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Pitfalls in blunder detection techniques 

The blunder detection and location techniques , although always being of 
essential importance for quality control of ~djustrnent results , gained 
more general scientific attention for the past few years only. In 
numerous recent publications , the problem of blunder detection has been 
approached from various standpoints and many experiments have been com
pleted in an effort to achieve an optimum procedure . The paper represents 
a trial to scrutinize the published concepts , to analyze where and when 
the failures may be expected and finally to discuss the prerequisites , 
potentials and limitations of blunder location in practical applications 
in aerial triangulation . 

Die Verfahren der Prufung und Lokalisierung graben Fehler, obschon sie irnmer 
von wichtiger Bedeutung waren fur die Qualitatskontrolle ausgeglichener 
Resultate , haben erst in den letzten Jahren eine rnehr wissenschaftliche 
Aufmerksarnkeit gewonnen . In vielen kurzlich erschienenen Veroffentlichungen 
wurde das Problem der Prufung auf grobe Fehler von verschiedenen Stand
punkten angefasst und viele Versuche zu einern optirnalen Verfahren zu 
gelangen wurden ausgefUhrt . Der vorliegende Beitrag versucht die veroffent
lichten Begriffe eingehend zu untersuchen , zu analysieren wo und wann Fehl
entscheidungen zu erwarten sind und schliesslich die Voraussetzungen , die 
Anwendungsmoglichkeiten und Besch rankungen der groben Fehlerlokalisierung 
in Anwendungen der Aerotriangulation zu erortern . 

Les techniques de recherche et de localisation des fautes, bien qu ' ayant 
toujours ete d ' une importance essentielle pour le controle de la qualite 
des resultats de la compensation , ont gagne une attention scientifique plus 
generale depuis quelques annees seulernent . Dans beaucoup de publications 
recentes , le probleme de la detection de fautes a ete apprehende de divers 
points de vue et plusieurs essais ont ete realises en vue d 1 atteindre une 
procedure optimum . Le present article tente d ' exarniner minutieusement les 
concepts publies , d ' analyser ou et quand des echecs sont a attendre et 
finalement de discuter les conditions prealables , les possibilites et les 
limites de localisation de fautes dans les applications pratiques d ' aero 
triangulation . 
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1. Introduction 

The paper deals with the numerical treatment of blunders (gross errors) 
amongst the observations to be adjusted. The present mass application of 
photogrammetric numerical procedures (e.g. anal:~ical plotters, on-line ana
logue plotters, aerial triangulation, etc.) requires a practical solution 
for location of blunders as quickl~- as possible. otherwise one of two evils 
has to be tolerated, i.e. either the ~mooth and quick throughput of numerical 
dat a shall be seriously jeopardized b j..- inadequate manual location methods, 
or the expected accuracy of adjustment results will be jeopardized b"- the 
presence of blunders. While the l atter evi l is absolutely unacceptable, the 
former one is hig-hl.J- undesirable. We intend therefore not to dwe ll so much 
upon theoretical aspects, and mathematical and statistical proofs (which 
have already been treated extensivel.;-) but to discuss the actual practical 
applications o f blunder detection technique~ and its dangers. 

2. Present needs for blunder dete ction 

The elimination of b l unders from observations is a complex problem, which 
may be solved in various wa~-s and a t V'U' ious stages of observation treatment, 
i.e. b~- using reliable measuring instruments; b;r application of observation
al methods designed to prevent the occurrence of blunders; b;:,- safeguarding 
against erroneous data transfer; b;y planning such a pattern and arraagement 
of quant ities to be observed, which makes occurrence of blunders transparent; 
b·- te sting the functional conditions which the observ"!:tions in question must 
satisfy (e.g. s um of angles in a triar1gle must be 200° ); and fina lly b2-
detection of blunders through analysis of adjust ment results (residuals) . 
The ideal situat ion would be, naturall;;: , tha t preventive measures would 
guarantee the absence of blunders. Such a guarantee is at present practice 
hardl~- possible. In spite o f that;, all preventive measures are extremel;:.
important, and should, by Rll means, be taken in order to reduce the number 
of blunders to an absolute minimum. It follows that the J:ast mentioned 
method for detection of blunders, i.e. anal~·sis of residuals, is then alwa:; s 
re quired as a final safeguard immedi :1te 1~- before the adjus tment results would 
be accepted. Practically , it means that to~ether wi th each adjustment algo
rithm there has to be a corresponding blunder detection algorithm. 

3. Specifications for algorithm 

In order to specif" such an algorithm in more detail, we have to take into 
account economical aspects as well as present technical potentials and con
straints. It seems that whenever the numerical photogrammetric methods are 
applied, a modern high speed and high capacit ~- computer is an inevitable 
prerequisite. In such an environment we shall assume that, in general, the 
following ;;tatement is true : "The computations are quicker, more user 
friendly and less exp .n sive than the completion of observations". It foll ows 
that the mentioned algorithm should be designed to locate the blunders by 
computational methods and not b;:; reobservations. The location has to be 
possible without an exces s ive number of observations. From the practical 
point of view, it is desirable that the detection algorithm is designed to 
treat blunders of a large magnitude equ.all;- well as blunders of the smallest 
possible magnitude. For the same reason it is unacceptable that the algo
rithm is based on an apriori knowledge of the number of blunders which rna;:; 
occur. Further, the detection algor ithm should not be restricted to standard 
cases only. It is also of importance that the algorithm provides information 
on sensitivity of detection and issues a warning if this sensitivit;:,- is too 
low. 
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4. Basic formulae 

In order to enable re feren ce s for furt her discussions, -v,;e shal l give the 
bJ.sic relations relevant to blunder loca tion. In order to make it ;:;.s short 
as possible, we s hall avoid any proofs and derivations (which may be found 
in Mikhail (11) and Stefanovic (16)). The relation between the vector of 
residuals v and true observation:'l.l errors~ i :::; g iven by 

~ = - Qw.f = w~ 
which is valid generall.;' for em: - t:,-pe of thE: least squares adjustment. The 
matrix Q represents the cofactor matrix of residuals and W is the weight co
efficient ma trix of observations. All Q, W and ~ are known or rna.;- be com
puted after ad justment. I n order to enable easier general treatment of ob
servational errors, the true err ors t shall be replaced by uncorrelated, 
equall:- accurate errors l . Thls rna;; be achieved b~.- the following trans
formation, S. = V§; 1 where V rna;:.- be obt 3..i.t1ed b:,- decompositicm W = VTV, which 
is alwa;;-s possible if W is a s ;:.-mmetric positive defini te matrix. So the 
residuals can be written a s a fun ct i on of uncorre lated, equil.lly accurat e 
observqt ional true errors : 

(4.2) v QV~ = vr;_ 
The ma trix W QW is .i dempote nt 
is non-singular gives the following 

QWQW = QW , which for the case where W 
rel ation QWQ = Q or 

(4.3) vvT = Q 

The relations (4.1) and (4.2) are of basic importance for the understanding 
of blunder detection problem. 

