
XIV CONGRESS OF THE INTERNAT IONAL SOCIETY FOR PHOTOGRAMMETRY HAMBURG 1980 

Comm i ssion I I I 

W. Forstner , Stuttgart Un i versity 

THE THEORETICA L REL I AB I L I TY OF 

PHO TOGRAMMETRIC COORD I NATES 

Summary 

Presented Paper 

The theoret i cal re li ab i l i ty of photogrammetric coordinates is investigated . 
This concerns the possib i lity to detect gross errors (interna l rel i abil i
ty) and the influence of non detectable gross errors on the result (exter 
na l reliabi li ty) . The paper shows how reliability depends on different 
b lock parameters e . g . b locksize, overlap , control point and tie point dis 
tr i bution . 

1. Introduction 

Aer ial triangulation has become a powerful too l for po i nt determinat i on. 
One i mportant reason i s the homogeneous precision, wh i ch can be predicted, 
if the measuring equ i pment, the calculation method and some parameters of 
the b l ock geometry are given . Several studies on the theoret i cal precision 
of photogrammetric blocks (e . g . Ackermann, 1966 ; Ebner , 1973, 1977) have 
been confirmed by var i ous controlled tests (Oberschwaben, Appenwe i er, Jgmi 
jarv i etc . ) and by normal applicat ion. 

The quite sat i sfying quality suggests the conclusion, that one can gene 
ra l ly rely on po i nts determined photograMmetrically . However, usua ll y an 
enormous effort , e . g . double coverage , is necessary to reach high relia 
b ili ty or the cond i t ions do not al low a real check of the data and the 
geometry . For e . g . the local redundancy i s too low or the computer pro 
grams do not conta i n appropriate statistica l test . As a consequence either 
the economy or the re l iabi li ty of the method sometimes i s doubted . The 
reason i s s i mply the problem of gross error detection , as the problem of 
systemat i c errors is, though not solved , but practically rendered safe by 
the technique of selfca l ibration . 

The paper is supposed to show how the reliability of photogrammetr i c blocks 
depends on the di fferent block parameters and thus completes the theore
t i cal knowledge about the qua li ty of photogrammetric coord i nates , which 
can form a basis for the p l anning of aeria l triangu l at i on projects . 

Re li abil i ty i n th i s context i s understood as the ability to detect gross 
errors , i . e. the controllabi l ity of the observations , which i s also desig 
nated as internal re l iab i lity, and the effect of non detectable gross 
e r ro r s on the resu l t of the block adjustment , which i s also called the 
externa l re li ab il ity . 

The theo ry was developped by Baarda (1967 , 1968 , 1976) for the use in geode 
tic networks . I t conta i ns the we l l known 11data - snooping 11 test. Though this 
test i n the or i g i na l form i s not always quite suitable for error detection 
i n photogrammetr i c blocks (cf . Forstner , 1980) , the invest i gation is based 
on the or i gi na l theory . The neglections are tolerable, as the aim of th i s 
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study i s not to obta in subst it ute reliability values , but to show the 
trends i n the form of reliability mode l s . They will conf irm pract i ca l ex
per i ence and also give some guidel ines how to i ncrease the reliability by 
usincJmore po i nts per unit or by add i tiona l cove rage . A compar i son of inde
pendent mode l b l ocks with bundle blocks will show under which cond i t i ons 
the one o r the other method can be adv i sed . The i nvest igat ions already 
ex i st ing (Forstne r, 1978 , 1979; Grun , 1979) are the refore above al l sup
plemented by the analys i s of the externa l reliability. 

2 . Concept of in vestiga ti on 

First we want to descr i be the cr i ter ia for contro ll ab ility and reliability, 
the ca l cu l at ion method and th e des ignat ion of the blocks invest i gated . 

