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SUMMARY: 

Presented Paper 

Controlled analytical blockadjustments with artific i ally 
marked image po i nts are compared against results obtained with 
signa liz ed po int s . The data refer to the Appenweier te stb lock, 
point marking on film negatives with the Ze i ss point transfer 
device PM 1, and measurements with the Zeiss Monocom parator 
PK 1. Depending on the nu mber of tie points used the compari 
sons demonstrate that a l so art ifi c ial mark i ng and transfer of 
tie-points can give high accuracy bl ockadjustment results. 

1. In troduction 

The recent development of aer i a l triangu l at ion has conf irmed 
and realized the very hi gh l evel of geomet ri ca l precision of 
aer i al photographs. Th e obta in ab l e limits are marked by 
standard deviations of im age coord ina tes of 2 - 3 ~m. Such 
result s are made poss ibl e on l y by avo i din g or compensat ing a ll 
major sources of errors : The in strumenta l errors of mono- or 
stereocomparators have become negligible; the systemat i c 
image errors are compe nsated to a gr ea t extent by blo ck 
adjustment with add i t i ona l parameters; and errors of po in t 
id entificat i on and of point transfer are negligibly sma ll with 
the use of s ign a liz ed control- and tie-points. It i s particu 
l ar l y i mportant to note t hat up to now all high accuracy 
results have been obtained with signalized po int s on l y . 
However, the major i ty of practical aer i a l triangulations do 
not and cannot operate with s i gna li zed tie-points. The use of 
art i f i c i a ll y marked and tra ns f er r ed points i s st ill standard . 
For such cases the operat i ona l l ave l of precis i on i s represen
ted by standard errors of ima ge - (o r model - ) coord inat es i n 
the order of 10 - 20 ~ m or l arger, the po int transfer be in g 
the dominant source of errors . It i s of great int e r es t, there
fore, to inv est i gate and compa r e the precis i on of point mar 
king and point tran s fer, a l so in view of new equipment from 
indu stry for such operat ion s . Previous inv est i gat i ons have 
suggested that the accuracy potent ial of point tran s fer and 
- marking is higher than hitherto exp l oited (see [1 [ , [2[) . 
In the fo11owing a report i s presented about a contro ll ed ex 
periment on bl ock - adjustment with artif i c i all y marked i mage 
po int s, th e results of which are compared with s i gna li zed 
points . 

302 



2. The test material 

For the experimental investigations the 3rd flight mission 
(block C, flight direction west-east) of the test block 
"Appenweier" was used, see 131, 141. The essential project 
parameters are: Wide angle photography, Zeiss RMK 15/23, 
Pleogon A lens, photo scale 1 :7800; 7 x 17 = 119 photographs, 
60 % forward-, 20 % side-overlap; flat terrain, photography 
was flown in April 1973. 

Fig. 1 shows the 2 control versions used, originating from 
the given networt of horizontal geodetic control points, and 
implemented by 8 additional points for the perimeter control 
version. The vertical control points are irregularly distribu
ted, hardly adequate for a test on vertical accuracy. (The 
Appenweier test originally aimed at horizontal accuracy only; 
the test implied 4 fold stereo-overlap for which case the 
vertical control point distribution was highly sufficient. 

For the accuracy investigation additional check-points were 
available (78 horizontal, 58 vertical), with an estimated 
horizontal and vertical accuracy of about 1,5 em. 

In the test area all tie points were targetted with triple 
targets. Their location corresponds to the 9 standard 
positions in the photographs. 

The original negative film was cut and directly used for the 
investigation. 

3. Point transfer and point marking 

A prototype of the new Zeiss point marking instrument PM 1 
(see 151) was made available for the investigation. It had 
still some shortcomings which have been remedied, in the mean
time, for the serial production. In particular, switching of 
Dove-prisms from ortho- to pseudo-stereoscopic observation was 
not yet possible. 

At all 9 standard image positions triplets of tie points were 
transferred and marked. The operations went without serious 
difficulties. The quality of the marked points turned out to 
be highly satisfactory. 