4. 1. Acceptance interval 

We assume, that the errors l. have the following characteristics : 

(a) errors of a smaller mqgnitude have a larger probabi lit ;:.-; (b) no error 
can assume a magnitude larger than t 1 b:' norma l observationa l procedures. 
With the help of error propagation laws the acceptance interval for v. rna': l v 

be estimated using (4.2) and (4.3) 

lv.l / \,fC; 
l ~ ll 

(4 .4) t 
1 

The inequalit;-,- (4.4) ma;y- be divided by ~- , what brings it int o the form 
ll 

usuall y applied 

(4. 5) \vil/~i<t 1 
and where the left hand side is completel;r defined after ad justment is com
pleted . For the expression on left hand side the term standardized residual 
is used (Mikhail (11 )). The symbol t 1 stands for the so-called critical 
value. In place of this statistical term we sh ..,_ll use the techni cal term 
tolerance in the further text, meanint_;' the maximum value an individual error 
~rna.;- assume. It is not difficult, b;:.• application of similar reasoning, to 
estimate the acce ptance interval for more than one re sidual s imul t<'l.neousl ;:..- . 
For this purpose we s elect several rows, i, j .•. (say pin number) from 
expression (4.2) and obtain the condition : 

(4.6) d ~t 
p " p 

where tp represents the upper bound for the norm of a vector cont a ining 
p errors [ : 

( 4. 7) \f2 = f, 
1 + + + 

690. 



t max t 
p p 

The quanti t;,c dp 

(4 . 8) d
2 
p 

where y_ is a vector containing a selected combination of p residuals and 
Qp is tRe corresponding subm3.trix of Q. For the sake of completeness, we 
shall also add the well-known accept:wce interva l for the sum of weighted 
squares of the entire set of residur1L; : 

(4 . 9) s = v:;_r;;; < tr 

~iliere r is the number of redundillrl observations . 

4 . 2 . Sensi ti vi t- · indicators 

Obviously , even if the inequali t~- (4 . 5) is s:1tisfied, in general , we cannot 
say that the indi7idual values E:. on the right hand side of equation (4 . 1) 
are a ll inside the pre-specified bounds . Simple anal;::si s reveals, that if 
the left hand side of a row (4 . 1) is known (i . e . vi), there are n-1 free 
unknowns [ on the right hand side, which may a~;sume an;;· arbi trar;:.· values . 
In order to overcome this difficulty we shall suppose that n-1 errors are 
acceptable (i . e . compatible with assumed stochastical characteristics) . 
Ther1 we are interested in the maximum magnitude of a true error £ j selected 
from all n true errors . With the help of row i of (4 . 1) its estimation rna;:; 
be completed using the knowu error characteristics and Cauch~·-Schwarz in
equality . Such a maximum magnitude (max imum ur,detectable blunder) shall be 
denoted b;:- e .. 

lJ 

(4 . 10) eij (d1 + t1 (1-(w .w .. 
lJ Jl 

I w .. )) 1 w .. 
ll ll 

where d
1 

I v.l . The maximum mazni tude of error 
a special significance 

(4 . 11) e . . = ( CI
1 

+ t 
1 

V q. . ( 1 -w. . ) ) 1 w. . 
ll ll ll ll 

E.. when v. is known, has 
l l 

Of course, we ma;:,· select several rows in expression (4 . 1 ) : i , j , . . • (sa;;· 
p in number) . Under the same assumptim1s as above we are now able to com
pute the maximum magnitude (norm) of the p-dimensional vector containing 
any combination of errors f.. . However, the formula shall be given onl:i for 
the c a se where the indices for the E. in quer3tionm :md v are equal, which 
corresponds to the one dimensional case (t.\ . 11 ) . Using the same s ,:,rmbolog;;.
as in (4 . 11) the maximum ma,s'Yli tude in the three-dimensional case ma:· be 
denoted by, for example, eijki jk ; but for the s·Clke of simplici t;:.- the 
indices shall be neglected . In cmch a way we ma;:.· write a general formula 

(4 . 12) e = (d + 
p tp V'Ama:x (1 - Amax )) I ~ min 

- 2 2 2 
where d vi + v j + A min and A max are minimum and maximum latent 
roots o¥ the relevant subrrntrix of W and >-ma.x is the maximum late[d root 
of submatrix QP (see -1.8)) . Naturall;:/, the expression (4 . 10)(4 . 11) and 
(4 . 12) can be evaluated only after adjustment and are not dependent on the 
procedure for blunder detection . 

4 . 3 . Apriori sensitivity indicators (blank range) 

However , for planning purposes we would like to have the mentioned inform
ation in advance . Then, of course, we have no residuals at our disposal . 
But the matrix W rna;;· be simulated , often with high accuracy, and for re-
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siduals (or values dp) the most conservative estimation rna~ - be introduced 
i . e . the maximum permissible value . Naturally, such estimates are, then, 
dependent on the blunder detection method . We shall assume, that tests 
(4 . 6) or (4 . 8) are to be applied . The expressions correspondinc to (4 . 10) 
(4 . 11) and (4 . 12) rna,:;- now be directl~ written . In order to di::'tinguish 
thePe new values we shall denote them by e : 

(4. 13) 

(4 . 14) 

(4 . 15) 

e .. 
lJ 

c 1 + v'1 cw: .. 
lJ 

w .. 
Jl 

e .. = (1 + V1 - w .. ) t
1 ll ll 

I ~-.)) t1 
l_l 

'r- Ivq,, 1 w .. 
ll ll 

~I 
ll 

~ max) tp ~/ }.min 

w .. 
ll 

The quanti ties e may be sui tabl,-· named blank range . The.:,- represent the 
maximum magnitude of a blunder, which can stay undetected if the given 

2 blunder detection procedure is applied . The sum of s~uared residuals s 
may also be expressed as a function of true errors : 

S 2 -- -t> T WQW_c __ . _r Tw"'_c 2 N c 2 C\> r 2 c... c.. t.. c.. or in approximation s = w
11

c...
1 

+ w22c. 2 + 

Assumine;; that all other true errors except C. are acceptable, we rna~ obtain 
an approximate estimation of the maximum magfii tude of the true error G. when 
the inequality (4 . 9) is satisfied l 

(4 . 16) e. = (t - m )/w .. 
l r r ll 

where mr is the minimum which a norm of an r-dimensional random vector can 
achieve . 