2.1 Criteria for i nterna l and external re li ab ility 

Interna l reliability i s t he ab ili ty to contro l the observations with the 
a i d of a stat i st i ca l test. The contro ll ab i 1 ity i s described by the l ower 
bounds V0 1 i for gross errors , which can just be detected with a g i ven 
probability S0 , if the tes t has a s i gnif i cance l eve l of 1-a0 • If the 
11 data - snoop in g11 test wi th the standard ized residual Wi = Vi/0vi i s used, 
this l owe r bound i s g i ven by 

V 1. =0 1 8 1 
.; 8 1

•
1 

= 80 /0. (1) o 1 . o, 1 o , 
The lower bo~nds depend on the prec i sion 01·• the redundancy number ri of 
the observat ions li a nd the stat i st i ca l par~meter 80 . 

The stat i st i ca l parameter i tse lf depends on a0 and S0 . We wil 1 use 80 = 4 
throughout the pape r. This value cor responds to a s i gn i f i cance l eve l of 
99 . 9 % and a preset l ower bound for the probab ility of error detect ion B0 = 
80 % app rox i mate l y . 

Th e redundancy numbe rs are def ined by 

r. 
I (Qvv P 11) i i (2) 

Qvv we ightcoeff i c ient mat ri x of the residuals v 

P11 weight mat ri x of observat ions 1. 

r. i s the contribut ion of the observat ion li to the total redundancy r, as 
t~ace(0 , v P11) = r. It a l so connects a gross error Vli in li with there
su ltant e rro r Vv iin the cor responding res i dua l via 

Vv. = - r . V 1 .. 
I I I 

(3) 

Thus ri shows how far an error i s revealed in the residual. ri = 0 means , 
that there i s no cont ro l at a ll, consequent l y the l ower bound fo r de
tectab le e rro r s i s in f i nite.in this case . 

The precis ion of a ll obse rvations , i nc l ud ing the coord i nates of the con ~ 
tro l po i nts , i s assumed to be equa l, with one exception: the x- andy 
coo rdi nates of the projection centres in i ndepe ndant model blocks are 
assumed to have doub l e the standard dev iation . Fo r s i mp li c i ty we wi 11, 
however, a l ways refer to the controllability va l ues cS' .=V0 l·1/0 1 .. o , I I 

Externa l re li ab ility , i. e . the re li abi lity of the coord inates , i s 
descr i bed by the ir fluence of non detectab le er rors Vli'Voli on the coor
dinates. It i s assumed that the 11 data - snoop i ng 11 has been appl i ed and al l 
standard i zed res i dua l s wi = v i /0v · rema in under the cr i t i cal va l ue k, 
which depends on the s i gn ifi cance

1
l eve l ( in ou r case k = 3 . 29) . The max i-



mum influenceV0 ,if of a non detectable error ~V0 li on the coordinates or 
on a function f of the coordinates is bounded: 

V
0 

-
1 
f :: cr f 6 . ; o . = o I uk I r . . ( 4 ) 

, O, I O, I 0 • I 

It depends on the precisi~n ~of the
1
coordinates or of the function f and 

on the reliability value o0 ,i. 

The reliability value itself depends on the statistical parameter o
0 

and 
on the geometry. In addition to the redundancy number ri, the contribution 
uk. of the observation to the determination of the unknown coordinates is 
taken into account. The smaller Uk · the smaller the influence of obser-
vational errors on the result. 1 

The precision Of of the function f causes problems in evaluating the exter
nal reliability, as we have no exact information about the precision of 
the coordinates, since the covariance matrix of the coordinates is not 
available. Therefore slight differences in the reliability values have to 
be interpreted with car~, because the variation of Of might be large. How
ever, the variation of oo,i in most cases is large enough that the local 
disturbancies of the precision can be neglected. 

2.2 Method of calculation 

As the inverse of the normal equation matrix is not available, the redun
dancy numbers are obtained by computer simu l ation via eq.(2): ri=-Vvi/Vli, 
i. e. as the (negative) ratio of the change Vvi of the residual to the 
causing error Vl i. 

The computation of the values Uk· uses the relation 
I 

uk. = 1 - r · - u ( 5) 
1 I t i 

with the contribution Ut· of the observation li to the determination of 
the unknown transformati6n parameters. It can directly be computed by 

uti = (B (s• Pll s)-1 s• Pll)ii· (6) 

B is the part of the error equation matrix referring to the transformation 
parameters . 