A special transfer- and marking procedure was adopted, as 
indicated in fig. 2, according to an unpublished suggestion by 
Van den Hout. The procedure avoids the transfer of a previous
ly marked point. Instead, one floating mark is kept fixed on a 
point in a central photo whilst this particular point is 
transferred into all adjacent photos and marked there. The kept 
point in the central photo is marked only at the end of each 
turn, together with its last transfer. This procedure implies 
forward and backward transfer of points within a strip as well 
as transfer into 2 or 3 photos of the next strip. It goes 
systematically through the central line of points of each 
photograph (+ 1 additional point in the first and the last 
photo of a strip), and through all photographs of a block. 
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The alleged advantages of the procedure are: 

- no resetting on and transfer of an already marked point 

- best possible stereoscopic conditions for the transfer 
- transfer into an image corner point only from a central 

line point; advantages for easy selection and stereoscopic 
transfer. 

There are two instrumental conditions on which this procedure 
is based which · aims at maximum precision of point transfer: 
For transferring a point from the center line of a photograph 
both the photograph and the floating mark on the particular 
point must be kept fixed whilst the adjacent photographs are 
exchanged and the kept point is respectively transferred . 
And because of forward and backward transfer of the kept point 
into adjacent photographs the stereoscopic observation must 
switch from ortho- to pseudo-stereoscopy in order to maintain 
constant conditions of observation. 

Evidently the procedure requires repeated exchange of photo
graphs and therefore might be time consuming. It can be kept 
efficient, however, if the handling of the photographs is well 
organized, by ordered arrangement within reach of the operator. 
The procedure actually proved to be highly efficient as is 
demonstrated by the total time required: 

The point transfer for the testblock implied marking of 
altogether 3159 image points, grouped in triplets, in 119 
photographs. The total operation required 45h 11min. This is 
equivalent to 

51 sec/marked image point or 

22,8 min/photo (for standard 9 x 3 = 27 points/photo). 

Thnse figures refer to the operations with the PM 1. The general 
preparation of paper prints remains excluded. 

4. Measurement of image coordinates 

The measurements of i·mage coordinates were carried out with 
the Zeiss mono-comparator PK 1, in connection with the program 
system PK- AS for interactive guidance of measurements, data 
checking and data editing, see 1 6 \ . The hardware system con
tained the mono-comparator PK1 with coordinate counters Direc 1, 
a HP 1000 computer, interactive terminal and printer. The 
comparator measurements are directed by a menu, the data are 
checked and edited by the AS program and, after clearance, 
stored on a data file for subsequent off-line block
adjustment. 

The block was measured twice, first for signalized points only 
and independently for the artificially marked points. Either 
set included, of course, measurement of fiducial marks and of 
(signalized) control- and check points. Within each set there 
were no double measurements. 
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The use of the AS program system proved advantageous. It sped 
up the operations and reduced the rate of erroneous data. 
The subsequent b1ockadjustment was faced with on1y 6 erroneous 
tie points and 3 erroneous contro1 points in the data set for 
the signalized points. This corresponds to a rate of erroneous 
image point measurements (including fiducia1 marks) of 2,3 °j00 
Tbe blockadjustment required only 2 adjustment runs. · 

The blockadjustment of the data set for artificially marked 
points discovered remaining 15 erroneous tie-points and 1 
erroneous control point. This corresponds to an error rate of 
4,1 o;00 of a11 measured image points. The adjustment required 
3 runs for obtaining the final result. 
The data set for the signalized tie-, control - and check-points 
included 3935 image points (476 fiducial marks included). The 
total measuring time was 44h 02 min. This corresponds to 

40,3 sec/image point (fiducial marks counted as 
image points), or 

22,2 min/photo (average 29,1 points + 4 fiducials/ 
photo). 

The data set for the artificially marked points contained 3863 
image points (signalized control- and check-points and 476 
fiducial marks included). The total measuring time of 39h 
42min gives 

37,0 sec/image point (fiducial marks counted as image 
points), or 

20,0 min/photo (average 28,5 points + 4 fiducials/ 
photo) 

of the total measuring time of 40 sec and 38 sec, respectively, 
per image point about 16 sec per point (40 %) were used up by 
administrative (point-numbering etc.) and checking operations. 

5. Block adjustment 

The block-adjustments for both sets of data (signalized points 
versus artificially marked points) were computed with the 
bundle program PAT-B after having applied the conventional 
image corrections for lens distortion, earth curvature, and 
refraction. All image coordinates were given weight 1. 