4 . 4 . Contribution of individu~l observations (or groups of them) to the 
total sum of sguares residuals 

Consider the following problem : we have an adjustment with n observations, 
from which r are redundant . After the adjustment, the total sum of s_quared 
residuals s2 = vTWv may be computed . Assume that the number of observations 
is now reduced Tso~e observations may be excluded, say, pin number) . 
After completing the adjustment Hi th the new reduced set of observations, the 
new (n-p)-d.imensional vector of residuals would have been obtained v . Also 
the new sum of squared residuals s2 = vTwv would have been computed where W 
is in this case (n-p)-d.imensional subm~trix of the original weizht matrix . 
The question is : what is the relation between s2 and s2 ? It may be shown 
that the following formula is valid (see Stefanovic (16)) : 

(4 . 17) s2 
s

2 
- d

2 
p 

This means that the new sum of squared residuals rna;;.- be computed without 
actually executing the new partial adjustment, bec2use the right hand side 
is completel;>- known directl~; after adjustment of the entire set of observ
ations . While all other formulae in this chapter are valjd with no restrict
ions for any type of the least squares adjustment with non-singular observ
ational weight matrix , the formula (4 . 17) is strictl:· valid onl.:,· for uncor
related observations and non-iterative adjustment procedures . 

4 . 5 . The limits of blunder location 

The given formulae rna;;- be used to anal~-se the limiting factors for blunder 
location . At fir::;t we shall take the case, when p = r , i . e . the number of 
observations to be tested is equal to the redundanc;:.- of the s ;y-stem . If r 
observ.1-tions are excluded , we alwa~-s get a perfect fit of residual system 
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compris i ng onl y of t he necessar.:.,- number of observat iom~. Consequent l; -, 
i ntr oducing s = 0 in equation (4.17) we ohtain d¥ = s2 , wh ::... t means that a ll 
poss i ble dr have the same val ue e qual as the s um of s qCJ.ared residua ls. The 
test s on al l dr g i ve t herefore exact l .:., ' the same re su lt, uhat makes 1or;ation 
impossible. If the size of t he t es t e,rroup is increaseCi 1'urther, i.e. p>r, 
then ev en de tection is not possil'l e . For r::omp11tati nn of dp a n inversioL of 
a submatri x of Q of size p is re quired. Because Q has r ank r, ever:· su b
matrix o f Q, which has a s ize l·>.rge r t han r, ls singuLrr , mak ing t he c a l
cul at ion impossible. But even subm:i.tri ce s of Q, which h::oe a si ze s mal ler 
than r, may l.Je come s ingular. So, obvi ous ly, in such a ca~· e computation of 
dp i s n ot possible even if p is sm;;t l ler t han r. Conclud ing we rna.:· sa;v : 
i n order to enab l e blw1der location the number of l.J lunder s .has t o be f;maller 
than the smallest s ize of a non-singular subma.t rix of Q correspondin,~ t o 
the observati ons i n question. The analys i s here i s con cern ing abso l u te 
l imit s onl .:.,- . But the quest i on of sensitivi t : - is e qually import ant. 

4.6. Iterative adjus tment 

The questi on of b lunder location i n i te ra.t i ve procedures requires speci a l 
attention because most phot or:r a rnrnetric adjustment problems 3.re non-linear 
and therefore requi r e iterative so luti ons. If a ll necessar: · iter .1tions ar e 
completed and the fi n a l re su lts u sed , all gi ·en for mul a e can be emp lo.:.,·ed 
with out any changes except (4. 8 ). Moreover, the v alidit :; 0f this formula 
come s into que sti on only if used in connection with (4.17), when b lunders 
are actuall~ present. The rigorous value f~r dp i n such a c a se (t o be 
den oted bu dp) rna:,· be computed as foll o IS d~ = d~ + c , where c is the 
ccwrection whi ch can be computed a ccording to formu lae ,c;-iven in StefaxJOvi c 
( 17). 

5. Definition of blunde r 

All variables in e quations or in equa.li ties given in Chapte1· 4 rna~- be wra.lu
a t ed as a result of the least squ ares adjustme nt except the t o l erance tp, 
which has been defi ne d as the upper bound for the nor m of a vector containing 
p uncorre l a t e d r u1dom vari a.bles (observationa l e rrors Z) . The pr actical 
pr ob l em, which has n~w to be s olved is the est ima ti on of t he maximum t p of 
the random func t ion tp (see (4. 8 )), e ach term of which is 1:·ounded. The 
pro cedure which i s usuall~- recommended for e s tabli shment of tp is the follow
in3' (Baard a. (4) , Grun (7), Mo l enan (12)): It i c i n the first pl ace ass umed 
that t are norma.ll .Y distributed with zero as the expectation for the mean 
and 62 as the apri ori kn mm reference var iance. I n such a case the stat i s tic 

(5 .1) 1< 2 = t2 I 6 2 
p p 

') 

is dist ributed as .9) '- wit h p degrees of freedom. It ls , now, onl.~- ne ces sary 
to se lect the so- called confid.e nce level 0< , find i n thefi2 - t ables corres
pondi ng critical value j; 2, and compute the t o lerance 

~p 

2 2 2 
t - =X 6 

p o<,p 
(5.2) 

Naturally, in place of the J) 
2
-ctistribution, we rna~- use t he 

whi c h, if the reference var iance is a.pr iori kn own, leads to 
results. We ma.,y s ummarize t he basis fo r a.pplic.::tt i on of the 
method : 

a ssumed to be normally distributed. 

F-di stributi on 
exa.ctl;; the same 
above-mentione d 

( 1) True errors (C) are 
(2) The expectations of true errors are zer o and thei r variance i s a.priori 

known. 
( 3) Confidence level o<. has t o be selected . 
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Each of the abcne -menti oned pOHJt s i s li a ble t, o criti ci sm. I n the folloving 
we s hall d is cur;s each of them in more detall in order t o fi t,d out, 1 J 1at a.I' 8 

the d :;x,f;e r <·. r:r.d how the remed~- can, eventu'llly, be found . 

