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At. preH;~, t thP- dens ificati on of ;re:.>deti c: prJlnt fie l ds , b:· :ne••''"' of aero
tri. _,,n~?Ulc.dlOYl seem<~ t0 reach e1 prr."ciHior: r:ump.:trai.du t o the pre ci;;iot; of 
te rre1o~tri 3-l :netl':r>d[' . 'rl'lis face. r cqc1i rer:; a(l utller ,ttitude u f ph ut:'; -r:_uwne
tri -- ts \.lth respect to ,;-round coLtrul, which l ll tr:e f :J.ture c:u,n ,_,t be •·m;

s i dered as n or;- stochac tl c 1.n;_-m ;:-e. 
Cr i teri ort r;n t !' ices (art 1 fi rial cc..var i CllCe mat r·i ces ) cn11 lJ f,e m;e fu l t her; 
t u det->Crl he the precic;i or. of c:i •.:p,n grour. d cm :tr o l poir.t .· 3.f, d t-) e val:.._·,te 
tr.e prec is1•m of po1nt field der.siflca t1on2. S-tr3J:,,format, on .;:; will gnre 
a good tool t ,-, link up ph otO :'Tammetric blc:~:ks With ,_~iven VCunPLir pOllJ t 
field s . Th1s pape r wll 1 discus s the concept o f ,: rit er1on matr i'.:t::' ::wd 
S - trat J;-;forrra;, Lons at>d the J.I' pOGLi ble appl i cat i on l L pJ:Jt o~~r · arfL'T!etr~ · . 

Die Genau igkei. t, dle cH.:h l;ei der Verd ic:ht,wg ·:on F'e(}tpu!:ktnetzen rr.1 ttelc 
Aero t rlang;tl::it i or: mi ttlerwe ile n errei c 'len i::i:lf't , ,;teb t derj 8 L.i f.'Ofl aus 
t e rrestrichen Methoden k <J.u m nacl':. Dies ver L . r.12;t n<J.ch e ir,er C.U1derer1 Ein
stel Lun0 der Photogrammetris ten sef!;edibe r den P~~· ' ~>pur:kt<~, die ku1 1fti,:: 
ni cht mel'.r als feh ler frei be tracht""t v'E:rden konne r: . 
Kri terium MCltrizen (kum·t hche Koverir.u-1z Mat~·1zeL ) ko1 a :t.en d3.Y.U dier;en , 
um d 1.e Gcmaui ckei t der c?;eE,e ben Fe stpunkte zu be;,chre l uen :Hld w n die Ge 
n au i gke i t de I· Netz1·erdJ r htung zu beurte1len. S- Trr.u1s fe r ma t i onen b i eten 
ei .r;e t?,U te Moglichke i t pLotof..,rr ammetr ! sche Blocks m1 t dem 1;egeoenen Pnnkt 
feld zu verbir.den. Der vorl1 ege nde Ar"'u 1Kel erlautert d cts KJnsept de r 
Krit. e r ium Matrizen und S-Transfr)rm·1tior, ~:•Jwie derer. mog licl'1e Anwendung 
ir; der Piwtuz r11.mmet r ie. 

La donci fic:lt ion de.:~ · ret;:w:x c·eodesiques, au moy en d e l'::1erot r1 ;-mr-ulati on, 
semb l e a i.teUJdre aci.uellemeni. une preciS HH1 CO!Tlpar:lble El. r::e Jle des mP.thodes 
terrestres. Ce fai t nece,;slt e une a ut r e :cttltude de:-; ph c t OV'CJ.mme 'tre ;; quant 
·w r:'3Jt8\'' J.S terr·cnt,re qui lJe pourr a p l us etre considere CO!Tl!Ile 1'101:-StochCJ.f' tH{UG. 
De s matr ice f' - cri tere (matricP~ de r.ovariance arti fic:i e l l e :: ) p·)tll'I'alent alors 
et re uti lec' pour d?crire l a preci sion de s poir.ts '1 ' .·-J.ppul dom.es et pour 
ev aluer la pre r:: l Si on de densi f.i. <;ati OllS de p ointe- terrestres. Le:~ trans
f or:natiorw " :3 - syst emes" peuveut doLr ter un bor. out i l pour relier dPf' Llocs 
photogramrnetriques avec des reS 'lUX -.:eodPBique G ri urmes. Cet ar t i c;L f' :l is 
cutera l e r::or,cept des matri ces- cri tere et des trans f ormat i or1s " S - :;:. stemes" 
et leur appli cat ion p ussib l e en photogr arnmetrie. 
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A skP 1. Cll r:Jf t h e prublem 