Each set was treated with 2 different versions of horizontal 
control: 22 perimeter control points and 23 control points 
randomly distributed throughout the area, thus simulating 2 
practical standard cases. Either case is far from ideal as 
fig . 1 shows: The perimeter control leaves uncontrolled gaps 
of 4 - 6 base lengths. The random control covers the perimeter 
only poorly. As previously mentioned, the vertical control 
points do not control the block very well, in spite of their 
large total number (52). The geodetic control coordinates 
were introduced into the bundle-adjustment as observations 
with 1,5 em standard deviation. 
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The bundle adjustment of each case was computed without and 
with additiona1 parameters in order to show the sensitivity 
of the resu1ts with regard to systematic image errors. Being 
not the main item of the investigation on1y 1 set of 12 block
invariant additional parameters was applied. It is known that 
a more sophisticated use of additional parameters would not 
substantially change the results. 
The main scope of the investigation refers to the different 
types and different numbers of tie-points. Therefore, apart 
from the main subdivision in signalized and artificially 
marked tie-points, we distinguish 3 different versions accor
ding to the number of tie points used for the computation: 
Version 1 represents the standard case with 1 point each in 
the 9 standard positions within a photograph. Version 3 
represent the strong ties, implying 3 x 9 = 27 tie points 
per photograph, with triplets in the 9 standard positions. 
Version 2 represents pairs of tie-points, with the modifi
cation that in the points along the line of nadir points only 
single points were used, thus giving 9 x 2 - 3 = 15 points 
per photograph. The 3 versions can clarify the effects which 
strengthening of ties between photographs has on the accuracy 
of adjusted blocks. 

The results of the various block-adjustments are summarized in 
table 1. 

6. Discussion of results 

The results as displayed in table 1 can be summarized and 
commented as follows, first with regard to 
signalized tie-points: 

q 0 _y~l~§§ of 3,1 ~m without and of 2,5 ~m with additional 
parameters indicate in general a very high level of precision, 
which is not affected by different control versions. Impro
vement with additional parameters by a factor 1,25 (1 ,26) is 
normal; it confirms the existence of systematic image errors. 
Go is practically not affected by the number of tie-points. 
The Go values with additional parameters (2,4 ~m resp. 2,5 ~m) 
show that some systematic or other image errors are left, if 
compared with the noise level of about 2 ~m or less which is 
expected to represent the limit of precision obtainable at 
present. 

The ~~§Ql~!§_bQrifQO!~l-~~~~r~~~ of the block, expressed as 
r.m.s. errors ~x and ~y of the independent check points, is 
again quite good. It is interesting to note that strong ties 
without additional parameters, with ~x,y values of 6,5 ~m and 
6,3 ~m, are highly affected by systematic image errors, as 
indicated by ratios ~x y/G0 of 2,26 and 2,05. Strong ties 
propagate systematic image errors more rigidly into block 
deformations than weak ties. This explains why tie-point 
version 1 has significantly smaller ~-values than version 3 
(factor 1.19). Only with additional parameters both versions 
give about equal accuracy, indicating remaining small systema
tic image errors and/or the small magnitude of noise at the 
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signalized points . The improvement of abso1ute horizontal 
accuracy to 4,5 ~m ( improv·ement factors between 1. 51 and 1.1 5) 
again underlines the high inherent accuracy of the test block 
Appenweier, although the remaining ratios of 1~9 and 1~8 for 
~x,y /a 0 are not yet in agreement with the theoretica l ratios 
in case of random errors only . 

Without additional parameters, the 2 control versions differ 
by 10% (11 %), which might have been expected in the 
presence of systematic image errors . After correction of 
systematic errors both control versions agree closely within 
1 % (2 %). 

The ~Q~Ql~!~-~~r!i~~l-~~~~r~~y with ~z values between 14,7 ~m 
and 13,7 ~m remains in all cases < 0,1 Oj 0 h. It is quite 
acceptable, considering the unfavourable 8istribution of 
vertical control. It is remarkable, and confirms previous ex 
perience, that additional parameters improve the vertical 
accuracy very little (4 %, 5 %) in blocks with 20 % lateral 
overlap and dense control. Also the number of tie points has 
almost no effect on vertical accuracy. 

The maximum erros smax remain close to 3 times the respective 
r . m.s:-errors-0:-as expected. 