5.1. Normal distr ibuti on 

The experiment::; s h ou th ·-t t the o11serv e1ti on <>l e rr or s Hi t h erh~ ch >Je Lave to 
de al i. n prlo t opT _ ,llllllP.tr~.- , :::urve; ·ing, a st ron omy , et c., are oft en 110t D(;r ma ll 
dif> tri but ed , see Rom::tnowski (1 5 ) . The shapes of distribution curve s obtal~l
eJ. experimenta lly differ somewh:1t from norma l ones ar,d t he; lack tbe t :Ji l 
3J'eas. Thts lack of t a il are a s compl i e s with the defini tion o f b l under 
g i ven e arlier : in both cases the absolute val u e of an observati onCJ. l error 
is l imited. On the other hand the rtpplication of the normal di~tr ibut:ion 
has ,:_,Teat practical advant ages : it is theoreticall:· ver~- 11ell defined and 
easi l:- avai l a1) 1e in tabular form. 'rhe differenc es bet 11een t he :sl:: apes o f t he 
,l,ctual c:.nd the n or mal dens ity curves are usu all~ · n ot ver~ - l n g e if the t :1i ls 
are cut of f, and the s ame is v a lid f or the Y-, 2-distributi on (see fi r_~.1.) 
The me n t ioned nhortcominco:s must, however, be k ept in mind in order t o ·w oid 
mi si nte rpret a tions. In the firs t p lace, the probabili t i es derive d wi tit tf,e 
help o f the norrr1a l (or :f., 2 ) di s tr i bution func t ion have on ly a S::Jrrnbolic 
value. This is especiallj- criti ca l i n the tai l areas, which do 1.ot ex i s t ir: 
the a ctua l di s tribution . I n orde r t o illustrat e that, we shal l f~ iv e :1 simple 
example : a ssume tha t true e rrors are :1.ppr ox imatel,:; normall;y d istri 1uted 

Fi",Ure 

with kn own v-ui'U'Ice and W=L \rle mil.:. 
imagine ·m observatio!l i for wh i ch q ii =1. 
In such a case all off diagonal e lemeuts 
i n r oF i are equal t o ze ro (bec ause mat ri x 
Ct is i :iempotent). Fr om (4.1) we obtain 
--i = [i which, if (4.5) ic s a tis fi e d , give s 
l [ i I <. t1 . Qb~.'i ousl~.- , e ·.' e r 2>' true error 
larger thau t1 shall be discarded t; · the 
te st and t he re will never be a wror1:?: 
deci s ion wh.:l.te·.rer o<.. we chose ( n o obs er· '
at iona l err or larger tha1'1 the tolerai'Jce 
can s t aj· undetected). 

5.2. Me ar1 value and variance of true obser-'ati onal errors 

We s h all not discuss here the c ase f'. , wher1 expectations of true errors ne 
not zero, which mean::, in other word s , that so- called s~;stematic error s 
exi s t. Obvi ousl ~: , there is a s tr ong inf luence of s~·stematic errors on 
blunder detection. But we intend t o tre a t the b lunder detection i n strict 
ly productior a l environment. Then, we as sume that the mat hema t ical mode l s 
and t he measurinc i nstruments are te s ted ir: ad· ance suffi c ient 1:· \!e ll in 
order to guarantee that s;:.:st emati c error ::; are a t l east pr a cticallj- ne5ligi Ue. 
The same reas onins justifies then the assumpti on that the vari ance i s a priori 
kno\J-m. llo ser i ous production C3J1 be s tarted without kn owi n g the accurac,y 
attainable wi t h the available meas urin g instrument s ar1d meth ods . Comr:.u·ed 
to the s ~·stemat ic error prob l em, t he pr ob lem of t he var i ance i f3 ::omewh a t 
easier to solve, because, if the a pr iori value is n ot kn own, we hav e the 
aposteriori e s timati on of t he variax1ce alwa::s a t our disposal. Some a<Jthors 
(Pope (111)) pl e ad f or the usage of a post er ior i estimated variance i nst ead of 
apr iori value be cau se "si f:,"Yl ifi c ant differenr,e s between the two n.re evident 
in the practi ce " . This is, of course , al wa~·s possib l e b:; insert i n '{ t he 
estimated variance i n stead of a prior;j. v alue in expression (5 . 1) al'1d b~- <1Sing 
the F'-dist r i buti on i n s tead of t he :X 2-distri buti on. Pope himself u ses some
what d iffer·er;t appr oach and so- called C: - distribution. The usage of aposteriori 
varial' lCe h as, however, t he following s e riou s disad·,; ·"i.l'lt a t:-:-:e: if there is a 
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LJLut tdC J' ::wnor1g' thr.3 ob:::, e rv atiun~", the estim-.ted varia.r; ce be comes l arge, and 
·1.Lidi tj nn:1ll y , the cr1 tic.:.. i value o f the F-di st ri but 1 nt: uecorne<:; l r :_:er, if 
t be de ·;-r·ec ;· o f freedom of the est i mat ed v .:u:iance be corrres s •D'l, l ler. This 
rne'lns t J,a t the t ol er ;:u,ce t become~-~ Ilflll~h too l a r ge and trr e te ~' t (4 .6 ) toe 
d r -t:. •:: 1 ! :· 1 t i v e • 

S.) Se h~ctiort o f confi.d.ence level =< or to lerance t 

Aft e r se]ect i rr.; o<__, c:lll d <-· ssurning 6 2 is kr: own, the t o l e r ance (5. 2 ) rna.:· he 
o~ ; L·-J: l i :--;heJ . Prac ti cr.ll ~. it me anc tha t, b; · dving s o , we LiefH :e t he ma:~imum 

ob~~er··rtti<x,r.t l erron,, which shall be tolerated (or in other words 1 CJhie;h 
a r e nnrn::dl,:· no t exce e ded i.J.; st :,_nd a rd obser• a ticn:_·l pr ocedurf•s). Some 
a ·1th ors 1.orho use the f or mali sm of stl.tistical h;ypothec i .> test i t · -~ for blunder 
d e t e ct i on (Baard a (4), Mo lenaar (1 2 )), consider the se l ecti or. of C><. 1-s be inp; 
a :n : dt,~r uf persor::d t a ste . Such a proced ure is nc-L tur- :31 b; · usu:• l sta.t l stic -~1 

