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Zusammenfagsung
s wird ein mathematisches Modell, das sowohl die Ausgleichug
der konventionellen photogrammetrischanb%g gndar varschis-
denen gsod¥tischen Messungan bshandaeln Il~j%§§ Vorgaschla-
gane Algorithmus, als auch das Rechsnprogramm, sind allgemedin
verfasst, so dass sie varschisdens geod¥tische Messungsn, in
irgandwalchar Anzahl und Anordnung, els auch nur photogramma-
trische lMessungen umfassen kdnnen. Die gaod¥tischen und pho-
togramme trischen Messungen sind als unabh¥ngigs und mit, von
den Messfehlarn bedingten Gewlichten, anganommen.
Flir die photogrammetrischen Messungen wird die dirskte 4Aus-
gleichnng, mit r¥umlichan phobogramms trischan *Blindeln, beniltzt;
flir die geod¥tischen Messungen wird eine Verbessarungsglai -
chung zur Verarbeitung durch die Methode dar vermittelndan
llessungasn, aufgesbellt. Dia susgearbeitete L8sung, under der
kodifizierten Benennung FSOFG in A4, 1st an fiktiven und resl-
len Daten, sowohl auf Streifen als auch im Block, gatestet
worden. Dis Bndresultste sind in dissem Baricht enge flihrt.,

Problems related to geodetic and Photogramme tric measurements
arg approached indspandantly, considering tha common enalybi-
cal sarisl triangulation methods. Gaodetic measursments rasul-
bing in control point coordinatas becoming input data for the
photogramme tric solution ara m&ds, on the one hand, and, on
the other hand, photogrammstric meesuraments used in snalyti-
cal e@srial triengulation ars parformad.

The complets approach of the two problams [1,2] brings Forth
& mathamatical model development, able to incorporata,besidas
the conventional photogrammstric measurenents, btha gesodatic
mgasurgmants such as: distencas, a@zimuths, horizonbsl = glaes,
zgnithal distancas and level differences into the &djustmsnt.

The proposad algorithm and the computational progremms ars ga-
naral, bsing abla to comprise aibher vserious gsodetic maasy -
rements considaring numbars snd locations, or only photogram~
me tric measuremsnts.

Owing %o the simultansous computation difficultiss,only cor -
Tacilon equations for photogramme tri 2 ogurements srs consi-
dersd in the first part of Ghe glgorithm and the contribubtion
of tha correction aquations for geodetic messursmsnts to the
former sclutions ars sdded in the second pert of the algorithm.

Dirasct sdjustmant for specs photogreamme tric bundlas anbteiling
Ghe simultenaous dsvelopmant of & largs numbar of unknowns is
usad in photogrammetric n asursaenis. Tha symmatry propristiss
chet 13 Gto ba posibtivaly dali: o Go havs a strip - )

structurs of the normal aqua coefficient metriy
raducing bhs srithmatic oparasion numbar and lncrassing
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A correcbtion squation for lesast mean sguars procassing, is
written for each gesodetic msasurament using the indirect maa-
surament densities, locations and types, indapendently consi-
dersd, are special to sach work.

Tha whole process for simultansous procasssing in ansalytical
aerisl triangulation is ©presented in the disgram in Figurse 1.

The main stages of the simultangous processing of photogrem-—
me tric and gesodetic meesursments within snalybtical serial tri-
angulation are briefly pressnted below. Finally, some practi-
cal data will be given in support of this presented solution.
Computation algorithm '
Tha geodetic msasursmerts, which corrsction squations ars ad-
justed at the same tims with correction equations for the pho-
togramms tric measuramants, using the proposad slgorithm,ars :
distancaes, azimuths, horizontal anglss, zenithal distances amd
laval differences. Tha whole corrsction esquation sat for geo-
datic msasurements can be rapresentad by the following matrix
equation: vg = GX = 1g (1)

~

whare x 1s the correction vactor”of the ground coordinatas.
Tha whole corraction equation set for photogrammetric measurs-—
ments can ba also reprassnted by tha following matrix equetion:

Ve + BX + Bx = 1p 2y

whara X 1s the corrsction vecto?® of the photograph orisnts -
tion slement parameters, sand x 1is the corrsction vactor of
ground coordinatas.

The couwplete mathesmaticsl model is obtainad by combining (1)
and (2) aquations:

‘vf‘ B B X 1l (3)
+ =
4 _~ i \
|V, 0 &l |x 1, (4)
that is : V+ Ax =1

In accordance with thé least mesn squars msthod, the normal a-
gquations ars:

R (abpa)x = A% (5)
where ¥ 1is ths weighlt matrix assoclatad to the mesasurad
sizes and has the following shapa:

P 0
P o= { £ }
~ o E,

whare P. and P ara ths matrix diagonels, rspresenting photo-
gremma tric and~gsodatic mgasurement .weights, respectivaly.
squation (5) cen be expsndad into othar two equations, such

ass -

) L¥ + Rx = C
b (6)
R'x +Hx =D
whers, wa have noted: - ~
£ = B-t Pfr B
R .2 B% Er B
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_ ok o —

