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1. Organisation of the Test

b 1Y O 1.1 Introducticn
7.1 Result of the Analysis R ¢ 1 During the meeting of Commission ¢ in November 1967 several suggestions regarding
7.2 Comparison with Some Other Tests b it raeaaen.. T6 new test programmes were made. The measurement of clearly defined topographic

features, such as buildings and walls, was considered to be a task of great prac-

tical importance. For this reason further details of this task were discussed and

RefereNies . ..o\ viii it ir i inre i atainicianrae e 1B the goal of a programme was outlined. To prevent a& repetition of tests carried

out formerly, first the literature published in the Iieid of photogrammetric

The Most Important Notations . . ... .. on i iiannnneens 80 building measurement was to be compiled and analysed. This work was carried out

by Ir. J.A.J. Mar issen, at that time member of the "Fotogrammetrische

Listof Tables . ... ..o ii i ii ittt it e ieineenannneensaaesass 81

Dienst van het Xadaster", Den Haag (see aiso [1]). The compilation revealed that
so far the influence of different cameras and different restitution instruments
Summary...... 84 had primarily been investigated,

Annex SRR * X In later meetings of Commission C the Suggestions were dealt with in detail. To
keep the time for measuring and data processing within reasonable limits, it was

agreed that only a few important parameters were %o be included in the test, In

addition it soon turned out that the restitution would lead to an enormous amount
of work if the Restitution Centres Involved would furnish maps only. For this
reason a numerical-sclution of the problem was given preference, Considering that
an optimal result depends in the Tirst place on the terrestrial preparatory work
and the alr survey conditions, these factors were given speeial consideration in
the planning of the test programme. In principle the test deals with the determi-
nation of the accuracy with which buildings can be measured in a photogrammetric
model. For practical veasons alsec the accuracy of the terrestrial supplementary
measurements, e.g. plumbings of roof lines, was to be determined. However, it is
not the absolute position of the points that was to be determined but instead
their pesition with respect to nearby signalised points. This way the high ex-
penditure for terrestrial comparative measurements over g large area could be
avgided. In the opinion of the Commission, the participating Restitution Centres
should be free to use a restitution instrument of their own cheoice considering

that the test was pot aimed at comparing the accuracy of the various restitution

instruments. First results of the test have already been published at the Sympo-

gium of Commission IV of the ISP (Paris 1974), the ¥ITI®H Tnternational Conpress i

of the ISP (Helsinki 1976), at the Conpgress of the Mederlands Genootschap voor

Landmeetkunde (NGL) (Utrecht 1977) and at the XIVY® International Congress of the
© ISP {(Hamburg 1980) (see [2], [3], [12] and [13]).

After page 144:
List of OEEPE publications
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4.2 Test Programme

pased on the literature studies and discussions held in Commission C it was de-
‘tided to formulate the test programme in such a manner that the following ques-

jons can be answered:

L with what degree of aceuracy can points of a building be measured in a phobo-
‘grammetric model?

x with what degree of accuracy are the required terrestrial supplementary meas-

urements carried out?

The photogrammetric service of the Netherlands Cadastral Survey agreed to serve
és "pitot Centre™. As test field a part of the ecity of bordrecht {Netherlands)
was chogen (gee Fig. 1) which offered the following advantages:

it is within easy reach from The Hague, seat of the Pilet Centre at that time,
- 1% lies outside of airways and cirecling azreas of civil and military aviation,

the approach path is not too long.

over the entire area, evenly distributed, groups of points belonging together,
‘so-called "stations", were to be selected and measured. In these stations Five
kinds of polints are distinguished, namely:

a-pointa: signalised points {(on the ground)
“p-points: building corners

‘e-points: rool corners

d-points: points on roof eaves

e-points: points on root ridges (to be measured only photogrammetrically).

:To be able to determine not only the accuracy of the photoprammetric measurements
but alsc the accuracy of the terrestrial measurements, it was decided that the

stations were to be measured terrestrially as well as photogrammetrically by five
independent surveys. As connecting polints bebween the photogrammetric and terres-

trial measurements served Lhe a-peints signelised in the terrain.

+ To make bebter use of the extensive tLerresirial preparatory work, the test was
‘not to be limited %o one scale but the parameter of image scale was to be includ-
v ed as well, For this purpose photographs at the scales of 1:6000 and 1:3500 were
" to be taken. This way a comparison of accuracies would become possible which is
f:very important for the practice. In general photo flights are carried out only in
sunny weather. One can easily imagine that under these conditions the illumina-

" tion of the buildings dves influence the photogrammetric measurements. Because of
; this, the possible influence of an azimuthal change of the direction of illumina-
: ticn on the photogrammetric measurement was to be detcrmined as part of this ex-

periment. For this reason two photogrammetric fliphts were to be carried oub, one
in the morning and one in the afternoon, with an interval between bthe two flights
of not mere than about 2 x 24 hours at the mest. The most important parameters

for the photogrammetric measurement thus are type of point, image scale and posi-
¢ tion of the sun,
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Figure 2 — The test area of Dordrecht and its subregions, scale 1: 8000




a) station19

Figure 5 — Aerial photograph of Dordrecht, from flight at scale 1: 6000, taken in the
afternoon, reduced to 1: 8000

b} station 91

Figure 4 — Examples of terrestrial photographs of stations



positions of puildings relative to

Reflections on the accuracy with which the
4t the point of this

each other can bhe established by photogrammetric means was no

directly to the problem o
photogrammetrically

test since that problem can be tied f photogrammetric

point determinatiom, namely to the relative accuracy of two

determined points.

1.3 Arrangement and Aerial Photo Coverage of the Test Field

the teat field was finally set up in the winter

In compliance with these rules,
e test was limited to some

of 1970/1971 and in the following spring. Because th
few parameters and exeluded the determination of the absolute positicn of the
points, the test rield was divided into "stations",
To realise a regular distribution of these stations within the photogrammetric

g subregions of about 100 m ¥ 100 m
2}, Every station comprised 4
ts were only

as already mentioned before.

models, the test fleld was divided into 9 x

and in each subregion one station chosen (see lig.

or § signalised points. For the terrestrial measurements these a-poin

for the photogrammetric measurements they were marked by
For contrast increase a 15 cm wide biack ring
1et (see fig.3)

marked with a nail,
white disks, 25 cm in diameter,
he centering being guaranteed DYy & temp
ition of the building points
s by photo-

wag

placed around every disk, &
By means of these gignalised points the relative pos

n could later be determined by terrestrial as well a

within each statio
y Department

grammetric measurements. In addition to the Pilot Centre, the Surve

nity of Dordrecht also participated in the terrestrial
as photographed with a miniature camera in
measured and to pre-

of fThe Commu work. During

the preparatory work each station w
to mark on the photographs the building elements to be
s and 4b).

order
serve the conditions existing at that time (see lig.

ne when city zones are photographed, a normal-angle camera was

Considering that at that time many Reatitu-
he and that,

As is usually do
used for the photographic coverage.
& not in a position bto restitute 30/23 photograp
moreover, such a camera was nof yet available, a RMK 21/18 was used. The calibra-
the Universiby of Technology at pelft., There

9 May 1971. Subsequently
took place on

the flights were

tion Cenbtres wer

tion of the camera was checked by
The signalisation was completed on 1
The flights

were no complaints.
the phote flight was assigned to K.L.M.-Rerocarto.
30 May and 1 June 1371. In accordance with given instructions,
carried out at the scaleé 1:6000 and 1:3500 in the morning and
5). In conaideration of the building density and the
for both scales two flight strips were flown

2). Tor the flights the follow-

in the afternoon

{see fig, visibility of the

signalised points from the air,
whose flight axes coineided in position (see fig.

ing equipment was used:

- Camera RMK 21/18

- Lens Topar
- Film Kodak XX
- Filter Yellow filter 2x

In spite of the considerable overlap

Additional data are compiled in table 1.
tions located

rom 1:6000 scale, the restitution was not limited to sta

resulting f
the test fleld in

in the centre of the meodel only. puring the preparation of

igure 6 — Station with indication of the building elements and the point numbering
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April and May, a survey team of the Community of Dordrecht spent 116 hours, and
a survey engineer assigned to the Pilot Centre spent 184 hours, for the selection

monumentation and signalisation of the a-points.

2. Measurements

2.1 Introduction

Prom the very begimning of the test a numerical restitution and electronic data
processing had been planned. This called for a strict enceding of the points ac-
cording to station and type of poini. This encoding had, of course, to be identi-
¢al for the berrestrial and the photogrammetric measurements (see Tig. 6). To be
able to determine significant differences between the terrestrial and photogram-
metric measurements with a satisfying degree of accuracy, the measurements had to
be repeated five times, i.e. on the one hand, five different survey teams were to
measure the station points by two independent series and, on the other hand, five
Restitution Centres were Lo measure the same points by two independent series,
too, If possible a second operator of the Restitution Centres was tq repeat part
of the measurements (see 2,%.2). This way another comparison would become possi-
ble.