te:->tin,:s , 1rrhere more object ive criteria are not av :1il al ·le , and 1·•hero the 
''e l ectecl o< reflE~ ct'" onl,y· the d e;~ree of cautiousness the :c>tati stie ian s.h uws 
:.t 5: tltJG t ''I' i n fa: ·our of accept::u-Jce of the h,·,-pothesi ;- . I n our case , however , 
t •. ~ selec t iJ• s o<. tve shd l e st:.:.bl i sh t h .: maximum ffi a{~t i i t ude o f an er l' or, wh1ch 
ca•. h~1.pper1 if the observ:-.t i or1..: ~u ·e executed wi t h d ue c<:re. · Such a "l.l ue is, 
r,nvJ , nl, t w ; ~ ·mur'e a matter o f tast e , bu t exj <c~ts ob.Jecti·'el~:. It seCJms , t hen , 
rn·~rG n.ppropri :,te r,ot t o expr ef' ~i the tolerar: c e ind1rect l; b; · o< - v 3Jue, but 
t CJ -~-l" e it direr~tl ;·. The re are a uthorf' who support such a pre ;,:E;n t; a tioJ ; 
( Mo ln :v (13 ), Pc)rstner (S)). If onl~- t est (4.6) i s p l a nned nc>t hin,.•· e ·~-e 
bu t L 1 must be C:.aterrnined empiric:'l ll;, . Otherwi:-e •:e L·t '.'e to d i ~ ·pm'e wj_ tL 
ern p i t' i CA.l v :"t1U(:r3 fer :·, ll required t p· Such a set uf v a luE:: s vwu ld be t ~te 
rn<J F: t ·. ':l. luable Olie, be cau3e it would adapt our teclt tn t l't e actu:.d e rrc:,r 
di r;L r·; tmti oL. l f it is not av'1.i l a b1e.? the :1pr iori knowled ~e of 6 2 :is 
r e;rv~ .\red. With hel p of 6, t1 :.:.nd X -t aoles the requ irell L[LFJ.ntities t p 
nn.;, : '''" '":-: t :1X l i 3hed 

(. f~• -Jnarkr:~ OL k rtO\-'t ' blunde r de tecti Oil rnroth od~;:; 

'T'he < J' ~• 1 al l; · ;,_yplied F-t e s t or~ the :-lP')~>teriori refen·: ;ce v· tri:·t.nce i~ equ'tl 
t ~J the t.'"~'t un :·um .Jf squa.r·ed rc~·3 idu a ls. The merit.; o f t he t e~ ; t are: i t 
i':i·;e:~ " ].;lJa.l c heck fc· r the wh[)l8 " .: :; tern and requi re cc; l tttl t-' comrutatjon. 
'T'h e ~'e rtcus dil:; · ~d·:;-wt at ~e ic· : n n Ll under locat ion i : pu ;:1 f3ible E~nd tbe 
r-eJ ,c. :tivlt,y i~- lnw i;. l::Jr~f' r ·Jddr:d _ll tc;· . Obviously, the tr;:·t on the refere nce 
· :.w· i r,.r , c ~ r; j L~ UP <? f u 1 ord:· :.t:-' J. r•Y.l fi- h t nd i cat i on. Wi th the no t ·-1t j 'lt: u. ~1r:;d in 
( l . ';-) 1; !;e clc.,, :~, ,tc:a. l t e::->t on r·c:.'udu a lc: ma,jr L:: vrritteL aG 

J lc~ r' .:: \:e rna~ · :l "t f: ') ,"'i 1Je t he l ·l ar k r c:.:.n T'e 

( 6 . 2 ) = ( 1 vq. ( i 
-

) t 
1 
/w . e . + - w . 

1 1 l l ll 11 

\Ir• .Lc b ccJ!npr_tred tu ir:d i<''J.tor (4.1.:1) :>Jv-ret; ·s < i "e::- a large r valr1e, if applied 
t o tL·; ;:; me o t;serv .-t ion. 'T'h e -,-;:due ei 1 c.,pproaches the va lue e li a.~; t he wj 

1 
~,~, ppr • : ac h c-;r: ,J t,e . 'I'he deffj cienc~. nf c L c~;s: c'l. .l tes t s 011 resi dual~:: i ;:~~ 1Je e l: 
·- :d <? n :~ive l:, discus:::;ed i n var·i_uu::; pd.per::>. ::iometimes, an;,.·hu~ ; , the nrerits ()f 

the method (e.(!, ... ·mal l computatl· ..r;a l effort) m-,_~ - be exploi ted . This c:w be 
d cr:c' , :1~: Fcit'~:;tue r (5) indicJ.ten, 1;he r, all w:_ i ar·e equ:-d, and ever: be tter 
1 Ihert t hc"c··· a.re cl~Jr;: to o1re. 'l':·pj call~, , the ari thme t i c mean posc:; esses such 
\.. h r:-i.l' ·...~.c: ~ . ~~ r· i ~~t .L cc. 
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6 . 2. Data snooping 

Paarda was the initi3,tor of modern numerical treatment of blunders . His 
various publications are invaluable contributions to the discussim, of 
statistical a::::pects of the problem . He also desigr1ed a blunder detection 
procedure (Eaarda (4)), which i:J well known under the name Datil Snooping . 
It was used later as a basis for V::u'ious invariants . Therefore, it requires 
special attention . Hc:.arda uses the following test : 

(6 . 3) 

where Wi is row i of matrix W and (WQW)ii is the diagonal element i of the 
matrix in brackets. For the case of a diagonal W the above test assumes 
the form (4.5) . There is no attempt for numerical location procedure . 
r"',ardc-~ (4) concludes : "Data-snooping will therefore aLraJs be a risk.;; 
activity . Remeasurement of all xi will alwa;',"S be the safest way, a lthough 
this will usually be avoided for reasons of econom~-, and because conceivabl;r 
remeasurements will include new gross errors" . Obviously Data Snooping is 
desi,;,"11ed onl~ - as a blur,der detection and not as locati011 procedure. Baarda 
(4) actuall;', require~3 that test (6 . 3) is executed onl,r if a global test on 
the reference variance indicates blunder, which is clearl .J· a conceptual 
rnlstake . Some users try to extend Data Snooping to enable the blunder 
location (Forstner (5)), while others ·1ppl;';· it strictl~:, even considering 
ever; residual not satisfying inequality (7 . 3) to be a blunder ( Grun (8)) . 
The suggestions to compute the coefficients qii only approximatel~- in order 
t,) reduce computational effort (Grun (o)) lead to the situat i on which is 
somewhere between the classical test on residu'1-ls and Data Snooping with 
all its consequences . 
Although it was de veloped complete 1 ~ - independent 1:· from Baarda, we would 
like to mention here the procedure developed l1,1- Pope (14) . He gives a 
ver;:; valuable anal .J·sis of expression (4 . I) . The detection procedure is 
based on an inequalit,· similar to (4 . 5) and shows some agreement with Dda 
Snooping . It differs from Data Snooping in the following : no test on 
reference vari,'lJlce is required and for the determination of critical value 
the so-called tau-distribution is used instead of the F- distribution . The 
question of blunder location, Pope also lenves open, and requires further 
diae;nosis for all observations vJhose residu~~LJ do not satisfy the inequality . 

