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1. Is the Thecry of the aerotriangulation Cowmpletea?
Scores of years of the aerotriangulation weveloweuwent nave re-
sulted 1n fast, accurate anc Ilexlble methods, Surveying la-
test reports on the subject one-can even suspect, tnat fur-
ther nsrogress-on the area 1s alwmost iugossible.

There is no siwpler and wore direct wethod to be invented than
slmultaneous bundle adjustwment, It enskles us not only to oro-
cess priumary ohotogramwetric data /i.e. qlctu”e\conralnaces /,

but to comstruct the netvork of .hotogra_hs of “any nattern and
coverage as well, It perwmits also to include into Couon &-
Justment aGGitional uata lixe distances, angles, ccerdinate
~cifferences and so on. -

A reseau cauersa being available Tull cwllgratlon /3re-uission

cf the cawera and QOSu-mlsleﬂ of « Tila deformation of . uic-
tures 1s possible., In tihis case the finsl accuracy closes the
one orf Juot05ra)ns weasurewent., Is there any need to say wore
after US-colleagues suxzsestion of stancarts and .ecifications
for tre photogrammetiric geodesy? /see Chauter VITI of fl /

inen the reseau cauera 1s beyond reach self-culivration variant
can be apnlied. Results will be then slightly worse, ol course,
but still X8 will not exceed a few wmicrometers.

Lodern coaputation metnods allow to utilise any slece ol basic
or attitlonal data due to its _roser conficence level s_.ecifiec
by the incividual ®US.

It looxs than, as if all ho.es of stictograumetrists involved in
theory anc tecihnology of the aerotriangulation, have Teen fTully
satisfied, Hinor im,roveuents can be egxsected, of ccurse, out
liley desend on cooperating branches rather than on curselves,
Chnewmistry can suos,ly us with wore Jgowerful emuls Lonu and g vet-
ter, wore deformation-resistaht IlL" would be accejted willin-
sl¥, too. O.tics can lurove lenses, but after Slame’s icea |3 30
slgniticant changes are rather'doubtful. Thne precision of wa-
chinery producers -is so high already, that we can exuect aluost
notinlang in tie area,

There 1s stlll wore and wore technological care and scrusulosity
needea to reach the accuracy of leading projects, of course, but
tnls 1s another watter,

Yo A Fure Zuioltogracmetric or an Integrated Letwori?
€re nes ceen, 1s ana will te
otoozadactrlc networx, Its n
it all tie tiae, but still

& gl&CS of extern l cata in every
ture anc gources are varying
e sz 3

e its urc.oses are:

&
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- tying the photogrammetrlc network built of any amount of pho-.
tographs to a reference systen,

- strengthening of the internal constructlon of the network,
counteractlné its possible deformatlon and sSc on,

" There are two kinds of such a control avazlable toaay.

- coordinates of control points, :

- another data like distances, angles or coordlnate differen-
cies, creating addltlonal consraints for particular 901nts of
the network.

Till coordinates only were 1nvolved one camld con51der the *

aerotriangulation as a pure vhotogrammetric network of consi-

derably lower order, especially in dark agesy when its aceura-
¢y remained far off the one of surveying.

After sowe time another control has been included 1into aero-
triangulation networks, At first statoscope and later radio-
profile data have been inserted, ‘They were, however, of lower .
than coordinates accuracy, so they could serve as second order
constraints for Z-ordinate only. Later on direct results of
ground weasureuments began to flow in. Today, with all the
electronlo equipement at hand, they are quite easy to be ga-

thered and so couparatively cheap. If they are utilised | di-
rectly, their accuracy is-not deteriorated by a separate ad-
justment of a’ground network. &s this adjustwent is not ne-

cessary, the additional data can be distributed to suit photo-
érammetrlc network only, so they can wuaske an excellent guard
against its deformatlon. : " <
It is‘but not all. Considering~connections of the aerotriangu-
lation with surveying and geodesy one is bound to take into
,account not only their present state but the fature one, too,
New-electronic instruments have increased flexibility, accura-.
¢y and econoay of surveying, bul very slightly changed the the-
ory and practice of the network construction. S5till the sanme, -
two-dimensional networks have been adjusted, tne only change
being contlnous re)lacement angle measurements by distance
ones. :

’

There;is; however, more signifiecant change at nand - Aaynawic
systeus and tneir influence upon the network counstruction,

First of them are radio positioning systems, initially used as
navigation,means, Till located on the Zarth surface they were
of no value for geodesy, but gquite ianteresting for a photo-
grammetric flight navigation, especially in areas with no wap
coverage, The recent, satellite-located systems have coupletely
reversed this relation - geodesy and surveying have got totally
-new, extremely flexible data source of the hignest accuracy,.