2.2 Terrestrial Station Measurements

2.2.1 Preparatory Work

In spring 1971 the stations were selected and signalised under the direction of
the Pilot Centre. The work was carried out by a survey fteam made available by Che
Survey Department of the City of Dordrecht. The preparatory work for the terres-
trial measurements also included that,after the fiight, the signalised points
{a-points) were marked on a general map in such a manner that at every point one
¢an see in which of the photo flights it is visible. By means of this map, the
a-points to be used for each statien could subseguently be selected in such a
manner that the same points could be measured terrestrialliy as well as photogram-
metrically. Only by proceeding this way the later comparison of the two measuring

methods became possible.

The terrestrial measurements serve the determination of building elements in re-
lation tc the sighalised points belonging to a station. The points and lines to
be measured were - separately for each station - marked on eniargements of air
photographs at 1:700 scale {fig. 7a and 7b). The Community of Dordrecht spent a
total of 176 working hours for the determination of the control points. We profit
of this occasion to thank its staff once more for its co-operation and valuable
assistance.

?2.2,2 Execution of the Measurements and Some Rules

In fall 1971, by order of the Director of the Netherlands Cadastre, the Cadastral

Office Dordrecht carried out the terrestrial station measurements, i.e. the de-
termination of the building elements with respect to the signalised a-points.

First only provisional rules were given for these measurements, The final measur-
ing instruction was established only after some test measurements had been made,

sr the fterrestrial measurements the method of optical distance measurement

eemed best. On the one hand, this method is particularly well suited for measure

ents carried out in city centres and, on the other hand, numerical data process-
1hg presented no problem because a computing programme prepared by the Geodesy
bépartment of the Delft Techniecal University was available. For the recording
..brms were used which had alsc been designed and supplied by the Gecdesy Depart-

gient. In order to possibly carry out five independent station measurements, the

‘Netherlands Cadasbral Survey engaged five survey teams consisting of four persons
ach. The equipment of each survey team comprised:

"1 Kern tacheometer DK-RT;
1 roof plummet;

a measuring instruction and a general map;

photegraphs for each atation annotated with the information on the elements to
pe measured (these elements are not yet indicated on fig. Y4a and Ib);

aerial photographic enlargeﬁents 1:700 for each station also annotated with the
information on the elements to be measured (see fig. 7).

The measurements were carried out with the method of free stations (see also [#1).

The horizontal angles and the tangents of the elevation angles were observed in

one telesecope only. In case more setup points were required for one station, then
at successive setup points always two eclearly defined identical points were addi-
tionally chosen for the connection of the measurements. In 85% of the cases not

ﬁore than one setup point was required for one atation. According to given in-
structions, the first survey team had to enter the numbers of the points on the

aerial photographic enlargement. The point numbers consist of five figures:

‘The nuwmber of the setup point {continuous); the station number (from 11, .... 99);
“’the coded type of point (a-, b-, ¢~ or d-point) and a consecutive number.

‘The ground projections of the c- and d-points (roof points) served as auxillary
points for the survey of planimetry. This means that the terreatrially determined
“planimetric co-ordinates of the roof points include the errors of plumbing.

“ The terrestrial measurements offered the opportunity to test the suitability of

~'different roof plummets. In photogrammetric practice these plummets are used to
‘plumb and measure respectively projections of roof peints or other highly located
“points of difficult access. For the Dordrecht test three types of plummets were
Javailable, built by Wild, Hensoldt and by the Rijkswaterstaat, Delft. Following
va report submitted by fthe Director of the Cadastral Office at Pordrecht, the
.three plummets are characterised as follows:

i Optically the Wild instrument has in general proved its worth, At low tempera-

. tures, however, the fluid compensator reacted on an average toc slow., For Dufch
weather conditions the plummet was too sensitive to the weather. The cardanic
suspension of the centring rod was found to be somewhat too weak, the handle
should be stronger. The ccnnecting base between opbical part and centring rod was
also found too weak and the connection of the two parts too short., Moreover the
.. entire instrument could be a 1little longer. Repeated plumbings resulted in a
scattering of 1 to 2 cm,




The line of sight of the Hensoldt instrument is rigidly cormected to the centring
ipod., Every movement of the rod presents itself to the eye strongly exaggerated in
éhe vigual field. Here, too, the connection between optical part and centring rod
was found too weak and the centring red too light. The length of the rod and the
cardanic suspension satisfied the reguirements. Repeated plumbings resulted, how-
ever, In a scattering of about 10 cm,

ipe plummet built by the Hijkswaterstaat is a simple tube with a line of sight.

his tube is mounted on a range pole and placed In vertical position by means of
; range pole level. The accuracy of the measurements corresponded approximately

o the accuracy reached with the Wild instrument.

n view of the results obtained by the test measurements, the determination of
ithe rootl corners and roofl eaves was carried out by the plummet built by the
‘Hijkswaterstaat and by some Wild plummets (fig. 8a and 8b). The third plummet was
ot used because of 1ts larpge scatterings.

n the whole, approx. 11 000 point measurements were taken for 71 stations. Un-
ortunately 10 of the originally selected stations could not be used because
uildings or signals had been destroyed prior to the flight or because sipgnals
ere not visible on the aerial photographs. On the average every survey team
‘fieceded about 16 working days to carry out 1ts measurements which amounts to a to-

Photogrammetric Measurements
Preparatory Work

en Hestitution Centres took part in the photogrammetric measurements. A 1ist of
‘these Restitufbion Centres, the instruments used, the number of the models meas-
‘ured, ebc. is given in table 2, A list of the restitutions ineluding the number

f the measured stétions is given in table 3, Each restitution contains wmodels
originating from two flight strips. The work was distributed in such a manner

hat the Restitution Centres 0 - 4 measured the models of strip 1 and the Resti-
ution Centres 5 - 9 the medels of strip 2. The principal restitutions are the
restitutions 1 - 4 carried out by the first cperator. Here every model was inde-
pendently measured [ive times. The restitutions 5 - 8§ are repeotitions of the res—
ﬁitutions 1 - 4 but carried out by another operator. Considering that not all of
‘the Restitution Centres could make a 2nd operator available, only some of the
-planned models were measured twice independently. The stations had been evenly
ﬂistributed over the model thereby always paying attention that the a-points were
isible., To guarantee the completeness and the correct encoding of the photogram-
metric measurements, a list of numbers of the points to be measured in forward
and backward direction was cempiled for every model and every operator.

Originaily it had been planned to perform the photogrammetric and terrestrial
easurements at the same time but later on it turned out that this was not fea-
5ible because of the necessary uniferm numbering of the points. As menbioned be-
Tore these point numbers had been assigned guring the terrestrial measurement
carried out by the first survey team. This time had been chosen bo dispose of as
Many identical a-points as possible,

G

b) Wild instrument .

Figure 8 — Plumbing with roof plummet




2.3.2 Rules for the Photogrammetric Measurements

precise rules had

ardization of the photogrammetrie measurements,
These rules

n Centres.

To reach 2 stand
to be observed which applied in particular to the Restitutio
read for the Dordrechb test as follows:

p among the Restitution Centres in such a

The measurements are to be aivided u
> models at the scale of 1: 6000

manner that ezeh Centre measures 12 models, i.e.
ight in the morning and

and I models at the scale of 1:3500, once during the fli
he afterncen. The models at small scale are to be

1)

once during the flight in ©

measured fivst.

2) Every Restitution Centre is provided witb the fFollowing material:

_ 1 set of aiapositives on film;

- 1ists of the points to be measured in sach model;

- general map 1:2500 depicting the test fleld with tThe marked stations;

- general map 1:2500 depleting the control points and the signalised a-points;

- aseria! photographic enlargements 1:700 (station sketehes) (see fig. 713

- terrestrial photographs of the stations (see fig. 4);
libration data of the camera;

_ distorsion curve and other c2
for the {preliminary} abso-

- go-ordinates of the } control points per model,

lute orientabion of the models.

The choice of the restitution instrument is left to the Restitution Centres.

3}
Iy

The method of relative orientation is left open. The absolute orientation is

carried cut numerically at a iater time, based on the given control points.
The model scale is to be chosen as large as possible.

5) The helghts are - like bhe planimetric co-ordinates X, y - to be recorded in

nmillimetres in the wodel".
The series are to be carried out

The models are to be measured in two series.
- 50 that the two set-

times - but without teo leng an interval
arried out immediately one after the other.

63
at different
tings of one point are not ¢

Provided the Restitution Centres are in the position to do 30, of each flight

one model is to be measured (in two series) in the same

This is to take place only after a new inner and relative orilenta-

operator.
¢ion of the photos.