6 . 3. Maximum standardized rPsidual 

Kraus (9) was probably first to suggest blundc.r location with the help of 
the maximum standardized residual d 1 • The procedure is very :cimple : the 
largest standardized residual, if it exceeds the tolerance (4 . 5) is con
sidered to be a blunder . Forstner (5) delivers the proof that, if only 
one "blunder is present, the maximum standardized residual alwa.:,.-s indicates 
the "blunder . Unfortunately he neelects the other random errors ar- well as 
the influence of iterations, so that the proof has ver2: limited ·."alue . The 
experim8Xlts show clearl.:,· that, even if one blunder is present, the maximum 
standardized residual does not necessarily indicate the blunder (see Molnar 
(13)) . 1'he procedure with maximum standardized residuals, therefore, in
volves a certain risk . Concluding, we may say, that the procedure with 
maximum standardized residual does not require greater computational effort 
then Data Snoopind and, for the case of dominating diagonal elements of W 
and one blunder, delivers reliable blunder :Location . Here should be mer1tioned 
also experiments conducted b.:,· Forctner (5) to enable treatment of more than 
one blunder . But because it requires the knmvledge of mutual relationship 
of those blur1derc , the practical value of such approach is not great . 
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6 ·4. s--stematic elimination 

In or der to avoi d the difficulties encountered when us i ric maximum st::uldard
ized residuJ-1 the inequalit ;,- (4 . 17) ma;y be additionall:- utilized. The 
blunder i s , obvi ousl:,- , located if for a certain residual d1 /t1 and s<t(r-1) 
is valid. If the condition for s is not satisfied for an:; residual we con
clude tll<:tt more than one blunder is present and proceed fur ther b~- computing 
all poss i lJ le d2 and a fter that d 3 etc. If both condi tiorts are satisfied for 
more than one d1 (or d2, d 3 et c) the blunder c annot be precisel: located 
(an~- of the observat i ons indicated may be b lunder). The ob ject ion against 
the above method i s, as mentioned by Moln:ll' (13), that the test on s is 
relatively i ntensi tive. But the te st on sis not used for det ection of 
b lunder:::;, but onl:: to di:::;ti ngui sh among the c:mdi.::t es for rejecti on. The 
de te ction is actually completed with help of (4. 6), which is the most 
sensitive test. 

6. 5. Pre-adjudment detection of blunders 

The blunders rna~· be detected even when no adjustment is comp l eted, if 
conditions equations rna;-;" be est ab li s hed includine; observations artd constants 
onl:,.- (e.g. the sum of angles measured in triang le mus t be equal to 200g). 
The blunder location in such cases is di ffi cult to solve be cause nothing 
similar to the maximum standardized residual or rel a tion (4.17) may be 
found. 'I'he onl.:,- remedy is reobservntion or anal;,-sis of the coefficient 
matrix, which, because of i ts arbitrar;;- structure, is ve r:· unreliable in 
general. 
Hov;ever, the pre ad jus tment test s rna~ be ver~- u s eful in special cases, 
particularl:- whe n individua l condition equations include onl:.- a ver .:,- sma ll 
number of observa tions. An importar1t role i s p la~-ed here b.J- a special 
group of tests, which rna:· be c a lled quick checks. Sush check s are c har acter
ized b: - l ow sens iti vity (aimed a t detect ion of large blunders) hi gh location 
power (each condition equation includes onl:- a few observations) and negligi ble 
computati onal effort. The checks of that t~·pe are inevitable b:,c iterati1:e 
procedure 3 1 be cause large blunders rna: · je opardize the convergenc.:,- of iter
at ions. The pr oblem of more sensitive preadjustment te sts is ver;; seldom 
discussed in publications on blunder detection. Especial ly in photogramme
tric app l ications, it is difficult to est ab li s h ar1 a ppropriate set of con
dition equations. One of the few contributions to this subject (Molenaar 
and Boulouco::- ( 12 )) s h mvs the deficiencies of such 311 approach (restriction 
to the assumption of one blunder, complicqted logic for locat ion of the.,t 
blunder and a set of condition equations which is complete for levelled 
photogrammetric models only ). 

7 . Sensi tiv i t,;,- of blunder detec tion 

In order to obt a in pra cti cal l;. useable information about blunders the follow
ing indicators may be proposed after comp l etion of adjustment the indicat
ors, e, giv e information about blunders which rna~· still be present in the 
system. The ind icat or eii (4 .11) is of centra l importance. The formula is 
valid if n o more than one b lunder i s expected in the s~rstem; in particular 
if r esidual i i s involved the b lunder is expected only in observation i . 
A b lunder of ma;n i tude bet ween t 1 and e i i may st a,'/ undetected. If two or 
more ll lunders are expected, indicat or (4 . 14) for gr oups of observations ma.:,
be u:::;ed. For planning or research purposes the indicators of the t.:,·pe e 
(c).. 15) g ive in for mation about maximum rnagni tude of b lunders 'rhi ch may stay 
undete ct ed when test (4 .6) is used for blw1der dete ction. For other t: ·pes 
of te s ts such i nd ica t or s (b l ank r Pnge) rna, also be easil,:,- computed (e.g. 
(G.2)). 
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'/. 1 • Re 1 i ::Lbi lit · 

, .. ii:JJ"d~t (J) define:" :-;,,rj"it.ivLt · 1ndic~~tur fur D·cl.f·i. SmYJplll~r, ·. -LlC:lt lL c•Jt:LPCt-
nJr. with f:o-c:il1eci n:di~ttJillt· g8jned 1t-1ide pcpuLJritc,. 'I'hit: Lt·.Lc:tt,Jr lJE.dor,,_J;;s 
L1 L1< c:ate:_~or,;· ,jf ··prH,rl indicator:; :lLl is dirE;ctl:.' corllparaLle \;j_tL (.i.i)). 
Pnc:m:w 1t differs frorn (4 . 11) vJe sh:-dl qt fi:::t tr.· to Cl.rl'tl.:.:e th'? d.iffer~-
er,ces . l~·lvda introduce: fur the mentior1s:l iL<lic d.•;r the " ,_.; ~~ . Appl,.'-
ing the det:otalirJr. u;ed e•.trller· (b.~) ie m.~.· 'A'r1l.f' 

Cr • 1 ) 6 'ff! v'(1~(~W) .· 
()I · 11 

'rner·e J iro non-centrn.li t y paru.met J.r of F-di;:rtrioution - function of rx._ and 
~· ;::a:.l.Y'da (4) def.inecl ; "Ir!lerrw .. ~ rel1abi lit.~· j s de:~c;rl oed U:e lo·:er 
LouLd:; ..-?"_ ", for ~T,;.s;; err·ur ""f wi1ich r:ar1 JW:'.t l>e detected the tun V ;.J ..{_ l. C• V } 

witlt --i·: eJ. rr<~l·•3J,illt,y ~ ". There ·u·e t1;Jr> objections for LJ.~;inlc'· V. 
(a) thc::uret1 cal one and (b) pr·1.ct 1 cal oN:. 