1'hP den,~l fir·af:Ioi .)f rY,eodetic po.irctfield:- h::tf' tradionall; been b:,,_sed on 
tne ascmmpti•Jt, teat it could start from gi\·en points, \··h i ch are not 
~toch~ctic . These points were determined by a higher order survey , for 
·.d n·:h the obtained prec1s1on was cm,s1.dered rnur-h better than th:tt of the 
dem;1f1c::.ttion sur'.'ey . 
K-xper·ience Wl th motiern surve; equipment and methods, shows however, that 
in man;,- ca;::es t:hicJ assumption cannot be m;-,intained any lcncer . Moreover, 
e"iven courriin::deli should be entered a.s utoc.na;-+lc variaif~s (observatlcrJs) 
ir. t:JA adjw;tmer~ t c-f lower urder net u orks . 'I'r;i s cumplic:.itec.: the ~,djustment 

co~;;c:iderab lu ·1n.l a revis u,n of cornputin0· mAthuds seems to be necessar:; . 
Al' :.djw::,tmer,t .ir. t110 steps seems to be 3. proper answer to these problems . 
In the flrst ..;tep the net\Jork is adjusted without ~·iven points . 'I'r,i.s 
mew~s th ~ t the stren,=:th of the "free" network is anaJ.:,-sed and the se:1rch 
for gros~· Oll.~erv:.:_ti.rmal errors if; not effected b,Y ,.~iven courdinates . The 
cocrdinates of poirtt .-, in the network arJ then comp1ted in a local s; ·stem 
(seer)]) . The connection t'J give n coordinates ilt the second step :';1Ve~3 
the opp.Jrtunit~ - to to.st these UJdependentl, , of the ol ~erv ations adJusted 
and checked in the firc;t ::tep . 
In photog-r·Jlilmetr2- rme meetP 2. ,_imil.u' situ3-tion . In the traditionr: l 
approach g-row1d contr.Jl i ::; entered ir, the adjustment of aerotri:u-,gulation 
blocks a :- not stochastic . The developn,ent of aerotriang c.dation dur1ng the 
seventies made clear, howev er, that this approach is not alwa~-s justified. 
The precision of photogrammetric point determin::l.tion reaches in some caL·es 
the same level as the precision of some terrestrial surveys . The coor
dinates of ground control points should then be entered as stochastic 
··ar'iates in the block adjustment . In most 1Jlock adjustment programme s , 
th12 is not possible, so the computing procedur,, ~'h011ld be modified. 

'rh2 method given fc)r terrestrial r,etworks can be used r,ere a s well, thi ;., 
will be expl-med iE sectj .ms 3 . 1-2 . The terrestrial coordln;ttes c-,re now 
considered as being st oc.nastic, this fact r·uses the que:::ti on of what 
V::Lri:w ce-co,_·ari:.lnce matrix should be used . In many cases the original 
rrutrix il-' not av aila.ble any more, that is wh;- an artificial matrix should 
be used ins tead . Tt,e l:1tter is suppo2ed to describe the precision of the 
points "sufficient 1~:" . Grafarend [ 1i , 5 J, I'aarda [ 1 ] and Molenaar [ 8 J give 
sug:;estiom3 for the<3e artifical matrices . 
Af3 ;:;-transformations and ~trtifical covaria.nce rnatrlce' appear to be 
indlspen:;ihle in the pr:_,po:Jed method of computation, their meanine:; will 
be explained in the following sections. 