The measuresments are to be carried out in the order as indicated on the list

of points to be measured for each station.

83

Upon completion of the measurements (for-one scale} every Restitution Centre

sends a copy of the original measurements to the Pilo

93

president. The Pilot Centre must ensure that all r

1f need be it proposes Lo the President ho
1e way is to be chasen.

clear.
corrected or completed. TFor this the most simp
10) The final report must contain the following jnformation:
- Restitution instrument and recording devices used, correction plates, type
and size of the measuring wark, model scale.
- Method of relative orientation.

- Description of the axecution of work, time expenditure, ad

instrument by & second

t Centre and informs the
estitutions are complete and

w the restitutions are o be

ditional comments

on operator and his experience, instrument adjustment, ilm shrinkage
3 3

residual parallaxes, reading accuracy and the like.

13 If a Restitution Centre considers it useful or necessary to change a rule, it

5 0 o - 3 :
may suggest so to the President of the Commission before the actual work is
started.

ca later time it turned out that - contrary to rule 1 - for strip 1 of restitu-

on 4 (Flight at 1:3%00 in the afternoon) 6 models were required instead of i
g; cover the area (see table 2).

3.3 Measuring Results of the Restitution Centres

Th February 1972, fthe Restitution Centres received the material necessary for the
measurements (see 2.3.2, item 2). Some data on the restitutions are contained in
bles 2 and 3. The indicated restitution times must be looked at critically be-

catise the final reports do net always clearly indicate what parts of the entire

r# are actually ineluded in these reports. A1l Restitutlion Centres employed ex-
rlenced operators well Tamiliar with the Instruments used. Belore the measure-—

ments were started all instruments were, though according to different methods
sted and, ’

if necessary, adjusted. All operators agreed unanimously that fhe

??nt%flCﬂthh of the points at 1:6000 image scale is bad. This also applies to
he signalised a-points.

? practical work o larger image scale iz to be preferred. In some models the

" . . . . X
Wb: of discarded points is very large, in some cases even very poorly defined
nts had been measured. At the end of Pebruary 1973, the Pilot Centre disposed

...the results of all measurements and computations carried out by the Restibu-
ion Centres.

Computation of- the Co-ordinates

1 Computing Programme

July 1970
y 1970, Mr, van G e n £ from the Photogrammetric Service of the Nether-

ands g ]
adastre forwarded the draft for a test programme on building measurements

e ] R .
. e members of Commission €. Following a meeting which was also attended by
aor s » .

epresentatives of some Restitution Centres, Mr. van Gent submitted in October a

Topo tati i
posal for the computations required for the analysis of the results. In Decem-

b - 1551 i i
T, the commission discussed this and asked Mr. van Gent to draw up a computing
rogra i i

gramme, To ensure that, at a later time, significant differences between the

Srrestri .
rea?rlal and photogrammetric measurements could be determined, Messrs. L 1
erink and Dubbelt : - o

e e e from ?he Technlcal Uni?ersity at Delft suggested
C oy e : measur%ng programme (heighta) which also meant an
X o e computing programme. In June, the commission discussed all de-
}ls of the computing work, thereby placing special emphasis on the possibili-
les of a comparison of lines (roof eaves). Following this discussion, the Presi-

lent of the issi
%l) he commission prepared a new comprehensive draft (version of 1 September
a E i y '
nd forwarded it to the people concerned., At another meeting the comments

nt to the P i ¥ i
o0 the President were discussed and the programme was cnce more slightly al-

red, * i
On 30 December 1971 the final version was available. The Steering Committee




raised no objections to the suggested experiment.

The computing programme assumes that for every atation and for cvery restitution
the terrestrially and photogrammetrically determined co-ordinates are already
available in a uniform local net. Proceeding from this assumption, the programme

includes - in shortened form - the following computations:

Ttem 1, Terrestrial measurcments
For each station the co-ordinates of the a-, b-, ¢- and d-points are determined
terrestrially by % independent measurements. The double measurements taken by

every survey team are averaged and regarded as one measurement .
o+

Ttem 3.1 Computaticn of the terrestrial co-ordinates of the a-points
The planimetric co-ordinates x and y of the measurements 1 - 5 are averaged.

These arithmebic mean values are the final co-ordinates.

The heights z of the measurements 1 - 5 are also averaged. These arithmefic mean

values are the final helights.

Item 1.2 Computation of the terrestrial co-ordinates of the b— and c-points
Simultaneously with the a-points (see item 1.1) the planimetric co-ordinates X
and y of the b- and c-points of the measurements 1 - 5 are transformed into the
system of the mean values of the a-points by a linear conformal transformation.
Subsequently the co-ordinates of the single b- and c-points are averaged. The

arithmebic mean values are the final co-ordinates.

Simultaneously with the fitting in of the heights z of the a-points into the mean
values, the heights of the b- and c-points are alsc displaced in parallel direc-
tion. Subsequently the heights for every point are averaged. These arithmetic

mean values are the final heights,

Item 1.3 Determination of the Lerrestrial d-lines

FEvery d-liine is determined by two d-points. The adjusted straight line through
the 2 x % = 10 d-points runs through the cenbre of gravity of the 10 points.
If %', y' are the co-ordinates of the d-points with respect to the centre of
gravity, then we obtain the azimuth o of the d-line from the equation

ban 2 o = e kXY (31,01)
[XIXI] - [.y'y']
In doing se it is assumed that the square sum of the perpendicular distances from

the points to the straipht line becomes a minimum.

A similar result is obtained when Lhe co-ordinates of the five d-points at the
heginning of the d-line and the co-ordinates of the five d-points at the end of
the d~line are averaged. By means of these twe centres of gravity the d-line is

determined.

To determine the heights of the d-lines, the x- and y-co—ordinates of the d-poinis
are to be transPormed ifito the adjusted straight {planimetry). In case the neigts
7 and the transformed planimetric co-ordinates % are relferred to the centre of

gravity again, we obtain the inclination B of the d-1ine as compared to the

ﬁorizontal plane from the equation:

[x'z']
i

Wi

tan g = +o—? (31.02)
tyt

bl

sidering that the y-values are small and in this case practically of no impor-

ance, we can alsc say:

%= (%1.03)

CCB a

'ée equation {31.01)). This way we obbtain from eguation (31.02)

t T
tan g = LEAEAi cos a

[xtx']

(31.04)

Ttem 2. Photogrammetric measurements of different Restitution Centres

For every station the co-ordinates of the a-, b-, ¢-, d- and e-points were inde-
pendently measured by five different Restitution Centres. For the a-~, b- and
c-points the two series of each restitubtion were averaged and taken as one meas-—
urement. We refrain from treating the five independent photogrammetric restitu-

ions the same way as the five terrestrial measurements.

Item 2.1 Transformation of the phofogrammetrically measured co-ordinates into the
asystem of the terrestrially determined a-points
For each station we transformed in linear conformal manner the phobogrammebrical-

‘ly measured planimetrie co-ordinates x and y of all points of the measurements

1 - 5 by means of the co-ordinates of the a-points into the berrestrial system.

As values of comparison served the mean values of all five terrestrial measure-

‘ments according to item 1.1,

he heights % of all points of the photogrammetric measurements 1 - 5 were for
each staftion also converted into the terrestrial system by a parallel displace-

‘ment with the aid of the a-points.

Item 2.2 Computation of the photogrammetric co-ordinates of the b- and c-points

“Simultaneously with the a-points the planimetric co-ordinates x and y of the b-
sand c-points of the Pive photogrammetric measurements were transformed in linear
‘eonformal manner into the system of the mean values of the terrestrial measure-

ments of the a-points (see item 2,1).

Together with the fitting in of the heights 2z of the a-points into the correspori-
ing mean values of the terrestrial measurements, alsc the heiphts of the b- and
c-points were displaced in parallel directicn {see item 2.1).

Item 2.3 Determination of the photogrammetric d- and e-lines

The cowputation of the photogrammetric co-ordinates of the d- and e-points cor-
responds to that for the a-, b- and c¢-points given under items 2.1 and 2.2. The
further computations lor the d- and e-lines correspond to those given under
item 1.3,

Item 3. Photogrammetric measurements of the same Restitution Centre
In some Restitubtion Centres, two observers had restituted independently one (or

2) model{s) of each flight. OF these, only ane measurement was used for the



computation under item 2.

Then, we tranasformed, azlso in linear conformal manner, the photogrammetrically
measured planimetric co-ordinates of all points of the second measurements by
means of the co-ordinates of the a-points into the terrestrial system. The helghts
were converted by means of a parallel displacement. As values of comparison served

the mean values of all five terrestrial measurements according to item 1.1.

Ttems 4 and % of the compuiing programme deal with further comparisons of the pho-
togrammetric measurements with the terrestrial measurements. These error computa-

tions will only be dealt with in chapter #.