(a) 

( [: ) 

'l'he v~"lue '7 L::> der1vcd. as. umin~£ tn··t ~"· bhwd.Pr l.~· str :;llc:;_tl·~:J.l V:trl· :~ble; 
r.orrr,~dl.:; dic:;t.r'ib,Jter1 wit.h "Ju.ri;:;_nce equal to reference \"a.r.iar;._::e L'Jt 1 cm
zerJ mean. 0uctl a coLcept uf hlunder does not :l< re,c; "r it.h rc:~li-t<, , e.x:
•:eJL for a fe~v c·,+e .. ~orie ; nf blunr:Jer:c (P .... uLmerv:dim: of Wt'0'1t:· t "r;ct ). 
Mal flJ.nctionilJ~· of recurding device, for ex~unple, produce~3 ~:·; tlY>ciPl'. ' '.:ni.ch 
a:r'e c l cu.r l'v nYJC<mrp; it i b Le w·i t h above cur; ee pt . 
In orde.::' -t,,, llw·-+:r,lte the actual U1formation c.-'-t,'lill-"thLe u;, \7 ;;co ''hall 
a~3surne that "'7 1_ 1c: computed for ''X' obs'~rv3.ti.JL 1, ~vhicn p<JTtlc:i.pett<'d u 

an ·c;.djwotmCJJt . Co!:cei~.-e '•'-:·~Lill L repet1.tiur1:~ of <cdl UcJ~serv:,t.ioll:·, ~r; hcre 

f'"iCh r-ealis:dio•1 uf ut;,..;r.,r-v'tti;)n i ic-; r,i;j,;;c;d b:; 'I i J.ncl :•dd' 'lor,- l.l,:, 
.. ffected 11;· r·tr,1 Jrn Prrur~~ • n the' ::::u.me '·:<: a..> c·ther ct.:;, r";·d 1 c·J·. : J' the 

.C :.tt ~3L0oping is c".ppL1ed on ad n adJU•'~rnentc' 7 :.::.ud r; .1.f~ i:;r~·:, . lcr:otl . ·h, 

tnen we exre ct thctt ir; 100P < of all c:q:.:e;" trw rJlundPr r3!J:dl 1·e dl t.cc:ted 
lJJ uhsec>.·cition i .~nd. in 1()0 (1- IJ ) ,- : ,f ca.k~> 
·tpnroxim:•.~.-,1.· 1 '!rrnall:, distr'i.buted er-r 1r~~ m, · 

nut • 

actuall~- be so . But is thi.s the informatior, we reed for 1>lunder detect-
L•r. ;:-;ensitivi 

The f:r·-t rrue~;tiuL, , •hich has to t.e .'Utl'''·JrPd "' wnether ~.he: .,up11cat.:<t. ,_,f 
:3nplli tLcJtud numeri'': d LJunder loc·-,tl(JJJ methods ~'o ecnr;<.:r:i.c·dl.· ttl ' 'Llfled. 

lf the cor:dttionc; rr,c·J.tl•Jr,ed llr ch ·.pters? cHJd 3 ~we "':.tT .~;ftc.Jl, t:'c't. t:v 
q,_u-<,ti.on ma:· be 'UJl;';erecl /8l' for uff-li11e pc ·;t:·dure.;. In :r.·JJ''-~ ·ul·tr 
._:11ch cu1 answer rn.·- · bt-=; .;_·l~; ert, q1tncJLAt '3Jl2/ l'JlJL)t, ir1 ~;:t; ~ p ··};(~·re ~;~~~·- ~ ted 

Ll'J.tder m-t.:· t,,'" eci' ' l J;.- ch,;ca.rJed ·1i.thout -u :· :~ericJUt:: C.Jt:c·c juer,r· t'c~r· I',. 

t ut:d :'id. JtU-:tmen" c·':, _; t:;m . \•[her: t!Jf~ : , Lur;c!er' k:.~~ to Lr" repl"i.CE''l : •.. ar. 'i''''c:t::l-

·_.:..t I.e ul1 ·erv:Jtlon, t.he _[Jrr~cl;· c 1 •_Jc;.tt 1 on n,earl~· Y'l':_~il:lctirJr. (jf l'•·'·nc.~t:.~ ._r··-:mc:~· ... 

to a.r-c>olute rrun.imum. 'I'ne Srl."tuc·~:· J.chie·.·ed ' ' HUCL cl wa=· •xc: e;,;pec1 '"'1 r.c, 
compete >rJith inr;rE-~t;·ed compt.<t·~t.i"ral eff'ort. [n pi':ctu~!'"lci:rnctr;. t!:e f'{-'-

me:u:;u_r'cmer:t.:; me:':!Xt usually thCJ.t t:,e \ :i ule model rw J.!i'lut , V<Jhc;r·• L·l,u,J(~r wa·'· 

found, hac-; to be reol;~'erved . ::>o, if v:P h:c,ve !.0 de-d ur.l v:1tL t!te L,,,,t 
rr'"'Lti•Jr:ed ~~ate/o<:· or: or oLser"i:ct1on;:;, ever:, loc"tlc.c•r; more prcel ~'e :.han the 
.1.uer.t.1 fir:.ttioL uf model or photo to l·e me::s tu·cd, rt";L2 1.i tt !r- ~>~unv;, c:.,.l 'J'J'er:; 
I~ it lS n:'JUlrecl ti1at tm: ,;c_-;;tem should. oe fool pruuf, i•el:auc•P -~l',· · Lol1;r.der 