2 . S-tr'an~~formations c:.nd cr i terion matrices 

We shall fir :c: t explain the meaning of S-transformations and artificial 
r c .·ari;-wce matrices in a planimetric coordinate s.rstem, because the;y are 
eas,J· to understand . Then follows a sketch of the ger,eralisation to three-
dimension::ll space as g iven in [ 8 J • 

2 . 1 . S-transformation ir. pl a.nimetry 

Concider a planimetric independent model block . The adjustment of such a 
ul ock C::J.n be made without g round contrc.l . For the coordin a te;:; of a l l 
poi!lts in the l1lock approximate values will be introduced to initiate the 
c•:JmpuLttions . If the coordinates of two points are kept as fixed, then 
corrections for the others 1.-Till follo\' from the adjustment . The two fixed 
pulLts are called "S-base" [1] . The result of this procedure is a set of 
coordinates c'i'hich giv es the positioning of the points in the hlo .:;k relat-
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ively with respect to the S-base. The variance-covtriance matrix of these 
coordinates expresses the prec i sion of this relative positioning. 
If another S-base is chosen, another set of coordinates will be found and 
another variance-covariance matrix. So one should not speak about 
"absolute" coordinates and "abso lute" precision, be cause they are always 
relative with respect to an S- base. It is better to talk about ns-sys t ems". 
S- systems are specified by the choice of an S-base. It is possible to 
transform directly from one S-s;r stem to another, by means of S- transform
ations. 
Suppose we want to transform from an S-system with base (u,v) to a s ystem 
with base (r,s) and in both systems we have the same approximate values 
for the coordinates : 

0 (u, v) 0 (r, s) 
[ ol index i indicates X. X. 

:; j 
l l 

point number ( 1.1 ) 
0 (u,v) 0 (r, s) 

superscr i pt (u, v ) 
y. y. (r ,s) indicates l l 

S- system 
superscript 0 indic-
ates approx. values. 

The expectational values for the coordinates are not equal in both systems, 
but they do not differ very much 

/'-' (u,v) ~ (r , s) 
X. X. 

l l 
( 1. 2) ;::;::; 

....... (u ,v) (r, s) 
/"'"' 

y. 
l y. 

l 

The transformation from (u, v) -to (r,s) 

(r,s) 

[: 
_,._. 

~: j 
.. ...-

X. X . 
l l 

( 2. 1 ) _ (r, s) 
\~ y . 
~ i l 

and 

l X: 
(r,s) 

[:: -::j (2.2) 
(r ,s) y. 

l 

() 
. 0 0 00 

From 1.1 we flnd a =1, b =0, dx=dy= 0 
terms in the linearisation of ( 2. 1), then 
and (2.2) is : 

•'-' 
(r, s) (u,v) 

AX. flX . l l 
(3) 

(r ,s) (u,v) 
""'-

~ yi i.~. l 

denutes mathematical 
expectation 

- system is then 

(u, v) 
d 

X 

(u,v) + 

d 
y 

0 (u,v)l x . do l 
X 

+ 
0 (u,v) i do 

y. y l J 

so when we neglect second order 
the differeLce e7~ation of (2.1) 

l :~ 
0

1 -I r --y: ~~ Ad 

Ad~ + + 

X. Jl b 
l - ~ 

'- " 
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with x = x - x 0 etc. 

For the coordinate computation in the (r ,s )-s:-stem (x
0

, y
0

) and (x
0 

'"
0

) r r s' J s 
are kept as fixed and thus 

( I' 8 ) 
'"' ' (x 

r 

..... (r, s) 
v ) 

' v r 

hence : 

(4) 
( A""'x 

(r,s) 
""' 

(r, s) 
ll y ) (o,o) r r 

(t:.x 
(r, s) 

~ 

(r, s) 
fj, y s ( 0 ,o) s 

With (i) the transformation elements can be eliminated in (3). 
The result is 

~
"'-- (r,s)-~ 

Llx . 
r l 

""' (r,s) I l 1:1 Yri 

(u ,v) 
~::.X. . 

rl 

~ 
(u,v) 

Ll Yri 

where xri =xi - xr and yri = yi - yr etc. 

Some rewriting using (4) leads to : 

(5. 1 ) 

(r,s) 
Ll.X. 

l 

....... 
!ly. 

l 

(r, s) 

Then 

(5.2) 

Ll,X. 
l 

X. 