Originally the programme also Included the computation of ¢!-points, i.e. roof
corners a8 intersections of two roof eaves but the test field did not dispose of
a sufficient number of such points.

The programming work was carried oubt by the Netherlands Cadastral Survey at Apel-

doorn. A Philips P 880 computer was available there.

The tasks comprised:
- Locating and correciing (or eliminating) gross errors;
- Computation of the final co-ordinates;

- Determination of the accuracy of the measurements (see chapter 4).

3.2 Processing of the Results of the Terrestrial Measurements

3.2.1 Computation of the Terrestrial Co-crdinates for each Station

With the aid of the computing programme of the University of Technology at Delft,
the measured polar co-ordinates were converted into orthogonal co-ordinates x, ¥.
A% the same time the helghts z were computed with the aid of the tangents of the
vertical angles. Before the transformation the input data were checked and, if
necessary or pogsible, correched. After the transformation the co-ordinates of
all points measured twlce by each survey team, l.e. the co-ordinates obtained
from the two series as well as the co-ordinates for each of the two end points of
a roof eave were averaged. In case several setup points were reguired for one
station, the co-ordinates x, y of the system of the second sebup point were trans
formed in linear conformal manner ~ without change of scale -~ into the system of
the first =setup point by means of the common a-points and the tie points meant
for this purpose (see chapter 2.2.2}. The heights z were displaced only in paral-
lel direction. This way the co-ordinates of the a-, b-, c- and d-pointse were
known in a local system, with the first setup point as co-ordinate origin. These

local systems served as basis for the subsequent computations.

Although for each station the planimetric co-ordinates of the different local
systems indeed were transfeormed into a uniform system, the computing process was
slightly changed with respect to item 1.1 of the computing programme considering
that not every survey team had measured all a-points. By means of the a-points
the co-ordinates of the survey beams 2 - & were transformed one after the other
into the system of the first survey team. This means that we disposed for each
one

a~point of [ive co-ordinate triples in co-ordinate system, Subsequently

so-ordinates were averaged and the co-crdinates of the five survey teams
heoonce more transformed in linear conformal manner intc the system of these
. yalues. Averaging and transformation were repeated until there were no more

g'ificant changes.

{ith the last transformation parameters the co-ordinates of the b-, c- and d-
Yats were then converted into the system of the a-points. Bubsequently these
ofdinates were averaged as well. The arithmetic mean values of the a-, b- and
.1nts are the Tinal terrestrial co-ordinates (see items 1.1 and 1.2 of the

somputing programme).

ﬁhe case of the d-points these mean values correspond to the centres of gravi-
obtained from the maximally five measurements at the beginning and at the end

5 d-straight. By menas of these two centres of gravity the final terrestrial
iraight is determined (see item 1.3 of the computing programme). For the de-

ction of gross evrors {see chapter 3.22) and for the error computations (see

1} 211 d-peints measured by the five field parties were for each roof eave
Aansformed into a new orthogonal system formed by the d-straight and a plane
serpendicular to the straight at the beginning (left) and at the end {right) cen-
tfé of gravity respectively. In this new system the deviations of the single d-

yoints from the d-straight were determined,

:2.2 Gross Errors of the Terrestrial Measurements

The Pilot Centre experienced that for such extensive tests the detectlon and, in
ﬁarticular, the finding out of the source of gross errors and - if possible -
heir correction takes a great deal of time. In the presen{ case, where great im-

pértance is attached to a perlect terrestrial basis of comparison, therefore as

many as five terrcestrial measurements were carried out as a matter of precaution.

Moreover, it was to be assured that in the processing of these measurements no

tieasuring results were discarded unnecessarily. For this reason different toler-

ances were included in the computing process, depending on the tolerances of each

preceding computational step as well as on the kind of point.

As Lo the terrestrial measurements, we can describe the standard deviation vy of
a single measurement as follows:

2 2 2 2

9% % ®instr * %ident T Yabl

where

g, _, = standard deviation caused by the instrument,
instr
o, = standard deviation of the identification,
ident
%an = gtandard deviation of the plumbing {only for c¢- and d-points}.

On the basis of for these standard

deviations the following values were assumed:

the experiences and test measurements made,

“instr 3.0 omj
Oident - 2.0 cm;
= 2.5 cm,

“abl




Considering that a difference of aboub 6s between singie observations is statis-

tiecally still justifiable,
pwe series of one field party the following tolerances were used:

for the detection of gross errvors of the differences

between the

- for the planimetric co-ordinates X and y: 30 cm
- for the heights u 40 em (see table #).
N
While the identification and plumbing errors play no part for the a-points, the
nevertheless, we chose for these

plumbing errors are important for the b-poinbs;
c- and d-points. As far as

types of points the same tolerances as we did for the
the heights are concerned we expected a larger additio

well as an influence of the vertical angle measurements {tangents of the vertical

angles).

TFor the two series along the roof lines the d-points could in most cases not be
jdentilied unambiguously., Therefore the tolerances indicated in table 4 only ap-
ations in the direction of

ply to the transversal deviation q = y. For the devi

the roof (%-axis) a tolerance of 4 m was introduced for identity control. As to

e individual field parties from the

the deviations of the results obtained by th
total mean, we have to deo, on the one side, with mean values of two series and,

on the other side, with the mean of the results obtained by five field partles.
This means that here the tolerances should be about half as large as in the pre—

ceding instances. We now considered, hewever,

cation and plumbing errors are of no importance and took for the planimetric co-

ordinates x, y and the heights z the following tolerances into account:

- a-points : 10 ecm
- b-, c¢- and d-points : 15 cm

ATter the correction of the gross errors, the errors of the a-points remained

even within a tolerance of 5 cm.

peints and the plumbed roof points, which

On the whole - apart from the auxiliary
d - the Pilot Centre examined 3440 point measurements {means ob-
he first run 2818 measurements stayed within the

were eliminate

tained from two series). During ¢

tolerances which does not mean, however, that all of the remaining 596 measure-

ments were erroneous; if an a-polnt had not been measured correctly, the apper-
taining b-, ¢- and d-points could neither be computed.
dsnetes of twe sbations could not be computed at all which v
stations to 69. Altogether B1d errors could be detected and corrected so That in
he reasons for faulty measures-

educed the number of

the end 182 point measurements or 5.45% were lost. T

ments or faulty data were:

- Horirontal angle measurements 247

- Vertical angle measurements 39%
- Point confusions 20%
- Distance measurements 11%
- Unknown (single measurements) 6%

nali identification error as

that for the a-points the Sdentifi-

Tor this reason the co-or- -

3.

W the computed co-ordinates of the 3228 point measurements are distributed over

e different types of points is shown in the following table:

Type of point Number of points Number of peoint measurements 5
(Mean of two series)
a 262 1 250
b 23 114
c 81 390
300 147k
Total [ 3 228

n account of the reduced number of observations, five independently measured co-
rdinates (five field parties) are no longer available fob every point, however,
e deviations are small.

i3 Processing of the Results of the Photogrammetric Measurements

3.1 Computation of the Photeogrammetric Co-ordinates for Every Station

en different Restitution Centres carried out the measurements. TFor the main test

e. for the restitutions i - I (first operator) every statlon was, as a rule,

_gasured by five Centres {(see table 3). This means that maximally 20 co-ordinate
eots exist for every station. This does not apply to the restitutions 5 - §

hough (2econd observer}; here maximally B and 19 sets of co-ordinates respective-
.y are available for one station. We left, however, unconsidered that at a pheto
seale of 1:6000 a number of stations is found on strip 1 as well as on strip 2.

'o facilitate the work of the Pilet Centre, the Commission decided that the Res-
itution Centres were to carry oubt so much of the computaticnal work that the
.'lot Centre could be provided with co-ordinates that are approximately national
o~ordinates. This measure offered the advantage that subsequently to its own

easurements every Restitution Centre could also use its own computing programmes

and that ~ if necessary - gross errors could be corrected by the Restitution Cen-

'3)

res themselves. Here, too, special rules had to be observed, namely:

71} If the Restitution Centres use sterecocomparators, they must subsequently com-

pute model co-crdinates. The resgidual parallaxes muset be indicated,

By means of given control points the Restitution Centres are to transform the
model co-grdinates in linear conformal manner into the terrestrial system. For
the a-, b- and c-points the two series of one operator must be averaged [irst.
For the a-, b- and c-points the mean differences and the standard ervors of
the mean respectively are to be indicated in "millimetre in the terrain" model
by model (compare measuring accoracy M and fitting accuracy E of the test Rei-
chenbach) .