2.3 Investigated blocks 

We investigate square shaped blocks only, single blocks (20% sidelap) and 
double blocks, which are designated by S or D resp . . The blocks with inde
pendent models use 4 and 6 s i ngle or twin points per model. The double 
blocks are assumed to consist of two single blocks flewn crosswise . The 
bundle blocks have 9 single or twin points and 25 single points per image. 
The double blocks here are assumed to have 60 % sidelap. The number of 
points per unit is added to the S or D to describe the block concerned. 

The horizontal control points are situated at the perimeter of the blocks 
(cf . f i gure 1, see next page). The vertical control varies for single and 
double blocks . The height of single blocks is stabilized by chains, the 
vertical control points in double blocks are s i tuated in a regular gr i d. 
The control po i nt interval! i varies from 2 to 20 baselengths b . 

2 .4 Example 

Before we investigate the influence of the different block parameters on 
the reliability we have a look at a representative example Figure 2 shows 
the controllability values o1 

• for a vertical block with independant 
O, I 
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Figure Control point patterns 
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Figure 2 Internal rel i ab i 1 i ty of a vertical block 
with independent models ' o6,i 
(54, i = 6, project ion centres not shown) 
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models (Schmitt, 1979) . Each model contains 4 t ie points and 2 perspective 
centres (54) . The block consists of 6 strips with 12 models each. Th e 3 
chains of ve rti cal contro l points thus have a distance of 6 baselengths 
( i /b = 6) . For symmetry reasons on l y a quarter of the block i s shown . Th e 
va lues al l ow some pre li mi nary conclus ions : 
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1. The controllability is very homogeneous in the interior of the block. 

2. The border parts are worsecontrollable and differ only slightly. 

3. The controllability of the control points is worst and depends on the 
location in the block. 

4. The control points have only 1 ittle influence on the controllability of 
the tie points. 

We therefore analyse photogrammetric and control points separately and dis
tinguish three zones: corner, border and interior of the blocks. 

3. Reliability of photogrammetric points 

3.1 Average values 

The high homogenity of the reliability in the interior of the blocks justi
fies to look at the average values £f 8~ i and 80 ,i first. They can be ob
tained by using the average values ri = r/n and Uk· = uk/n instead of r. 
and uk. resp., i. e. by referring to the global re~undancy and the total 
number

1
of unknown coordinates. Tables 1 and 2 contain the average relia

bility values for the different block types. The values refer to very large 

Table 1 Average values for reliability 
of independent model blocks 

20 % sidelap 

Height 

60 % sidelap 

Planimetry 

Block Block 

s 4 
s 6 
s 8 
s 12 

8.0 4.0 
6.9 ' 4.0 
5 . 7 1 2.8 
5.7 I 3.3 

7.5 
! 6. 9 

I
I 6.2 

6.0 

2.5 
2.9 
2.4 

! 2.9 

D 6 5.7 

D 12 4.9 

Table 2 Average values for reliability 
of bundle blocks 

20 % sidelap 60 % sidelap 
- --····-·-·· ··- - -

I 
- --

a• - Block a• -Block 0 8o 0 8o 

s 9 6 . 9 4.0 D 9 5.7 2.3 
s 18 5.7 3.3 D 18 4.9 2 . 0 
s 25 6.3 4.4 D 25 5.0 2.45 

2.3 

2.0 

blocks with poor control and thus give the mean values for the interior of 
the blocks . It is obvious, that the controllabil i ty and the reliability are 
acceptable. Though rather large errors (up to 8 a) can stay undetected, the 
influence on the coord inates keeps below 4 times their standard deviation . 
Of course the double blocks are much more reliable with reliability 
va l ues & . be l ow 2 . 5 . In order to understand the seeming discrepancies, 

O, I 
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Figure 3 Local redundancy and reliability of units 
in the middle of large blocks 
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e . g . the block wi th 12 points pe r mode l on an ave rage being worse than the 
block with 8 po i nts pe r mode l, we have to l ook at the variation of the 
va l ues wi th in the units. 