(u,v) 

(u,v) 

(r ,s )--, 

l i 

y . 
l 

(r, s)! 
I 

....J 

0 -]II- r- ( u 'v ) l 
- ysr ~xr J 

(u,v) 
0 /'V 

xsr !l yr 

0 -l- 0 
,- X 

- '"' rs rs 

0 0 
xri_ Yrs 

[ 

0 1 r .~ (r 's )1 X. /J.X. 
l l 

- + - (r,s) 
0 -"-

y. !J.Y -
l - l -

,.J 

llx 
rs 

(u,v) 

(u ,v) 

__.. (u,v)J l!X 
s 

(u,v) 
AY s 

( 0 0) X - · s ' j s 

So (5.1) and (5.2) give the transformation from (u,v)- to (r,s)-system 
for coordinates, and the coefficients of (5.1) should be used to transform 
the variance-covariance matrix. 
One should notice that when developing (5.1) we made no reference to the 
S-base of (u,v)-system. This means that the transformation can be applied 
to any S-system. If no base has been specified in an S-s,':stem , it is 
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c~lled a ( a)-s;-ctem . 
An important fact is that (5 . 1) has been derived from a differe!d.i::tl 
simi l;cu·i t ;_, tro,ncformati'm . This implies th;o,t ar~gles rud r:-dios of lcn,< ~·th 

'U'e invariar1t 'lith respect to 0-trm:,:forrnatior.s . 

2 . ?. Cri teri m: matr i ces 

ln tl1is sect.Lon we will concentrate on +,he ideas of Il:3-ard:.t [ 1 J , wtich 
proved to be ver;i useful Hl the adjustmertt of densific:-tt ion networks, 
whereaG the .1uthor does not know ar1y practical appll cat ions of the work 
of Grafarend . 
The ::wtificial cu.-ariance matrix, also c.:'lled "critericm matrix", of T);:,arda 
has the follow inc; ch·rracteristics : It gives circul·:r poi rr L 3lld relative 
star1dard ellipses, whereas varial'Jces of disto.nce r"itlos CU1d. M>f"h;s ore onl;; 
dependent on the shape a,nd size of the triarJe,·les from which the~,- ::u ·e t:c;ken 
and not on the actual position r)f the tr·i cuizle i11 tbe network . 
In an (a)-?_-,- stern 7 that is in a fictious coordinate s;-stem without S-base 
the submatrix for two points is 

X. 
l 

.. 
i 

d2 J 

~ i 0 d2 0 

d2-d~' 
? 

0 d--X. 
. 

J lJ 

d
2 -d~' Y- 0 0 

J lJ 

0 
l u 

d2-d2. 
:i.J 

0 
,, 

dL 

2 
- d 

2 
d . . = 
lJ 

l.. 
lJ 

·1 rn rameter \'lh1ch will 
be elirEinate·, ' ,-- arJ 
S-t rans f -J!'rn:1t i or, 

2 l. _ ) ern 
1 J 

di:;tat•rc between poin t:' i 
and j u, krn . 

c
0 

and c 1 are the parameters 
w1,ich dePu'ibe the preciEiOtl of 
the puint f1e hi. 

By mearJs of (5 . 1) this matrix can be tr <>Jlsformed to a real S-n;, stern . 
The use of this matrix i::; twofold . First : it se?rves riurin[; the 
reconnaissarJre phase of a net work a: · a criterion for tne precision of the 
coordinates to be computed . The matrix G o!Jt '"jr,ed from the adjustment of 
the network is compared with the cri terior1 matrix H via the g eneralif:ecl 
eigen value problem IG A· H I~ 0 in vmich both G a.nd H are ~"ivert 
with respect to the same S-1:ase . 
If all eigen values are 0 < ,A min, \max ,-s; 1 then vr.:.riances computed fr•.'m 
G are alwa,ys less thM1 or equal to '-' ariances computed from H, thus H zives 
arJ upperbound for the precision of H;e ue:t vmrk (:-ee [ 1 J f,S, [ 2 J ). 
Second : the matrix H Carl replace G in future computations . This meMtS 
that G has not t c) be stored with the coordinate~;, Lut the matrix H can be 
generated instead 1rhen required . 
The use of the mqtrix as a criterion for precision seems t u be more 
mearJingful for terrestrial networks than fen· phot ograrmnetric blocks 7 as 
for the latter the possibilit i es for improving the str,J.cture ~tre limited . 
For the adjustment of aerotriangulation Llocks one could make use of this 
matrix to describe the precision of ground control. This is irnporta.J't 
when use is made of old point fields ."or which the information about the 
exact structure of the variance-covariance rn·Ltrix is not available wwmore . 
Values have to be chosen then for the param0ters r 0 and c1 depending on the 
t ~ ·pe of network from which the coordir,ate:; ha·: e been compu te'i . ()11ce the 
choice has been made the coordinates of the given points enter the ad.just
ment as observations with the generated covariance matrix . The advant age 
of this matrix ov er a diagonal rnatr j x is that it tFL~es iLt'J •i.CC01.mt the 
correlation between po i nts, which in principle alvm:·s c: i:q,:· . 1l'hi:-; cor
relation is dependent on the distallce bet weer, poil'tc .. 
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'rhe effect of the matrix on the final computed coordin: ,tes is i y, gener1-l 
not so lar ;e . The matrix is important hO\·Jever, for the eva luation of the 
precision and reliabilit:. of the :7inal re::ults :1.nd for the testing nf the 
civen pointf' . 