The results of the computation are to be furnished to the Pilot Centre as hard
copy and on punched tapes or punched cards. Punched cards are preferred. The
results should be listed in the co-ordinate 1list per station. Per station, the

a~, b-, e¢-, d- and e-points should follow one ancther by greoups in ascending



numerical order. The sequence of the data is: point number, x, ¥y, Tt is as-

sumed that the results have already been cleaned by the Restitution Centres,
i.e,

Z.,

that all data which are not wvalid have been eliminated.

4) A report should indicate how the results were obtained and what measurements
were eliminated. The report is also to include transformation constants, lists

ol errcors, time required and the like.

ty transformation (Helmert transformation). The residuale in the control points
were often used to compute a fitting accuracy, But since these computations were

not carried cut uniformiy, a comparison of results does not reveal much.

The internal accuracy of the photogrammetric measurements will be investigated in:

a later chapter (see chapter #.2). The Pilot Centre received from every Restitu-
tion Centre the transformed co-ordinates punched on cards and arranged by sta-
tions and types of points. Apart from the a-, b-,

Centres also measured the e-points, i.e.

c- and d-points the Restitution
the points on the roof ridges.

The computational work of the Pilot Centre comprised the following working steps
(see item 2 of the computing programme):

- In case the Restitution Centres had not averaged the results of the two series

of one medel, these results were first averaged.

- The planimetric co-ordinates of the a-points of several stations had not heen
determined terrestrially in a uniform s&stem but each station had its own loeal
system. Therefore the computing programme was modified and the maximally five

photogrammetrically determined co-ordinates were averaged, For every station

and every restitution the averaged terrestrial co-ordinates (i.e. the real co-
ordinates of comparison) were, with the aid of the a-points - without change of
the scale - transformed by linear conformal fransformation into the photogram-
metric system,

i.e. into a system whose x-axis runs parallel to the Flight axes.

~ The heights were displaced only in parallel dirsction into the terrestrial sys—
tem {mean of the a-points).

- For the e-iines no terrestrial messurements of comparison are available., For
this reason, after the transformation, only the co-ordinates obtained from the
five restitutions were averaged. These mean values correspond to the centres of

gravity at the beginning or end of an e-line, and define the final photogramme-
tric e-line.

For the detection of gross errors (see chapter 3.3,2) and for the error computa-
tions (see chapter 4.2) all e-points measured by the maximally five Restitubion
Centres for each roef ridge were transformed into a new orthoponal system formed
by the final e-line and a plane vertical to it at the beginning (left) and at the
end (right) centre of gravity respectively. In this system the deviationsz of the
aingle e-points from the final e-line were determined.

ALl computations mentioned apply to the measurements of the first as well as to
those of the second operator.

Subsegquently to the measurements the model co-ordinates were tranasformed intoc the

terrestrial Dordrecht co-ordinate system by means of a plane or spatial similari-

gross Errors of the Photogrammetric Meagurements

Hestitution Centres involved had done their best to measure as many of the
nd cated points as possible. Due to various reascons not all of the Cenktres were
the position to have the measurements repeated by a second operator. Therefore
numper of the theoretically possible {pilanned) 29 040 point measurements
jweans of two geries) was reduced to 25 840 measurements. The Pllot Centre, how-
v, had only 23 450 measurements at its disposal. The reasons for the loss of
ther 2300 measurements (about 9%) must, according to the records of the Resti-

on Centres, primarily be attributed fo:

dentlflcahaon difficulties and )
1apge differences between the first and second series.

§ eriteria (%olerances) were used by the single Restitution Centres is unfor-

tely not clear. Before the transformation the Pilot Centre had to reject an-

ther 115 measurements for the following reasons:

The co-ordinates of some photegrammetrically measured stations could not be

transformed because the mumber of corresponding a-points did not sulfice, This

meant a loss of 105 measurements.

Several Restitution Centres had measured points which lacked terrestrial co-or-

dinates. Because of this anofher 310 measurements were iost,

i the whole 23 035 photogrammetric measurements could be transformed inte the
‘terrestrial co-ordinate system., To avoid gross errors, for these computations

irrerent tolerance limits were incorporated in the computing process, depending

on the photo scale as well as on the type of point.

‘Az a result of test measurements for each restitution provisional standard errors
_erc determined, and the greatest values in each of both scales were multiplied
'by 4 and rounded off. Gross errors in the a-points were corrected or eliminated
‘and then the transformations were repeated. This way the other points of the sta-

Another check for gross errors resulted in the tolerance

‘tions did not get lost.
imits indicated in table 4. Table 5 shows the point measurements which were net

:used on account of exceeded tolerances. The measurements of the two operators
were compiled and the differences between the terrestrially and photogrammetrical-

1y determined co-ordinates were, according to their size, arranged in groups,
geparated according to restituticns and types of points. The interval width de-

pended on the tolerance limit, An analysis disclosed that the numerous exceeded
tolerances for the d-points (1:3500 scale} resulted primarily from four model
For one model of restituticn 2, Restitution Centre O and for another
model of restitution 8, Restitution Centre 5, all points (eXxcept the a-points)
nad to be rejected. In these models probably the height secale should be larger by

a factor twoe. As the Restitution Centres - contrary to the rules - had supplied

neasurements.

only tranformed co-ordinates, the Pilot Centre was not in a position to find out

the exact reascn for this.

Since all control peints have about the same height it was neither possible %o
detect such an error during the absolute orientation. A model of restitution 2,
Restitution Centre % and another model of restitution 8, Restitutlion Centre 5



also resulted in high point losses due to exceeded tolerances in z. The reason
for this may also be an error in the height scale." These 4 of the altogebher 118
model measurements at 1:3500 scale contained 130 of the altogether 281 exceeded

tolerances for the d-points. The same models alsc contained 4 exceeded tolerances

2  Accuracy of the terrestrially determined co-ordinates of the b- and |

g-points I

dering that the number of the hb- and c-pointes of each station is small and

. . thé single poeints were probably measured with varying accuracy it is recom-
for the b-points and 28 for the c-points. The remaining values exceeding the tol- ;

“to compile the errors of all points. From all values v and v_ we obtain
erances are about egually large for both scales and amount to approx. 2%. They are . . x o 7

K _ ik K tgndard co-ordinate errors oy and me, regpectively of planimetry from
rather regularly distributed over the different vestitutions and Restitution “

Centres.

(41.05)

mkb and m, . resp. =

ENP(iwl)

' Accuracy of the Measurements (Error Computations)

.1 Accuracy of the Co-ordinates Determined Terrestrially
number of all b- and c-points respectively.

For the determination of the standard co-ordinate errors (standard deviations)

the computing programme includes -~ in condensed form - the following computations nfluence of the errors in the a-points in this case is left unconsidered.

Item 1.1 Accuracy of the terrestrially determined co-ordinates of the a-polnts Originally, the computing programme was te compute the standard errors for

. . 2 - .
From all values v, and Vy of one station, i.e. from the differences bebtween the gach point and to compile the errors and the [v®] respectively of all points

planimetric co-ordinates of each single measurement and the co-cordinate means of only at the end in crder to be able to better analyse the reasons for the

the maximally five measurements, we obtain the standard co-ordinate error m__ of errors and the components of errors.

ka

a measurement from : . . -
the height applies accordingly

(41.01)

m,, and m, . resp. (41.06)

zb

ng = number of the a-points of the station.

: 1.3 Accuracy of the terrestrially determined co-ordinates of the d-points
i = 51: number of the measurements.

coording to chapbter 3,1 item 1.3 the co-ordinates of the maximally five d-polints

The standard error for all stations must be computed accordingly.

ere averaged at the beginning of each d-line {left) and at the end of each d-line
. A tight). By means of these two centres of gravity the final terrestrial d-line is
For the standard height error m applies accordingly: : . . . . .

Za etermined. A1l d-points measured by the five field parties were [for each roof

eave transformed into a new orthogonal system formed by fthe fipal d-line and a

2
fv;1
m = (h1.02)
(nFul) (i-1)

blane perpendicular to it in the beginning (left) or in the end {(right) centre of
ravity. Thus the horizontal deviations vy and the vertical deviatiocns v, of the

Here ngle d-points of the d-line are devermined {vide chapter 3.2.4).

dzn N - (41.03) i
) or the same reasonsg as for the b- and c¢-points, the errcrs of all points were

émpiled. From the values ¥y We obtained the standard co-ordinate error mq of

n,i

{(1.07)

In this case, too, a mean value was computed for all stations.

On account of the irregular number of a-points per station, my and mza'were com-
puted from the Vs vy and v of the altogether 261 a-points of all 69 stations.
This means that on an average there are 3.8 a-points per station.

For the standard co-ordinate error m accordingly equation (41,06} applies.

zd?