WtLr~h esc:;pe'' d1rect sr:r·.~tin~· , ;br::L ilc3c,.·;cred too 1~~te m;:-v h-:.·Je c'e·.rere 
fi.L .. •x,ciC11 conse:ruetJce,· (e • . -::. pel··dtie"' t•1 be p-1;-:c.-d to +,he c:~·ntr:tctor), tr.cn 
1;0 er;courltr;r differer:t ['Lt.'J.'ltlon2. S 1;•'h a ~C:.'i'.;tcm rrja;,- f,e re.lli.c>.E'rl 111 or .• ";' 
the t"u \'1!1,'(; : (a) pl~J.r.rllru:,· the c•;td'i ur<-'tl'J'' uf ;;lJserv:;.ti,llJ . '. ·1: ::u.·~~ 
;i ~m:. r,JL.tt e v et1 ~;.imr)le +,ef~t.; ,nrJ.ccuJt,ce !•i.\ ·: , :~en;•ltlvit:·, or· (u) c;. o.ppli·.·ttt• .. r. 
of the :n'.'''t .'erJ:;iti«e deter·+:nt: rnetr,<Jd:.;. ~-~,, n;,·;eu.rcb (;;ee Muln.Jr (1 ~i, 
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Arner (2)) m;.kes it cle.:.r t hat t !-:.e f i r2t so l u t ion wou l d often require sub
''tiu,tial i ncre ;, ~>e in the n umber of o1Jser·rations. 'I'he second solution 
reqt;_i rc ~'> , u·;_ t 1u·a l l,_ .L a l :;o prope r p l anr,ing. Add 1 t i on~:J. ll _v , a.t least , d i a8''-.lYl :1l 
e leroe1 ,t s u f r.ntrix. W (pract.i c all:. onl~ - of'~) have t ole cumputed. App l i cati on 
.Jf th..e test (!J.S) ur D'J.t '-'L Sn ooping give'c then optimc-.. 1 sem:i t ivit,:; for dete c+, 
iur; ( -;_ f t 1 i s properlj· e~~ tablisl;ed), but requ_ ire l: reobse r vat ion i r: order t o 
luc:J.te blunde rs. Wit h pr·c1ctical 1; tl:'te Ewne comput·,ti ona l effort 3XJd :.w ns
iti··i t .": t h co rn::1Xirnum staLd .;.rdi:-oe d r es 1du 3. l e-;ives addi~ i onal location poss i 
hilit; and elimiatcs UXJJ1ecef:c'-cU·u- reo b<.~e r·ations. Tbe maximum standard
i\oat i on r esidu ;ll i s es.pecia ll,y r isk; · t o use 1r, case of mor e t h ·-u-1 one blu r,der. 
In orde r t o avoi d diffi culties , whicli app l ication of ma.-ximum st ::tnda.rd i ~ed 

res!dual :w::· c3.use , ttic ir,equal it"~ (4 .17) m"L.;- be u sed, a nd this r· equire~; no 
:1.dditiona l comput a t i on. Such '1 procEdure rna~ become unec onomical , i f mor e 
than one b] under is prer:ent , be cause c,f r o.pid increase j_n computatiortal 
effor t , 3.S Mikha il rem:Tb3 in (1 0 ) . But t he a ltern a t i ve solu+.i. nr'S , in c a~=e 
of se·;eral t· lunders, c:w·e a lso rtot p.•.r t icu l ar l y jnexpensi ve. 'I'he procedure 
1rJitlt ma ximum ".t nndardi~ed rf,siclual requ i re~:, t hen, several r·epetit i. c;ns of 
adJust me nt, r;ut to me nt ion t ha t possiLle wrong de cj c i otts he:xe no por;it i v e 
ecor;omic:".l effect FJ.lso. 'I''ik in c.:; this el l into account, the p1· oposed procedure 
mi ght t urr; , .::.n;·tww, ecotJomi cal l :- a c cept able. The _a Lo·Je conclu s .ior.s r..r e , 
riaturally , V<J.li.d on ] j~ if the st ructure c f mat rix H ir: unfavor a b l e. Jr, 
[~peci~tl case ; Plmplified pr ocedu r es are more economi cal. E. ,;; . in case -:J f 
arithmetic :ne-tr, the maxi.mum aL:;olut•.J r e:-1 id ual is re li atl e ~md oL:viousl,;; the 
mo:-3t economical !':Lunder ind i cat or. There are al s o .Jther as i)ectP of ec mtom~-
of blunder det ection , which have not 30 much t o do with t he pc...rticu lar pr o
cedure applied . vhthout an~ doubt, t he economy of the whole procedtlre is 
bet t e r if tte 'Jlunders rna~.- be dete c t ed and located a:: soo:r1 as poss ible, at 
beet during the compl e t ion o f o bservat ions (on l ine) . I n such a c r-~ s e t he 
sophist icn.ted blunder detecti on pr ocedures are not so obvious. An;1~h rJw, 

even t hen, thP-;~ b\l:li'antee discove r :· of s ma l l blunders and rapid re measur e 
me nt . Al so, t he lar6e adj u s tment s~,"stems 1r1hi c h i nc l ude nu merous observat i on s 
are •Jbv i ou sl;~ more diff icult to h a ndle tha.Yl smalle r S.)' Stem~> . The dange r t hat 
i ndefinite si t uations c,ccw· is mu ch greater i n l a r ge s; ·s t erns , because t he 
test on s2 become s le~>S sensi+, i ve du e tn la.rger r edu rtd<::.nc:· (see (4.16) ) . 
TheJ'e i s al so risk for 1ar_~er numbe r of blunders 1 wh:1t make<> the de tecti on 
procedure in iJ.XJ,i c·;.se more expensive. Therefore, decomposition or large 
1.djus tment 3;:;st e ms into s m: llec un i ts might s how economical .. dvwt ares, if 
sem3i t ic·it:· is not reduced t oo much. Such decompositi on is pos::.: i ble for 
aerial t rl cJ.ngu lation (relaLv e or ient ? tion, model f or mat ion, tripl e t o.djust 
ment, :;t rip f or mat i on, st r i p connect i on, ::mbblock ad j ust ment , etc.). Some 
of t he unit s ma ,y be ad j ust ed c>imu lt aneous l "'~ wi t h compl e ti on uf observat ions. 
Man.>· aut hor s support s uch c: :Jr ocedure (Mikhai l ( 1 1 ), Mo l nar (13) etc.). 
Test i n;; o f t he tot a l s.;":::tem s hould, an;yhow , n ot be negl ected as a fi na l 
test of highest sem~ Ltiv i t:-. Rut 1. f po.rti.al tests are pr operl;,- execut e d 
we do expe c t trtat onl;:: occas i on all ,) some blunder s will not be detected b,'/ 
them. 
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