H-:Hf + Hg; 75 rfBTGU}gG
= = Bb PP 1

D= Df + DS = B Pf lf + g L

Considering fthasa operations for a photograph block contai -

ning 4 strips and 8 photographs each, and having a cvasi-ragu-

lar earial triangulstion point locstions and some gacdabic
measursments the normel equation cosfficient matrix is prassi~

tad in Figure 2. The elements equal zero &rs preveiling. Iu
addition: :

L has a diagonal block structurs being composed of six order-
ng square submatricas, whera Do is bGhe thotogreph numbar on
the block;

R has a strip - typs structurs, being composed of 6 x 3, 6x%x2
and © x 1 - sizaed submetricas;

H has a diagonal block structurs, too, bubt it is composad of
Hg matrix coefficisnts outside ths mein diegonal and Hf ma-
trix cosfficiants, made up of np squara submatrices having
8 3 x 3 maximum sizs, wheras oy ls ths asrisl trisngulation
point numbers on tha block.
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Figure 2 : Nérméi eagéfion dbeffiéient ﬁatrix for
a 4 x 8 photograms block
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Now, if we notas

A N= 4P a4

then, equation (5) results in : ‘

o x=xLabpr1 (7)
but with[3,4] ) _,

g1 gL qt
¥ =
- L -ms~t gtypgl b

whare: 1% o
s - LA"" R H— R
p 2 g~L gE

This, N inversion is reduced to S and H inversions (which
sizes are 6 ny x 6 n, and meximur 3 n_ x 3n_, respactively )
eand to the corresponging‘matrix multi,licatgons, as well.

It 1s worth mentioning that when there ars geodeatic messure -

mants S mabrix is a complete one, but when there are not geo-

detic measurementis or they ars not considered, S matrix is re-

duced to ‘ -1 5

Sf =L -R Hf R : (8)

Computation Programme . ' ~ :

The simultaneous gasodetic and photogrammetric measurement -

processing for amalytical serial trisngulation starts with

the following dabta, considering our case: '

- image coordinate corrscted and reduced.to the main point
for all points (control, pass, tia) necessary for en aerial
triangulation block, providad by preliminary ASRAN programme

(Figure 1); : - .

~ approximate gsodetlc coordinates for all aaerial triangula-
tion points provided by tha same programme;

- geode tic coordinatss for control points;

- approximate gsodatic coordinates end tilting engles of tha
asrial cemera;

- geodetic messuraments (distances, azimuths horizontal an-
gles, zenithal distences eand level differencas).

Congidering the programme, the main stages given in tha dia-

gram in Figure 1 are performed, such as:

-~ Space rasaction stege as a subroutine (KiTRO), which is can
ried out for each photograph on the block; ,

~ consldering the adjusbtment stags, raferring to strip-typa
structure matrices (Sg), FORMSE. subroutina and INVSPE
ong for its inversion ars used;

- Spéce intersaction stege (INSP) performed indepsndently for
gach point of inbterest and which waes not used in the adjust-
mant staga.

Information carriers for input date nacessary in simultansous

adjustment are the following, considasring the pressnt-~day con-

putation program variants

~ magnetic tape for imaga coordinataes corrasctad and reducad
Go the meain point and for approximate gsodatbtic coordinatas
of all waerial triengulation points, as well; conbrol point

~geodebic coordinates ara also storad on them;

-~ punched cards for gsodetic measurements and for various i-
dentifying and control alaments.
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‘Y'he process s&iming at solution developments rsquires ths lar-
gest computation effort as regards the computation algorithm
programming into & computer; that is why, soms featuras rg=-
lated to assoclate matrix solution and invarsion [R] have besn
considered. Three subroutinas have besn devaloped: the first
for the strip-type structurs matrix inversion, ths second for
eaquation system solutions and the associate matrix inversionm,
eand the third for equation system solutions, which associata
natrix has a strip-type structurs.

Practical rssults

The algorithm and the computation progremme have bsan tastad
using either fictitlous or real data, considaring both strip
and block. In bobth casss, the strip has 10 photographs, and
the block has 4 strips and 10 photogrephs each. The msan .
square errors of the compubed coordinates for strip and block,
considaring fictitious and real data, rsspectivaly,sre shown
in Table 1.

Tabla 1
m ) n
Gase [ml [my o
Fictitious  Strip + 0,15 + 0,15 + 0,20
data Block + 0,21 + 0,21 + 0,41
Raal Strip + 0,29 + 0,31 + 0,46
data Block + 0,37 + 0,35 + 0,56

"Ths finel results certify thae usafulness and efficisncy of the
davaloped algorithm end computabtion programmsz. The possibility
o dirsctly use geodatic msasurements inbto adjustmant solvas
ong of tha most difficult problems rsgarding control pOan i
Plamentation in zomnes covared by forest vegatation or whara
significent dstails are missing.
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