The results of the computations are shown in table 6. Considering that Some poirts
were not measured by all i = 5 field parties, in the compilation of the errors

for the different types of pointa the value N, - i was replaced by the number Ny

P




a) absolute errors
A ;= co-ordinate differences between F; and

R

o
b} relative errors from the deviations with respect to the co-ordinate

means of all restitutions
A’y= co-ordinate differences between F, and B

B

¢) systematic deviations from the co-ordinate means of all restitutions
Ag;=co-ordinate differences between Py and B,

Figure 9 — Explanatory notes regarding the standard errors according to the compu-

Py

ting programme

Here is:
terrestrially determined point, mean of /=5 measurements (centre of
gravity)

photogrammetrically determined points for different restitutions of a flight

(i=1>5)
centre of gravity of P, P, ... P;. Mean of 1=35, partially of {—10 restitu-
tions.

he measurements, In conclusion, the standard errors of all b-, c¢- and d-points
s averaged: g-points {vide alsoc [4]1).

4hile 7 shows the distribution of the v-values separately for co-ordinates and
5 &5 of points. The given tolerances had, of course, been observed, chertheless
extreme values, larger than the 6-fold value of the standard error, attract
-ice. Approximately 1.5% of all deviations are above the 3-fold value of the
tandard error. The v-values in the screened area are t¢ be considered as "gross"
ors with an error probability of 0.1%, or, in other words, in the case of 1000
bsérvations only one observation way lie within the screened area if the evrrors
ré distributed normaliy. This probability of 0.001 corresponds to an error limit
‘of  the 3.29-fold of the standard error,

Accuracy of the Co-ordinates Determined Photogrammetrically

Part of the accuracy computations had bto be carried out by the Restitution Cen-
és (vide chapter 3.3%,1), namely the computations of the "inner" accuracy of
heir own phetogrammetric measursmeﬁts. The computation programme further included
the compubation of the absolute accuracy from the differences between the trans-
formed photogrammetric co-ordinates and the eorresponding terrestrial ce-ordinates

~of comparison. In order to separate the irregular photogrammetyic errors from the

systematie part of the errors, the absolute errors are splitted up into a system-
atic part and a relative part (vide [5]). The systematic part corresponds to the
difference between the mean of the photogrammetric co-ordinates of a point and
fhe corresponding terrestrial co-ordinates of comparison (mean value of the maxi-
ﬁally i = 5 terrestrial measurements); the relative part is obtained from the de-
viations of the photogrammetric single measurements of a point from the corre-
sponding mean value {(see fig, 9). Nearly all of these errors include to some ex-
tent the errors of the terrestrial co-ordinates of comparison,

Photos at a large scale furnish more accurate results than photos at a small
gczle. In order to render a better comparison possible, we give the accuracy fig-

cures partly in "em in the terrain" as well as in "pm in the image”., The choice of
“the restitution instrument was left to the Restitution Centres because it was not

intended to investigate the accuracy of different restitution .instruments. We nei-

‘ther considered the ratic between model scale and photo scale. ¥or computational
- reasons we chose as smallest unit 0.1 pm and 0.1 cm respectively. This way it be-

came possible to use the standard errors for further computations and for the
analysis without running the risk that the results are tooc much falsified on ac-
count of the rounding-off errors. For the d- and e~peints we can only calculate
mean transversal deviations w, = my from a straight line. For this reason we also
compiled Tor the other types of points the standard errors i, and my to a co~or-
dinate error m, 50 that all planimetric errors are directly comparable with each
other.

}.2.1 Measuring Accuracy M

From the differences dx’ dy and dZ betweern series 1 and serles ? the standard eor-
rorsa mx, my and m, {standard co-ordinate errors of the mean of two meagurements )

are to be computed - separately for the a-, b- and c-points, viz:

41




am 2.2 Absclute accuracy of the photogrammetric co-ordinates of the b- and
c~points

sy the same reasons as for the terrestrial measurements here, too, the errors of
points are compiled. Again we compute for each point the differences Ax and

qQ = X, ¥, &
- number of the points [differences),

and thus obtaln the standard co-ordinate deviations (planimetry} from:

[ax®] + [ay®]

The Restitubion Centres calculated these standard errors for each restitution Wy oNd My, Tesp. = N s (42.23)
separately. Table 8 gives the results in "em in the terrain", Instead of the P

5 ¢ 3 indicated the standard co-ordinate errors m, . . . ) N

sbandard errors "x and my we have indieate ° . gr the standard height deviations, we have accordingly

Unfortunately some of the Restitution Centres &id not calculate the required er-

rors separately for the different types of points. As far as possible the Pilet (b2 .20

Centre carried cut the additional computations. Since Restitutlon Centre % carried

out comparator measurements, there are no m,, values. We have summarized the re-

sults of table 8. Table 9 gives the average values for each restitution in "cm in

" em 2.5 Absolube accuracy of the photogrammetriec co-ordinates of the d-points

the terrain" as well as in "pm in the image". Per the restitutions 1 - &, Np ap-

Unfortunately, Restltution Centre O

plies only the planimetric co-ordinates - n the same way the terrestrially determined co-ordinates were transformed we

;1s0 Gransformed the photogrammetrically determined co-ordinates of the d-points

did not submit any results.
hto the new orthogonal system degcribed in chapter 4.1 item 1.3. This means that

e do not compare lined with lines but horizontal transversal deviations Ay and

4.2.2 Absolube Accuracy A&
‘ertical deviations Az of the photogrammetrically determined d-points from the

For the comparison of the photogrammetrically determined co-ordinates with the : X i i
. . . . . errestrially determined d-line,
terrestrial co-ordinates, the mean values obtained from the five fterrestrial

measurements were used on principle. In all the following errors of the photogram—._ .rom all the values Ay results the standard transversal deviation mAkd from:
metrically determined co-ordinates a part of the errors of the terrestrial meas-
urements is included. (42.25)

Item 2.1 Absolute accuracy of the photogrammetric co-ordinates of the a-points gain N, = number of all d-points.

P

From the total number of the values Ax and Ay of one station, i.e. from the dif-

. . . . . ) For the standard height deviation m 42 decordingly equation (42.24) applies.
ferences between the photogrammetrically deftermined planimetric co-ordinates A7

(single measurement) and the corresponding terrestrial mean values, the standard

he standard deviations were calculated separately for each restituticon and for

co~ordinate deviation m of a single photogrammetric measurement can be found

Ala each Restitution Centre. Because the Pilot Centre had transformed - contrary to

from; the computing programme - the averapged terrestrial co-ordinates into the photo-
(b2 21) ‘grammetric system, the original denominator E(HP-‘E) +i of equation (42.21) was
' changed accordingly (see also chapter 3.3.1). Table 10 gives the results in "em

Here: in the terrain”. Again we have summarized these resulis. Table 11 contains the

np = number of the a-points of the station

i = 5 = number of the measurements,

‘average values for each restitution in "em In the terrain” as well as in "pm in

he imageu 1)

The standard deviation Por sll stations is to be saleulated accordingly. : .
Because some points were not measured by 211 i = 5 Restitution Centres, in the

For the standard height deviations m,,. We have: compilation of the deviaticns for the b-, c¢- and d-points the value Ny i was
again replaced by the number of the measurements NM‘

1 - B . . - .
) The standard errors in "um in the image" for the d- and e-points given in the

tables 3, 4 and 5 of the report [ %lare co-ordinate errors m, .




4,2.3%3 Relative Accuracy R

To determine the deviations of the co-ordinates of the a-points of repeated res-
titutions, first the transformed planimetric co-crdinates x and y of the 1 = o
photopgrammetric measurements of each point are averaged (vide chapter 3.1 item
2.1). From the deviations Ax' and Ay' of the single values from the corresponding

mean value we then obtain for every single point the standard deviation:

1

2 2

" A Laxt 7] o+ [ay' 7] (42.31)
ak 2(i-1)

Accordingly applies %o the heights:

(#2.32)

If we now combine the [A'A'] of all stations of one restitution, the number of
the redundant observabions still stands in the denominator but instead of 2(i- 1)
it i= now (NM-NP). The computation of the relative accuracy of the b- and c-
points is done in the same manner and according to the same formulae. For the d-
points the horizontal transversal deviations Ay and the vertical deviations Az
from the terrestrially determined d-1ine were used instead of the transformed
photogrammetric co-ordinates x, y and z in the system of the a-points (see chap-
ter 4.2,2 item 2.3). In this case:

To the heights, accordingly equation (42.32) applies.

According to chapter 3.1 item 1.3, the photogrammetric co-ordinates each of the
maximally five e-points at the beginning of each e-line (left) and at the end of
each e~line {right) were averaged. By means of these two centres of gravity the
final photogrammebric e-line 1s determined. A11 e-points measured by the five
Restitution Centreswere for each roof ridge transformed inte a new orthogonal system
which is formed by the final e-line and a plane perpendicular to it in the begin-
ing (left) or in the end (right) centre of gravity. Thus the horizontal devia-

tions v'_ and the vertical deviations v'Z of the single e-points from the e-line

are determined (vide chapter 3.3.1). These deviations v'_and v‘7 are identical

with the values Ay' and Az'! locked feor. To the computation of the standard rela-

tive errors of the e-points apply accordingly the eguations (42,33) and (42.32).