3.2 Reliability of the inter io r of the blocks 

Th e reliability of the un i ts in the mi dd l e of the blocks are s hown i n 
f i gure 3 (see prev. page) . Also the redundancy numbers and the degree of 
the connect ions are gi ven!)The compar i son reveals severa l p ropert ies : 

1. Measuring of po i nts in the mid dl e o f the st rip s in s in gl e blocks (S4 -S6 , 
S8-S12) does not increase the r e li ab ility very much. Neve rth e l ess it i s 
worth us ing these po int s i n o rder to be able to ho ld a connec ti on if an ob 
servat ion has to be e li minated . 

2. Measuring of doub le points (S 4-S8 , S6- S12 , S9-S18) i s better, as a l so 
the reliability increases . Points with 2 o r 3 ra ys in bundle blocks form an 
except ion . The ir contro ll ab ility i s not influenced by an increase of the 
number of points in the i mage at a ll (S9 , S18, S25) . Thi s i s a rea l 
d i sadvantage of bund le blocks with 20% s i de l ap . 

3. The var i at ion of t he reliability wit hin the un its i s cons iderab l e , es 
pecially within the i mages . The va lues ob and 60 on an ave rage i nc rease 
wi t h the distance of the po ints f rom the centre of the un it s . Even i f o ne 
takes into account the different number of rays the lower bounds vary up to 
100 % for points with 3 rays and up to 36 % for po ints with more than 3 
rays. The var iat ion i s even greater, i f one compares the va lues of d i ffe 
rent bl ock types . This ho ld s for the po ints in double b locks (S9- S18) , 
where a ll po ints a re determined by 9 rays ! The reliability o f the coo r d i
nates i s fu ll y acceptab l e , as 60 ~4. 5, again with the except io n of the 
points with 2 or 3 rays. Though the ir var iat ion i s greate r than the 
var i a ti on of the l ower bounds , we will not a na l yse them in deta il. 

The va l ues a re i ndependent on the blocksize. They will therefore be com
pared wi th the re li ab ili ty at the border parts of the blocks. 

3. 3 Reliability of the border parts of the blocks 

Owing to the var iat ion of the va l ues we ana l yse the max i mum va l ues of the 
d ifferent block types, which are gi ven i n tables 3 and 4 for the corner and 
the border parts separate l y . All these observat ions, which are not cont ro l
l ab l e at a ll, a re not taken into con~ id e rat i on , espec i a ll y s i ng l e po in ts 
and the x- coord ina te of i mage po ints with 2 rays. 

Tab 1 e 3 Extreme va l ues for re li ab ility of i ndependent mode l bl ocks 
(co rner , border) 

20 % s ide l ap 60 % s i de 1 a p --l 
! p 1 ani me try I he ight I pl an i met ry 
' co r ne r I bo rder co rner bo rder I corner bo rder 

0~ r. 8o! 0 I I 
- . . 

0~ I Block 1 l -·-
O I j Block 06 

-
o6 

-
OJ oo oo oo I oo OJ oo 

s 4 21. ps. 18. :13. 112 . 5.6 12. i 5.4 - - - - i -
s 6 12. I 8.o 11. 7. 7 - I 

D 6 7.6 4.3 I - -
14> 

6 .9 ! 3. 5 
s 8 7.8 5.5 7.81 5. 51 7. 3 4. 5 7.3 - - - - -
s 12 7.31 5.2 7.2' 5. 1 - 1 - - D 12 6 .4 4. 1 5. 7 ! 3. 1 

1) For symmetry reasons only a part of the val11RS are gi ven 

22 9 . 



Table 4 Extreme values for reliability of bundle blocks 
(corner, border) 

20 0/ sidelap 60 % sidelap '0 

corner I border corner border 
' . 