With regard to artificially marked tie-points the results can 
be commented as follows: 

The Qo:Y~l~~~ without addit i onal parameters range between 
7,4 ~m and 6,6 ~m. With additional parameter~ they are reduced 
to values between 6,4 ~m and 5,8 ~m. The improvement factors 
by additional parameters are between 1.13 and 1 .1 8 . Thus, they 
are slightly smaller than with signalized points . This can be 
explained by a higher noise level whilst the systematic errors 
remain more or less unaltered. The same explanat i on accounts 
for the fact that now the a 0 values depend on the tie-point 
version, be in g larger in the case of strong ties. 

The ~Q~Ql~!~_bgri~QQ!~l-~~~~r~~y of the blocks, in case of no 
correction of systematic errors, ranges between 8,9 ~m and 
12,3 ~m, rather strongly depending on the tie-point version, 
weakties again giv i ng the best results. Because of the larger 
magnitude of random errors the ratios ~x,y/o 0 remain between 
1.4 and 1.7 (1.2 and 1.8 with additional parameters) . 

The improvement by additional parameters is generally less 
marked than with signalized points (improvement factors bet
ween 1.4 and 1 . 1) which again is explained by a high level of 
random errors as compared with the systematic image errors. 
The ~-values range from 7,7 ~m to 10,4 ~m, and the effects of 
strong ties now turn into the expected advantage . 

It is noticeable in all cases that here the control version 
has quite a strong influence on the resulting accuracy . With 
perimeter control the results deteriorate consistently by 
ratios between 1.12 and 1.26, as compared with the random 
distribution of contro l. 
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The ~~~Q!~!~ - ~~r!i~al_~~s~r~~t of the blocks with artificially 
marked tie points sfiows ~z values between 14,6 ~m and 26,3 ~m. 
In general, the differences against the respective cases with 
signa li zed points remain sma ll er than for the horizonta l 
accuracy. The additional parameters now improve the vertical 
accuracy by factors between 1. 2 and 1 . 5 . Thus the i mprovement 
is cons id erably more effective than with signa li zed po int s , 
which brings the f i na l vertica l results of both cases close 
together . Al so the effect of the strong ties is now visib l e 
as expected . 

7 . Conc lu sion 

The test has conf i rmed first the good economic posit i on of 
preparat i on and data acquisit i on for blocks with art i f i c i a ll y 
marked tie-points . 
With regard to the accuracy results we refer to the case of 
pairs of tie points,as it isrecommended in view of easy 
detection of gross errors : 
With s i gna liz ed tie-points the test resu lt s are summar i zed 
and represented by 

G 
0 

= 3 , 1 1Jm 

= 2,5 1Jm 

~x,y - 6 ~m , ~z ~ 14,5 ~m 

~x,y ~ 4,5 ~m, ~z ~13,9 ~m 

(wi thout add iti ona l 
parameters), and 

(wi th add iti onal parameters). 

Such fi gures are to be compared with the respective results 
referring to art ifi c i a ll y marked tie-points: 

G
0 

= 7,0 ~m ~x,y- 10,2 ~m, ~z- 24 ,3 ~m (without add .parameters) 

G
0 

= 5,9 ~m ~x,y - 9,3 ~m, ~z - 19,1 ~m (wi th add iti ona l parameters) . 

The results can be int erpreted that the operat i on of po i nt 
transfer adds independently to the a 0 values va l id for 
signal i zed points a random contr ibu t i on of about 5,3 ~m and a 
systemat i c component of 3 , 4 ~m, giving a r at i o of 2,4 for the 
c 0 va lu es . The systemat i c component i s taken out by add iti ona l 
parameters, which leaves G 0 for art i fic i a ll y marked po i nts at 
a l eve l of about 6 ~m. The abso lut e accuracy (9 , 3 ~m horizon
ta l, 19 ~m vertical) of the adjusted bl ock i s a l so inferior to 
the case of s i gna liz ed po in ts (hor i zonta l factor 2 . 0 ; vertical 
factor 1 . 4) . Howeve r, the ratios ~/G 0 (1 . 5 and 1. 6) are 
comparab l e or better than signa liz ed po in ts ( 1 . 9 and 1 . 8) and 
can be used in the convent i ona l way for est im at ing the 
abso l ute accuracy of a block from the G0 est i mate . 
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Considering that the results refer to one experiment only, 
they may not be directly representative for other cases. 
Nevertheless, it can be stated as genera1 conclusion: 
The test has shown that high precision aeria1 triangulation 
is possible with artificial tie-points although the results 
obtainable with signalized tie-points are not completely 
reached. 
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Table 1 Appenweier test block C. Results of bundle - blockadjustments, 
signalized tie - points versus artificially marked tie-points 

ti e-pts . hori z. C h e c k - p o i n t s 
case control 

~ cro horizontal :vertical c: 
0 E rcl 

(pm) llx,yl~o : 
·.-- Q) 0 E D.. 11x 11y 11x,y 11z til ....._ +-' "0 ·.--
S- • rcl c: S- "0 