Contrary to the computing programme, the Pilot Centre has not always combined the
stations
In these

five repeated photogrammetric measurements. This is because some of the
are lecated within the overlapping zone of the two strips of one flight.
10 measurements were therefore combined to a mean
value. This held true for the restitutions 1, 3, 2 and " with 28, 41, 5 and 13

stations respectively. Table 12 contains the average values for each restitution

cases the altopether 2 x 5 =

in "em in the terrain" as well as in "um in the image".

hz2.41)

ic measurements and the corresponding terrestrial co-ordinates of comparison
rormed. From this results the mean sguare value for all peints

(h2.42)

8 (4a3.4%)

ne computation of the sysatematic deviations of the photogrammetric co-ordinates

f the b- and c-peints was carried out in the same manner and according to the
same formulae. For the d-points the mean values of the horizontal transversal de-
viations Ay and the vertical deviations Az are identical with the systematic de-

viations Ays and Azs. In this case

[Ayfl
= (42,445

P
To the heights, accordingly egquation (42,43) applies.

As a check, the oripinal computing programme included the computation of the wval-~

ues Ax Ay from the differences Ax and Ay between the photogrammetrically de-

S’
termined planimetric co-ordinates of each single measurement and the correspond-

ing terrestrial mean values (see chapter 4.2.2) because

[ax]
s i

(42.45)

[ay]
#- resp.

and Ays =

Eliminating the constant parts Axs and AY from the values Ax and Ay, we then ob-

tain for the computation of the relative accuracy (vide chapter §.2.3}):

Ax? = Ax - AxX_ and Ay' = Ay - Ay, resp. (2. 46)

To the heights corresponding formulae apply.

This check 1s not applicable to the e-points. The above procedure corresponds, by
the way, approximately Lo the procedure applied to the d- and e-points. For the

d~points the mean values §p and Zp of the photogrammetric co-ordinates are equal
to the systematic deviations AYg and i For the e-points we referred the hori-
to the photo- i

zontal transversal deviations vg and the vertical deviations vé




grammetrically determined straights. This means that Ays = AzS = 0 and thus

fé.wefe some formal changes of the programme that were of no consequence,
Ay = Ay' and Az = Az' respectively.

‘whether the systematic deviations were computed by means of the mean values

the photogrammetric measurements or by means of the co-ordinate differences

For the reasons indicated in chapter 4,1 item 1.2 (e.g. low number of points per:

oAy and AE. Further, the more elegant treatment of the d- and e-points and

station) in this case, too, the errors of all points were immediately combined,
Teble 13 contains the average values for each restitution in "em in the terrainﬁ
as well as in "pm in the image".

the d- and e-lines hy the Pilot Centre aprees in contents with the propesed

smputing programme.

:omparison of Different Standard Errors

From the basic egquation (#2.4#6) it follows that a relation exists between the ab;
solufe accuracy mA, the standard systematic deviations e, and the relative accu- OauCtion

racy mg (see [5)), vis:

He tables in chapter 4 contain already the solution of some problems of the test

for the a-points ggramme . For the analysis we combined the results of the photogrammetric meas-
aments according to different parameters, e.g. for the scale 1:6000 the results
planimetry: 1- .he restitutions 1 and 3, ete. We call these combinafions in short restitubtions
sbe. Apain we caleculated the standard errors up to 0.1 pm and 0.1 em respec-
YéiY- When comparing the standard errors, 1t should be noted that in the funda-
ﬁal test the number of single measurements per strip is about egual but that

number of points per point type differs. It seemed useful to combine the re-

N
heights: 1 - =1 . m2 :(1 - i)mg 4 mé
; hz. 48 : . ) .
* ( ) iIts cbtained for the b-, c-, d- and e-points, i.e. for all non-signalised build-

points together {g-points). For this reason we additionally computed the

and for the b-, e¢- and d-points:

ﬁﬁndard errors for the b-, ¢-, d- and e-points together. In these cases we con—

planimetry and height: sidered the single standard errors for these four point types as not being of

qual weight in order to avoid assigning an overweight, e.g. to the few b-points.
& make the differeni accuracy values for the non-signalised points more distinct,
s referred the four standard errors to the errors of the ¢-points because the
miumber of the c-points is larger than the number of fthe b-points. In individual
‘Zections we deal - in the sequence of the different parameters, viz, point type,
‘photo scale, operator and position of the sun - first with the standard co-ordi-
ate errors my, in pm and then with the standard height errors m, in pm. The gues-

“tion on the significance of the accuracy differences, in particular wWith respect

2 _ 1 2 2
my 7(1 - —)-mR + Tg {hz.b89)

Here NSt = number of the stations.

These formulae hold only for 1 = const. Because of the omissions and rejections

of peints and because of the fact that, in the computation of the standard rela-

tive errors, the results of two strips had in part been cembined, in our case

i £ const. As an approximation, 1 can be replaced by the ratio NM : N
: Ny

“to the absolute accuracy, cannot be answered easily since the number of the de-
-grees of freedom cannot be debermined unambiguously. Based on rough computations
‘we assume that differences in accuracy up to 10% are not significant with a like-
'lihood of 95%. For daily practice, however, such differences can already be of

importance. Therefore the ratio Cigures were rounded off to 5%, i.e. Lo 0,05.

Some computations of the original computing programme were modified or not carrie
out at 211, because the measurements sometimes lacked completeness or because
some measurements had been eliminated (i # 5), viz.:

The computation of standard errors for every single station is missing. In the

rocessi . i . :
P ng of the terrestrial as well as of the photogrammetric measurements, 5.1 Compariscn of the Standard Errors of the Terrestrial Measurements

the resuils of all stations have always been combined. This rendered the search - , .
for possible residual gross errors more difficult. The number of the points per In table 6 we have compiled the standard errors of the terrestrial measurements.

Lt . R i articul "ind:
station, however, often was too small; this applied in particular %o the bpoinbs. n parbicutar, we find

- The standard co-ordinate errors m, of the four point types are in the propor-
tion of 0.7% : 1.70 : 1.00 : 1.25. The standard error of the a-points amounts
to 1.3 cm, the standard error of the b-, c- and d-points amounts, however, to
2.1 cm. According to this the ratic of the standard planimetric error my of the
signalised points (a-points) to the errors of the non-signalised building points
{g-points) is about 1.00 : 1.60.

The computation of so-ealled c'-points, i.e. of intersection points of two eaves
belonging to one roof is missing, because there were hardly any such points,

A comparison of the aceuracy of the measurements of the 1St operator with those

nd
of the 2 operator can only be made for the absolubte accuracy. A direct com-
parison of both photogrammetric measurements was dropped. Anyway, the 2nd oper-

ators, if at all, only restituted ] r poin
part of the models. . ar n prop
. ) - The standard height errors m, of the fou cint types e in the opertion of
he computin rogramme i i ; sati 0.70 O c riking h arg . -
53 £ prog e included two independent computations of the same er- 2700 240 ¢ 1.00 ¢ 1,400 Striking Is the large eryor of the b-points, in

rors as computing check., These checks are missing.



pParticulge com
paved to the smaiy
error of the c- -
polnts,

the a-pecints amounts to i.3 em, that of the l)",

The standard e :
rro ;
ever, to 2,7 em. T of

the morning and afternocon flights fthe standard height errors m, of the a-
ts are equally larpge. The standard height errors of the non-signalised
{-,5 are for the afternoon flights 10% smaller than for the morning flights.

-points amounts,

54
ince the standard errors m
errors,

1ute Accuracy A
, and m, of the a Absolu ¥

ik OF the a- and g

are in the Proportion of

“Polntg ape equally large,
~boints as well as the erpgo
about 1,0 ; 1.5

namely the Srrors m
the a- ang &-points,

le 11 we have compiled the standard absolute errors for the single restitu-
w8 mz oL - . As done in chapter 5.2.1, we now regroup the results according to the 4if-

t variables (table 15}. In particular, we find:

The standard absolute errors m, of the four point types in "pm in the image"
4re for the fundamental test in the proportlion of 0.3C : 1.30 : 1.00 : 0.95,
Tﬁe standard error of the a-pocints my, = 5.5 pm, that of the b-, c¢- and d-points
47.2 um. According to this the ratio of the absolube planimetric error of the

signalised points to that of the non-signalised points is about 1.00 : 3.15,

separately for the
operators (tabie 1u),

"um in

the scale 1:3%500 the standard absolute error m, of the a-points in
image" is 20% larger than for the scale 1:6000. The corresponding errors of

results obtained by bo

we confine Surselves non-signalised points are practically equal.