Its nature is so different from conventional instruments or
systems, that some geodesists expect of them a substantial
change of geodesy and surveying methods in a close future, While
the satellite positioning systemskeeps hold of the general refe-
rence system, the whole needed data of the kind are transamitted

-
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to any surveyor ogerating the slave station, ‘here than and
what Tor tne ground comntrol comes in in such a case? The josi-
tioning slave statlions are gulite rare and exvensive for the ;ﬁ
oresent, butbt this 1s haraly exoected for the future, If but so,’
Tae dense reference networx can possibly disap.ear in two-three
decaues,

And wnat about tie photogramimetry? Are we to be the only survey-
ing branche needing the ground control? Is there no way to uti-
lize positioning system facilitieg?

There is but second dynamic system considered to be also &a very
powerful surveying tool - inertial system. It 1s entering into

use just now, so it is aifficult to forecast its iasortance for
surveying. It has, however, closer affinity to tihe sholtogTauwiet-
ry than the previous ong tecause of Telnyg already used 1n flying

oy

seopshysical amissions [2].

Talking all wentioned into account 1t seeus taat tiere 1s Jjust
time to cosider & wore coipleks, really integrated network, con-
gsisting of data of any origin.

3, Coula the Dynamic Data Reslly Change the aerotriangulation?
The traditional control influences upon the pnotogramuetric net-
work via its lower Lsart, i.e. uwoael of tne terraln surface, Iy-
nawic systeams seea to e as 1T cut out Tto influence on 1ts uvger
sart, i.e, orojection centres, There is tut a sroblew - none of
thew is able to deliver valuable final aata toua¥. At the 1o -
aent they are votential ratuer than real ilanforuwation sources,

To wet ful accuracy -of TRaAN3IT or UPS systew one needs a stavle
0oint for tne slave station and at least a few hours ol ooera-
tion. So an intermediate ground statlicn i1s indis ensable touay.
It seews that the saue refers to on-ground positioning systeums
like Schoran, Iecca, LORall or tnelr derivatives. The wmost spee-
Ay and Tleksible ilnertial s¥ysteus have to ve calibrated very
often, #Final results can be s_onlflﬂaun‘j iaroved LY cowlon

adjustuent of wutisle traverse ruas with self-calilration [ o7,

but even taen accuracj is too low. .and so on - there 1s no vi-

sivle 5ossibility to zet satisfactory exterior orientatlion ele-
cents of any system alone.

Jno have told, h0"ever, that final results of any systea ousht
to be utilised only? Or - 1s there any reason Tor consideration
a. single s¥ysted only? accustoaed, as we are touay, To adjust
aata originating frowm different sources we ought to keey Tals
way witn new cata, too.

et 1s cosider vossible advantages of such an a)proacil,

Y

Thne single inertial run celivers raw data contalning signifi-
cant s¥stewatic srrors, There 1s vut very strong relatlonesnlp
between adjolining .notogrant ve 1t coula serve as a Sa-
tisfactory ccastraint for of iusertial uata. and on
ciie coutrary -inertial ] 1e fligne line cou_”
so5sibly counteract = deforuation ¢ ne strigu uodel, Lut o o
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take full benefit of both systems facilities means coumuon ad-
justauent. .

-

The accuracy of instantaneous positioning can not be very high,
Wwhat about the case, however, when every cawmera station of the

whole project is positioned? dultidirectional relationships

amongst the photographs and inertial survey /if included/ can
produce quite a’'stiff network. Multiposmtial positioning  of

such a network, even less accurate, can be then utilised for
location and orientation of the network, perhaps. Having hun-

dreds of positioning wmeasurewments one can find not only seven
pgrameters of absolute orientation, but any possible bias as 4
well. - : - - - .