Block; 0 I I - ol -
Block. ol - j 0 ' oo 00 ol oo 0 0 0 0 I 0 

s 9:15. )10. . 15. 10. D 9 !10. 5 . 7 ! 9.7 4 . 0 
s 18:12. ; 9. 3 :12. 9.3 D 18 I 7.0 3.0 I 6 . 3 3.0 i I I 

9.8 i 12. I I s 25; 12. l I 9 . 8 - - - - -

The controllability of the tie points in model blocks highly depends on the 
number of points per model, particularly in the corner and the border of 
planimetric blocks. The lower bounds for detectable errors in the tie 
points of bundle blocks on the contrary are nearly i ndependent of the num
ber of points per irmage. For there are points with 3 rays in all images of 
single blocks. 

Though double blocks are much more reliable, here again the image coordi
nates are less controllable than model coordinates. The external rel iabili
ty of the coordinates of double blocks with independent models is fully 
acceptable, while the corner of double blocks with bundles is only well 
controllable if pairs of points are measured. 

The fact, that bundle adjustments are more sensitive against gross errors 
is not really astonishing. For the number of orientation parameters differs 
(6 against 7). In blocks with independent models they absorb a greater part 
of the gross errors, this is especially true for the heights (cf. ch. 3 .4 ). 
Moreover, there generally are more (hidden) observations per point in model 
blocks than in bundle blocks. A tie point in the middle of a strip needs 8 
measurements (4 x 2 coordinates in the original images) for the 2 x 3 coor
dinates in the adjacent models . This cannot be seen in the number of ob
servations in the blockadjustment but in the fact, that no gliding inter
sections uccur in independant model blocks. 

3.4 Reliability of the projection centres 

The ab il ity of the transformation parameters of absorbing great parts of 
the gross errors is particularly revealed if we look at the reliability of 
the projection centres, which are treated as nuisance parameters in this 
context(cf . table 5) . 

Tab 1 e 5 

Block 

~ 4 

s 8 

Extreme values for reliability 
of projektion centres 
(independent models, 20 % sidelap, i=12b) 

Corner Border i nteriQr 
Coord. c5J 8 8' 8 8' 8 

X 10.0 4.6 9.5 4.0 8. 1 2.7 
y 6.4 2.2 6.4 2.2 6.4 2.2 
z 6.9 0.37 6.9 0.54 6.9 0.42 

X 9.0 4.0 8.3 3.6 7.4 2.5 
y 6.0 1.6 6.0 1.6 6.0 1.6 
z 6.3 0.2Q 6.3 0.30 6.3 0.23 
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Though gross errors in they- coord i nates stay undetected a l ready if they 
are smaller than 12 or 13 a (the lower prec i s ion has to be taken i nto 
account) , the influence of non detectab l e errors on the adjusted he i ghts is 
very small , an extreme case are the z- coord i nates , whe re erro rs have nearl y 
no inf l uence on the r esult . 

The va l ues are almost independent on the control point i nte rva l]. The ad 
j acent mode l s have the dom i nant effec t on the cont rol l abi l ity . Therefo re 
the i nf l uence of x- ccord i nate errors on the heights depends c l ear l y , though 
not cons i derably on the locat ion ot the pro j ect ion centre in the block . 
Alltogethe r the values are acce ptabl e. 

4 . Re li ab ili ty of the contro l po i nts 

The ana l ys i s of the contro l po i nts needs only cons i der the controo l abil i ty , 
as the inf l uence of cont ro l point e r rors on the resu l t can easi l y be ob 
tained by o0 , i = 60 1 (1 -ri )/r i = lo 6~ i-o 6 . We a l so cons i der s i ng l e blocks 
only , as double blocks wi l l usua ll y be app l ied in spec i a l cases , in which 
high prec i sion i s demanded and the rel i ab i l i ty of the contro l po i nts wi l l 
be guaranteed by geodet ic means . 