2. 3. Three-dimensional space 

The two-d imensichal approach c:'tn lJe a pplied it1 rr~an; - cases, Lut the develop
ment of photogTammetr:.- in the seventies as a method for sp:1tial point 
determin&tion requires a three-dimension::.tl S-transform:dion attd criterion 
matrix . 'rl1ese can be obtained as a generaLisation of the pl1-r1irnf·tric 
solution . This bas bee11 elaborated in L8J, a short sketch will be given 
in this :·ection . 
A cartesiatl x, ;y-, z-s.;·stem must ue defined b~- means of sev en par:.1meters . 
These are the coordinates of two point s plus one more p".trameter . For the 
latter one is apt to chose a cuordinate (in most cases the ~~-coordinate) 
of a third point . An anal~-sis of the coordinate computation in R

3 
leads 

however to a principal choice, which is somewhat different . 
When two point s in R3 are kept ac fixed, the plat1e containing these two 
plus a third poir1t can rotate freel~- 011 Lhe line connectin,z the first two . 
OnlJ 1.Nhen the direction of the normal vector to this plane is kept as fixed 
as we' , the position of the third point can be determined u,y means of an 
observed lcn2;th ratio and l,ngle . The position of other pointr' can be 
de-termined relative l ~- 1'itb respect to the first group of three bJ- means of 
len~t11 ratios and angles . If r and s u.re the first two points and t is the 
third, then this S-s~stem is called (r, s ; t)-sy~tem . 
When the Lormal vector is p:u'allel or nec-rl~ parallel to the ;:;-axis of the 
coordinate system, then the choice of t11e :::-coordinate of the third point 
as seventh element is ar1 •1llouable approximation . Moreover , in nearly fl"tt 
terrain one can use the x, y, z-coordinates of two points and the z-coor
dinate C'f a third point as an S-base . 
The formulae for S-transformatior1s in 11 3 between s~:stems with S-bases of a 
rigorous t;ype are me1ch more complic3.ted th-w- • those in fl 2 • 
The~- will not be g iven h3re . For s:. stems with the less rigorous t:·pe of 
S-tc-u-;e, the S-transform:1.tion car1 !Je derived according to the method of 
section 2 . 1 . One should keep ir1 mind, however, that the l n,tter is onl,y
applicable under cert·tin restrictions . 
From experience with photogrammetric l_~locks i"Jld terrestrial networks we 
know that the relative po ::_;itiuning of points in the vertical sense is less 
precise than in hor j zontal ser,se . We a lso le•:u-ned that the vertical 
positionine:: is to a t;Teat e x tent stochasticall;- inde pendent of the horizon
tal po;:ntionin,::; . The :-:: e consideratior,s were importatJt :':'or the construction 
of a three-dimem:'ional criterion matrix in [ 8] . Another importatJt feature 
was the fact that larze point fie ldf' are approximate 1:- curved over a sphere . 
The matrix developed in [ 8] consists of two independent subrnatri ces defined 
in a fictitious coordinate s~·stem : one for spherical hei ghts :md one for 
"horizontal" positioning over the sphere . These suimatrices are designed 
so that the precision of the relative J:;::JSltionio:; of points is only 
dependent on that relative positioninc itself, and r,ot on the act 1.1al coor
dinates of the points . In this ''a:: a CO"'ll' iat1ce matrix ha:c: been obt:.tined 
for point fields with a "homogeneous a.lld isotrcyi .~ in""sr precision" . Irmer 
precision means the precic~ion of the cmcles and len gth r,-:-tios (attd spheric
al distatlces) which de sri be the internal ~eometr: - of the network completely. 
An S-transformati on wi l l transform the rn <.drix from the fict~_tious coor
dinate s.:,"stem to an operational ;)-s,rstem . 
Earth cu r v ature is negli:;ible for pointfields which cover small at'cas . 
In that case the three-dimensional cri terioL matrix of [ d J ' ' ' '·" r'e 2i mpli-
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fied to a combination of the matrix for heights and the matrix for the 
complex plane as given in [1j • 