The other possible approach to the positionig utilisation 1is,
perhaps, returning to on-ground systems., Oving to comparative~
1y high altitudes of the photogrammetric flight there is a very
few ground stations needed to cover huge area, for 1lnstance
that of the country or even continent, In such a way a general
control for all the area could replace wany one€s, being esta-
blisched for separate projects only.

There is but again the onlY way¥ to get full benefit of all the
gystems - the common adjustment of tie whole data set.

Taking all wentioned into account it seews that photogrammetry
can, or even ought to, fina its own way of waking capital of
dynamic systems facilities. In the case we find one - there
will be no lack of ground control, no inaccessible area and

no extreme climate conditions, '

4, Main Problems of tae. Integrated Network.

The utilisation of dynamic wmeasureuents will be possible when
a suitable-data gathering system is comstructed. The traditio-
nal camera with a statoscope and a radioprofile systew at most
nas to be than replaced by a photogrammetric total statlon,
consisting of: : :

- the camera-itself,

- a substation of the positioning systen,

- an inertial systen, ‘

- the statoscooe /2/ -

" - the radioprofile systea /?/. o

Teedless to say, cata records of all the subsystews ought %o De
referenced to a cowmmon time-record, ‘

All the subsystems wentioned are already operational, so their
fusion seeus te be quite possible even in a close future.

Tor getting full benefit froum new data a suitable processing
method has to be prapared, By the time this can be done, however,
we ought to find satisfacbory answers to two basic guestions:
-Should we go up to raw data of dynamic systems or accest rather
some intermediate or even final results of a searate pro-

cessing? N 1 1
-7aich is the wmost sultable cooréinate system for such a networg?




Tirect results of surveying have teen easily accen
tiaree-diuensional -hotoa-ammetric network, vecaus
watuslly inaepencent elewents of the sohace, It 1s not so, how-
ever, with aynawlc cata, ror one thing - they are not geouwetlri-
cal elewents, For secona one - an influence of the systew can

not te neglected., .ay ve there i1s a little aisvortion only in

sositioning systew, but the other one i1s hignly influenced
an atwmos here neterogeneity, a onlane drive, & friction of acce-
leroweters ant syroscopes and so on, It seews than essentlial

to find such a stage of their data processing, wnere & Josslible
bias wmodel is not very cowslicated yet and results of tae pro-

cessing are already acce_table by the gecuetric networlk, '

Referring to the secona jjuestion one feature of the coo
systew 1s quite cleur., As tue Gata nas Lo Le gall
the tiwme also, a four-diwensional tliue-sjace sy
ve obligatory. Further 1ts features are 1ol s0O
ever,

The ost coufortavle eartesian s¥ystew witin silal
aation rule is excellent for any large scale
means of aoyrooriate o sriori corrections of
cata /seodetic coordinates, refraction/ it znas been atouted to
any scale, areaz and xind of networix, tooc. XNew curvilinear dats
and factors will ve, nowever, Ifar uwore active in Ghe aagast
ment orocess taan the previous onss. So we way bc owligea to
construct the network in a curvilinear coordinate system Iin-
stead of the fawiliar, rectangular one, -Such a systea las Luv
a substantial draw-back - wore cowmslicated transforuation rule
and datching it algevra., Constant transformation Tactors nave
to be re,laced by variaple ones, the uwalrix algebra - oF Uie
tensor one.

3

If only an exact aata of curvilinear origin nave to be taien
into dccount, the traditiomal way of previous to orocessing
transformation would be acvisavle, If but tne whiole _.rocess

of uata 51taering is to be lodeIWed the curvilinear systew
coulG e more sultaeble, Its possi le st vantases can be exen-
blified even by tue refraction sroblea, Till now we have been
satisfied with a _riori corrections according to tiae standard
atuos here saraneters, If but the curvilinear systew 1s accep-
ted, the like ray-_ath could be ap.lied for self-calibration

of the refraction wodel, too.

The fuiare only can verify or ueny tendencies J&vsenuua Tiey
are vut so yrouwlssing ana self- ev1acnt, that tiheir discussion
even at such an early stage seeas.to be justifled,
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