Ta b 1 e 6 Co nt ro ll ability of ho rizonta l co nt ro l po i nts 

~l ock Loca t io n (o~ i /o 0 )
2 o6 i /on 

~ 4 co rne r 4. + 0 . 5 ( i /b) 2 0 . 7 i /b 
bo r de r 3 .5 + 0 . 12 ( i /b) 2 0 . 35 i /b 

Is 8 co rne r 4 + 0 . 25 ( i /b) 2 0 . 5 i /b 
bo r de r 2 .5 + 0 . 075 ( i /b) 2 0 . 27 i /b 

~ 9 co rne r 2 . 6 + 0 . 8 ( i /b) z 0 . 9 i / b 
bo r de r 1. 9 + 0.23 ( i /b)2 0 .5 i / b 

s 18 co rne r 3 .0 + 0 .4 3 ( i /b) 2 0.65 i / b 
bo rde r 1.9 + 0 .13 ( i /b) 2 0 . 35 i /b 

Tabl e 7 Co ntroll ab ility o f ve rti ca l contro l po int s 

Bl ock Loca ti on (o~ ,i /oo)2 o ' i /oo 0 

s 4 co rne r 3 . 1 + 3 .2 i /b 1. 8 /i /b 
bo r de r 2. 3 + 1 . 7 i /b 1. 3 l i /b 
inte ri o r 1. 2 + 0. 9 i /b 1. 0 lf7b 

s 8 corne r 3 . 6 + 1. 9 i /b 1.4 li ! b 
bo rde r 2 .4 + 1. 0 i / b 1 . 0 l i / b 
inte ri o r J. 5 + 0. 6 i / b 0. 8 lf7b 

s 9 co rne r 0 + 5.0 i / b 2.2 lf7b 
bo rde r 0 + 2 . 6 i /b 1.6 lf7b 
in te ri o r 0 + 1. 3 i /b 1.1 lf7b 

s 18 corner 2 .6 + 2 . 6 i / b 1. 6 / i /b 
bo rde r 1.4 + 1.4 i / b 1. 2 /flb 
i nt e ri o r 0 . ] + 0 . 7 i /b 0. 9 lf7b 
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The l ower bounds for 
detectab l e gross 
errors of contro l 
po i nt coord i nates es 
sent i a ll y depe nd on 
the contro l po i nt in
terva ll i . The type of 
dependency d i ffers be
tween hor i zonta l and 
vert ica l contro l, 
wh i ch can be seen from 
f i gu res 4 and 5 . The 
bl ocks S9 and S 18 wi th 
co ntro l po i nt i nte r
va ll 12 b conta in on
ly 4 contro l po i nts in 
the corner, not at the 
borde r of the block . 
The va l ues a~·are 
greater about 25 %, 
than they wou l d be, i f 
the bl ock was greater 
and had contro l 

po i nts at the borde r s 
also . Therefore the 
cor respond in g l ines 
i n f i gures 4 and 5 are 
dashed . 

The dependency of the 
l ower bounds for con 
tro l po i nts can be 
descr i bed by the ge 
neral formu la V0 l ;=a0 
oola+c( i /b)2 , the 
correspond i ng formula 
for vert i ca l contro l 
po i nts has the form 
V0 l i=a0 o0 1a+c( i /b) . 
Th e spec i a l coeffi 
cients for t he diffe
re nt blocks can be 
found i n tab l es 6 and 

1/b 7 (see prev . page) . For 
l a r ge i nterval Is i/b 
the co nstant te rm (a) 
ca n be neg l ected . A 
compa ri son of t he co -

eff i c ients then l eads to t he fo ll owing genera l 
lower bou nd fo r l arge con t ro l po i nt i nterva ll s 

rule , wh i ch approx i mates the 
i /b wi t hin 10 %: 
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0 I 0 C 
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factor 
= 1 

for location of control point within t he block 
corner 

= 1/2 
= 1/4 

bo rder 
i nterior 

factor for type of contro l 
= 1/2 planimetry , independent models 
= 4 height, independent models 
= 1 
= 412 

plani metry, bundles 
height, bundl es 

e exponent 
= 1 height 
= 2 plan imetry 

The factors ft and f1 are eas i ly to be understood , as doub li ng the number 
of photogrammetr i c observations or doubl i ng the sector for contro l leads to 
a correspond i ng i ncrease of the contro l lab il ity . The exponent ara i ses from 
the different types of pattern . The factors fc are found emp i r i ca ll y and 
show aga i n , that bund l e bl ocks a re more sens i t i ve aga i nst gross erro rs t han 
i ndependent model bl ocks . But reffering to the horozonta l contro l, however, 
the contro l lab i l i ty of the he i ghts turns out to be better i n bund l e b l ocks . 
The reason will be the d i fferent stab i l i ty of the mutual connect ion of the 
units wi th i n a st ri p . 