3. Application in photogrammetry 

3.1. Cormection of photogrammetric blocks and ground control 

Section 2.1. referred to the use of S-systems for block adjustment. 
This will be elaborated in this section. 
Suppose terrestrial (x,y)-coordinates 
have been computed for points in a net
work with (u,v) as the S-base. A point 
densification will be made for a part 
of the network by means of aerotriangu
lation. According to the method pro
posed in section 2.1. an internal block 
adjustment will be made first independ
ent of ground control. To be able to 
compute coordinates, points r and s 

will be used as an S-base with their terrestrial coordinates, which are 
then considered as not stochastic. For other ground control points in the 
block we obtain now two sets of coordinates. 

and 

X 
(t)(u,v) 

(t)(u,v) 
Y.. 

the photogrammetric coordinates 
computed with respect to base (r,s) 

the terrestrial coordinates 
with respect to base (u,v) 

These two sets of coordinates have been computed in different S-s;ystems. 
Therefore we find for expectational values 

I= 

But if we apply (5.1) to transform the terrestrial coordinates from (u,v)
system to (r,s)-sy stem, we obtain the condition equations : 

if we suppose that there are no systematic deformations in the block. 
The connection of the block with the terrestrial coordinate s,:.'stem can be 
completed by means of an adjustment according to standard problem I based 
on these condition equations. From this adjustment all photogrammetric 
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points will get a correction due to their correlation with 

x~p)(r , s) and (p)(r,s) The terrestrial coordinates will also ge t a 
~ .-z.i • 
correction unless these are made zero for practical reasons in a so-called 
"pseudo least squares " solution (see [ 1 j, S 7) . 
The condition equations make a simple test possible for the detection of 
gross errors in the terrestrial coordinates . The solution according to 
standard problem I al l ows an adjustment in steps i . e .: step 1 an adjustment 
using ground control points at the periphery of the block and step 2 an 
adjustment using points in the centre of the block . So the practice of 
using test blocks does not have to be changed , but the tests for finding 
deformations in the blocks can be made more rigorous according to [7J . 
Some experiments on this method of adjustment have been made by J~rgensen 
[6j . Although the method has been explained for ~lanimetric blocks, it can 
be applied for three-dimensional blocks as well . 

3 . 2 . Stripwise block adjustment 

r -.~ --. F -- -- -~ 

~._-------------~ 

{ '1 lr --------·---. 

\ 6, ~-------

"!> 

S" 

l-

\ 

/ & 
\ L1 v ------..... ........__ _________ ~-- -. ~ 

' 
< 
\ 
! 
1 

,, 

Another possible procedure for block 
adjustment is the following : 
Suppose we have a bundle block which 
will be used for point densification 
in a three-dimensional network with 
S-base (u,v ;w) . In the first step of 
computation the terrestrial points are 
transformed from base (u,v ; w) to (2 , 3 ; 1) . 
The first strip is adjusted and coor
dinates are computed with respect to 
S-base (2 , 3 ; 1) . Then a connection is 
made between the terrestrial coor-
dinates and the strip coordinates 
according to the method of section 3 . 1 . 

After this step the strip I coordinates and terrestrial coordinates fur;-
one system ((2,3 ; 1)-system) which is then transformed to base (4,5 ; 2) . The 
same procedure is repe.ated for strip II and soon until the last strip has 
been adjusted . The final result is a rigorous bundle block adjustment 
where the block coordinates form one sy stem with the terrestrial coor
dinates . If required, the whole system can be transformed back to the 
original base (u,v ; w) . 
In this procedure only a smal l set of equations has to be solved (one stri~ 
per step of the adjustment, on the other hand sufficient background memory 
should be available for the variance-covariance matrix of the computed 
coordinates to be able to find the corrections for these coordinates after 
each step of adjustment . In this way one could think of a block adjustment 
which runs parallel with the measuring process . 

M. Molenaar 

I . T. C. - Enschede 

January 1980 
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