
nation of 7 wrong control points (identification, me asuring ,
marking, @.s8.0) out of the chosen 24 point sat.,

The following problams rslatad to possibilities of the asnalo-
gical stersoplotters in space photograph plotting, having the
parems ters mentioned in 3.1, are also solvad within tha prapa-
ratory stags.,

Thus, in [13] it is mentionad a first condition according +to
which & space phobtograph can ba plotted on an snalogicsl sta-
r3oplotter requiring a convergsnca amglse (Figurs 1) not ax -
cegading 269,

Computetion of © valuas for stareogrems takan by Saliut-Soyuz
orbital system, elso considsring snslogical staresoplotbesrs 2 -
®sbing in our country is prasentad in Tsble 2; thay were coa-
puted using the following formula : : '

e bx (9)

sin —-— g ms e >
whers kg = stersoscopic model scela danominator; iig
bx = computed starsoscopic model basz (bx= b ~mg—,whera

b = base for taking photogrephs msasurad on ons of tha origi-
nel photographs; ilp = originel photogreph scels; Ms = sltarao -

scopic model scaley R = tha ZSarth mesan radius.

. Tablas 2
Valuss © computad for various g scales considaring: me =
= 1:1,010,000; b measursd = 75 mm; 2R = 12,724,000 ‘m.
N b x Steraoscepic b x ,
Device limig model base  computad ©
[mm ] 1t (mm]

42lss Jana 750 000 lol,0 opVl/tost!

Stareoplanigrasph 300 500 0CO 151,5 00Cl7to3 "

' 400 000 189,4 Qo017 Tg3 1
750 0CO 10L,0 ool 05"

Starasome trograph 280 500 GO0 151,5 00017 103"
40C 000 189,4 0Pl tos"

Wild & 8 50 000 101,0 co¥l/ 05"
Aubogreph 220 500 OCO 151,5 00CLY7'o3™

400 000 189,4 00917%03"

Values computad and given in coluzn 5 of Tebls 2 show that,con-

sidaring convargancs angle 6 condition, bhs icnad

Spece photographs cen ba plotbtad starzoscopi ing tha

cnelogicel sbtaracplobbtars axist: our

anothar p a2l 3G3rs0 -
L cio pacs pncbo-
cea 3ca 213 0oL GCha
L on pEreL3U3rs sp3~
& 3 5), debe spacial 5o
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544 - 545 staersogram discussed in 3.1. and formulae in [lo] |
ags wall. ’
Table 3

Some parameters spacial to stersoplotters we have at our dis-
posal .

Paramedctecrs

Device 3 n_/m, ATy
. (mm] nax min nax
Zalss Jdena 206+ > 54 150 040
Stareoplanigraph 152+ 4
loos 2,5
Stareometrogrsph 98«215 5% 140 240
Wild A 8 Autograph 98-215 4Z

4.2. Peculiarities of stersoscopic space photograph plotting
Space photograph interior and exterior orisntations, excaepbting
staraoscopic model levelling and relisf plotting, using ena -
logicel stersoplotters ars similar to those smployed in classi-
cal photogrammatry.
Faculiarities of the relief lavelling and plotting are causad
by Ghe need to considsr terrastrial surfsacs curvature, thus ,
ragvealing & disagreement smong values measuraed on Z scale (of
the device) and gaodetic hsights on the considerad rafaranca
plans.
In ordsr to consider btarrestrial surfacas curvatura, ths mathod
presented in [2] was usad, according to which ths siaraoplot -
ting cantre can be astablished in ona of N; , Nji,] nadiral
points or among them. The control point helghts. to be measurad
on 7 scale have been computad using formule (7), when bthe plot-
ting centrs weas zstablished in Np point (Figure 1).

Tabla 4

Levelling slements of 544-545 space photograph

roint h L AT De be ,p, Beedings Diffs-
0. ‘ COT on a dnm rancss(m]
[m]  [mm] (m] (m] (m] (m] (Col.5-6)

L. il/0 507/,8 8lo -04-0 -o42 -600 -18

2. 175 5o00,1 785 -6lo =612 -04-0 -28

3e 115 417,8 548 -433 -4 34 =410 24

7 e 190 483,1 732 =542 -543 -520 23

8. 90 273,5 235 -245 -246 -262 -26

9. 145 357,0 336 -19% =193 -2lo -19

11. 175 183,5 1o6 69 69 53 16

N. 8o 0,0 o} 8o 8o 70 -1l0

Bacauge & 200.355 mm focel langth cannot be measursd on Zaiss
Jana Stersoplanigraph (teble 3), the convartad bundle method
givan in [7f has bssn amployed.

Although the stersoscopic modsl can be lavallad within  aboust
20 m precision, contourings cannot be traced bacauss of tha tam
rascrial surfscs curvabure influsncs.

In our country, & 1:200,000 scals topographic nep is compilad,
having & 50 @ contour interval. After (1], the velue of &, (&)
aust not excsed 16 u. In such a case, to aliminata the tarras—
trial surfscs curvabturs influsncs, the considerazd surfecs sust
006 b3 lsrg3r then thoss shown in (6), whan contourings taka
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plaece, namely L = (2 R 4z)~/'2 = (12740 ku x 16 m) = 14 knm.
Steresogram used has bean devided inbto 44 sections and contou-
Tings wers mada only ovar mountainous zones. In submountainous
zones, contour levels are not significant, thus certifying tha
theory described in (1] according to which reliaf represants-
tion can be mads only if stereomodels are dasvaloped, using Fy
énd F1,5 photograms.

Good rgsults hava baen obtained in horizontal element devalop~
ment, some additionel msasures should ba providad.

Ws can draw the conclusion bthat, although we have not primary
original matarials at our disposal, our expsrimant points out
the possibility to stersoscopically plot spaca photographs,u=-
sing analogical steresoplotters more &nd wors in the future,azg-
pacially now when SFOT satelliba is to be launchsd on a cir -
cumbarrastrisl orbit.
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