(1Jm) (~Jm) (1Jm) {1Jm) 
Q) o~ ro Q) "0 n I n > CD.. S- D.. rcl 

I X 
I 3 27 3 . 05 75 6 . 6 7.1 6 . 9 2.3 I 58 14 . 7 

X 3 . 07 78 6 . 1 6 . 4 6 . 3 2.0 I 58 14 . 4 
signalized I X X 2 . 44 75 4 . 3 4 . 8 4 . 6 1.9 1 58 14. 1 
tie-points I X X 2 . 44 78 4 . 5 4.5 4 . 5 1. 9 I 58 13. 9 

1---------- -- ·- -----------------
1 9 I X 3 . 08 75 5 . 6 6 . 0 5 . 8 1 . 9 I 58 14.7 

X 3 . 09 78 5 . 3 5. 2 5 . 3 1.7 I 58 14 . 4 
I X X 2 . 47 75 4 . 1 4 . 8 4 . 5 1.8 I 58 14 . 0 

X X 2 . 46 78 4 . 6 4 . 6 4 . 6 1 . 8 I 58 1 3 . 7 I I 

10 . 1 1.4 
I 3 27 I X 7 . 37 64 10 . 6 10 . 3 1 2 6 19.3 

X 7 . 32 68 9 . 9 14 . 3 12 . 3 1. 7 I 27 20 . 8 
artificially I X X 6 . 39 64 7 . 0 8 . 3 7 . 7 1 . 2 I 2 6 15 . 8 

.__- - - 1- + ~ __.: - 6 . 35 68 9 . 0 9 . 1 9 . 1 1.4 I 27 14 . 6 marked --- --- - - - - --- ·- -1- -- --
tie-points 2 15 I X 

7 . 03 69 8 . 6 10 . 6 9 . 6 1.4 1 30 22.6 
X 6 . 96 68 9.5 11.8 10 . 7 1.5 I 30 26 . 0 

I X X 5 . 95 69 7 . 1 9 . 8 8 . 5 1.4 I 30 18.9 
X X 5.91 68 8 . 8 11 . 1 10 . 0 1.7 I 30 19.4 ----+---- ------ - -- -I-- - -

1 9 I X X 6 . 68 67 8 . 8 9.1 8 . 9 1.3 1 26 22 . 3 
6 . 64 70 11.1 10.9 11.0 1.6 I 27 26 . 3 

I X X 5.84 67 7. 6 8 . 8 8.2 1.4 I 26 18. 1 
I X X 5 . 81 70 9. 1 11.5 10.4 1. 8 I 2 7 18 . 0 

I 

max . errors 

.sx Ey Ez 
(11m) (11m) (11m) 

20 . 1 23 . 5 40 . 4 
19 . 6 2 2 . 5 40 . 0 

9 . 9 14 . 3 41.3 
1 0 . 9 13.3 41 . 5 
-------

18.0 21. 3 3 5 . 6 
1 7. 2 20 . 1 3 5 . 2 
10.8 14 . 4 38 . 3 
11.5 1 5 . 3 38 . 5 

22 . 9 24 . 8 38 .7 
24 . 4 28 . 9 38 . 9 
21 .1 20 . 1 2 9 . 1 
20 . 8 2 2 . 1 __ 29_: t--- -
18.8 2 2 . 7 63 . 9 
23 . 5 24 . 4 63 . 6 
1 9 . 5 21.7 44 . 7 
21.6 24 . 4 48 . 4 
--- -- - -

16 . 8 1 9. 5 44 . 0 
24 . 1 2 5 . 5 54 . 7 
20 . 8 20.9 4 5 . 5 
19 .7 28 . 0 45 . 5 