Eq . (7), d i v i ded by ~0 , at the same t i me g i ves an approx i mat ion for the 
re l i ab i l i ty va l ues o0 , i . 

If one looks at the abso l ute va l ues of contro ll ab i lity and rel iab ili ty, it 
i s obv ious, that , except i n the case of very short i nterva ll s i, the con
tro l points can not rea ll y be checked by the block adjustment . Only a very 
sma ll pa r t of cont ro l po i nt e r rors i s revealed in the res i dua l s , as the 
redundancy numbers a ll stay be l ow 1/ 10 . 

The hor i zonta l cont ro l needs more attent i on than the vertica l cont rol , as 
the l ower bounds i ncrease l i nea rl y wi th t he i nte r va l ] i. The mutual con 
tro l of the po i nt s wi th i n the cha i ns offer mo r e poss i bili t i es of choos i ng 
t he contro l point i nterva l] fo r vert ica l than for horizonta l con t ro l 
po i nts . 

In orde r to overcome the low contro ll ab ili ty , espec i a ll y for l arge i nte r
val l s , groups of contro l points can be used a l so i n th i s case . As the i r 
geodet i c determ i nat ion l eads to a h i gh corre l at ion between the points wi th 
i n a group , on l y the co ntro l of the rhoto ~ rammte ri c i dent i f i cat ion i s im
proved . Therefore t he contro l points shou l d be measu red i n at l east 2 
mode l s or 3 i mages, that gross errors can be loca lized . Pa r ticu l ar l y the 
co r ner of the bl ocks has to be strengthend e . g . as i n f i gure 6 . 

Figure 6 Strengthen i ng of corner 
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5. Discussion 

Photogrammetr ic point determination can reach a high reliability . This is 
the main result of the study . It also shows the weak points in photo
grammetric blocks: the geodetic control , the perimeter of the blocks and 
the points with 2 or 3 rays i n bundle blocks. 

The values for controllability and reliability are based on the assumption , 
that the ' 'data-snooping 11 test is applied , which needs the redundancy num
bers q (av.=al . lrJ). For the control po int distribution in pract i ce is far 
from being ~egular and the controllab ili ty is very weak, it seems to be 
really necessary to apply a stat i stical test at least for the cont rol 
points . Other test~. which do not refer to the geometry, are much l ess sen
sitive . 

On the other hand the predominant part of the observations can be checked 
by traditional means, if the geometry i s made homogeneous, i. e. the re
duncancy is evenly d i stributed on the observations. At the same time the 
reliability would be improved. Then the programming and the computation of 
the redundancy numbers could be saved . 

A really effect i ve method to increase precision (cf . Ackermann, 1967) and 
reliability is to ~se only the inter ior part of the blocks (cf . figure 7). 

Fi gure 7 Maxi mum va 1 ues of con t ro 1 1 a b i 1 i t y and re li ability 
in photog rammet ric blocks 
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This is superior to measuring more points per unit. Independent model block 
blocks with 20% sidelap the reach the reliability of double blocks. 

Not quite the same gain of reliability can be obtained with this method in 
bundle blocks. But if one uses aerial triangulation only for the determi 
nation of pass points, for subsequent mapping, and if it is possible to 
restrict the pass points to tie points with 4 ore more rays, bundle blocks 
can be adviced, which reach a higher precision than independant model 
blocks .Applying selfcal ibration technique is indispensable in this case. 

Without much additional effort even the controllability of double blocks 
with bundles can be increased, if the complete images at the border of the 
blocks are used in the adjustment (cf . figure 8). 

Figure- 8 Strenghtening of corner and border of a bundle block 
with 60% sidelap, controllability values o1 
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