17 comparing the results
to the fipgt operator group

i.e. the two operator groups, the standard absolute errors oy of the a-points as

In particular, we find:

well as those of the non-signalised points are practically equal.

- The standa .
rd feasuring errop m For the morning and afternoon flights, too, the standard absolube errors m of

" the a-points as well as those of the non-signalised points are practieally

of the three point types in n

are for g
fie fundamental test in the Proporgi
lon of 0,60

ard error of the a-points m
According %0 this the ratio

pm in the image"
= 1.55 1.00, The stand-
and c-points p

k equal.

boints (a-points) 4 th of the standara Planimetric epp ) = 5.2 pm - The standard absolute height errors m, of the four point types are in the pro-
G tha . or o i ; . o .
1.06 ; 1,75 ©oF Bhe non-signaliseq points (g-paint )t?e glgnalised portion of ©0.50 : 0.75 : 1.00 : 1.00. Striking is the small value for the b-
’ - 8) is aboug

points. The standard absolute helght error of the a-points m, = 15.2 um {ap-
proximately 0.07%/oo of the flight height), that of the b-, ¢~ and d-points
@ = 30.7 pm (approximately 0.i5%/co of the Fflight height). According to this
the ratio of the-.absolute height error of the signalised peoints to that of the

=~ For the scale 1:3500 th

. € standardg .
the imagem - . measuring ep
, 28e" is approximat & error My of the a-points ip ®

pm in

non-gignalised points is about 1.00 : 2.00.

- For the scale 1:3500 the standard absolute errors m, of the a-points in "wm in
the image" are 35% larger, those of the non-signalised points 20% larger than

for the scale 1:6000.

1 ©f the a-points are
larger than the correspond-

- For the two operator groups bthe standard absolute helght errors m, of the a-
points are practically equal. The standard absolute height errors m, of the non-
signalised points are for the ond operator group 10% larger than for the 18t

. of the thy :
in the proportiocn of 3.75 : 0.90 ©€ Point types are

e ©1.00, The standard

operator group.

-~ For the merning and afternoon flights, oo, the standard absclute height errors

m, of the a-points are practically equal. The standard height errors m, of the

non-signalised points are for the afterncon flights 15% smaller than for the

- For the . i cut .
8cale 1:3500 the standard heignt erra 100 : 1,30.
T om

tmage" is apoyt 104 morning flights.

Table 10 conbains the standard absolute errors for each single Restitution Centre.

For this reason we slso want to investigate the deviations of these values more

are equally large,

ond closely. However, in doing so we confine ourselves to the a- and d-points since

' - - Of the a-points
slignaliseqd points fop the
operator group.

The standard
err .
ors m, of the non-

2 258 larger than for the 15t

operator group . . .
most of the wmeasurements are available for these Two groups of points, The ratio

between maximum value and minimum value lies normally between V = 1.5 and 3.0




Hm in the image
m im Bild
§30*

page 2.0). An exception is the restitution 8 of Restitution Centre 5 where

if,5. It probably would have been better to reject thiz model as well (see

er 3). In practice, however, one will probably mind less if, for the scale
Q the values of the a-points vary between 2 cm and 4 em as if, for the
ints, these values vary between 6 cm and 16 cm. It attracts attention that,
the scale 1:6000, Restitution Centre 6 has the largest and Restitution Centre
5 he smallest deviations My In order to determine the different accuracies ob-
red by the Restitution Centres, the standard deviations of the four restitu-
ws by one operator, viz. 1, 3, 2 and 4 and 5, 7, 6 and 8 respectively, were,
itﬁ the aid of the scale denominator, first converted inte "pm in the image™ and

a-points itien averaged {welighted quadratic mean). The results are compiled in %able 16.

a-Punkte

the same time we computed the standard deviations mo, and m . respectively ol
Jery single restitution of a Restitution Centre. The standard deviations of the

o—t

pm in the image
um im Bild

*30-

a) planimetric deviations m’

méén values m' thus are only half these values. In fig. 10 These mean values of

o—
©o

I
2 3 4 5 .
5 7 rour restitutions each are also represented in graphic form. For the fundamental

Restitution Contre 3

Auswertestelle test we [find:

‘The standard absolute errors mi of the a-points are at all ten Restitution Cen-

tres practically equal, Their standard deviation amounts to 0.7 pm In the image,

this are approximately 15% of the overall mean. For the d-points the deviation
of my is larger. It amounts to 3.6 um in the image which is about 25% of the
overall mean. Here the extreme value of Hestitution Centre 6 attracts attention

The standard absoclute errors m; of the a-poinkts are also practically egual at
211 ten Restitution Centres. Their standard deviation of 1.5 um in the image,
d-points therefore, is very small. It corresponds to 104 of the overall mean. For the

d-Punkte

d-points as well the deviation of m; is relatively small. It amounts to 4.0 pm

in the image which is about 15% of the overall mean.

7 - For the a-points the standard deviations of the mean values obtained by d i f -
ferent Restitution Centres correspond to the standard deviatlons of the
restitutions performed by the 8 a m e Restitubtion Centre. For the d-points,
however, they are considerably larger. Here the large value 1%,5 pm of i, ob—
tained by Restitution Centre 5 attracts attention. This deviation is caused by

restitution 2 (vide table 16).

a-points
a-Punkte

For the 2nd operator group the condltions are about the same. On this occasion

once more reference is made to the large diviation in the model of restitution 8,
Restitubion Centre 5. Without this model the correspending mean value would amount
to only 44 pm instead of 52 pm and the standard deviation of the single values

would be 20 um instead of 36 pn.

o—

b) height deviations m/,

Figure 10 — Standard absolute deviations n7 and m', in “um in the image", separated

according to Restitution Centres, Mean values from 4 measurements
1,3,2,4and 5,7, 6,8 respectively

2 é J é é % Comparing the results obtained by the two operators of the same Restitution Cen-

o
w—

tre we find that the mean values m& and m; are practically egual for the a-points.

Restitution Centre ———

Auswertestelle For the d-points, the large difference between the two values for m) and m; at

Restitution Centre 5 and the correspondingly large values for m& at Reastitution
Centre 6 attract attention (wvide fig. 10). Such difference may be caused by sys-
tematic errors, but so far the standard absolute deviations of the a-points do

net furnish any reason for such an assumpticn. Without restitution 8, Restitution

Centre 5, the standard values of the differences between the mean values obtained

by operator i and operator 2 amount to approximately 10% of the overall mean for




the a-poin%ts and to approximately 15% of the overall mean for the d-points.

5.2.3 Relative fAccuracy R

In table 12 we have compiled the standard relative errors for the single restitu-
ticna. As done in chapter 5.2.1, we regroup the results according te the different:

variables (table 17)}. In particular, we find:

- For the fundamental test the standard relative errors m, of the different point
" 1.35 1.00 : 1.00 :
0.65%. Striking is the small value for the e-points. The standard error of the
a-points m, = 3.7 pm in the image, that of the b-, ¢-, d- and e-points m,
il.1 gm. According to this, the ratio of the relative planimetric errors of the
signalised points to that of the non-signalised points is approximately 1.00
3.80.

types in "pm in the image" are in the proportion of C.25 :

For the scale 1:3%500 the standard relative errors m, of the a~points in "um in
the image" are 15% larger than for the scale 1:6000, The corresponding errors

of the non-signalised points are equally large for both scales.

For the 2nd operator group the standard relative error m, of the a-points is
15% larger than for the 1St aperator group. The corresponding errors of the non-
signalised points are practically equal,

For the morning and afterncon flights the standard relative errors of the a-
peints as well as those of the non-signalised points are practically equal.

The ratio of the standard relative height errvors m, of the different point types
1.60 : 0.95 @ 1,00,
tive height error of the a-points m, 11.% pr (approximately 0,05 ®foc of the
flight height), that of the b-, ¢-, d- and e-points m, = 28.2 um (approximately
6.13% %/00 of the flight height). According to this, the ratic of the relative

are in the proportion of 0.0 : 0.75 The standard rela-

errors of the signalised poinbs to thet of the non-signalised points is about
1.00 : 2,45,

For the scale 1:3500 the standard relative height errors m, of the a-peints in
"um in the image" are 35% larger, those of the non-signalised points 20% larger
than the corresponding errors for the scale 1:6000.

nd . .
For the 2 operator group the standard relative height errors ", of the a-
points are 10% larger, and those of the non-signalised points 15% larger than
the corresponding errors for the 1St operator group.

For the morning and afterncon flights the standard relative height errors ", of
the a-points are equally large., The standard relative height errors m, of the

non-signalised points are 15% smaller for the afterncon flights than for the
morning flights.

5.2.% Systematic Deviations 3

In table 13 we have compiled the square averages of the systematic deviations for
the single deviaticns. As done in chapter 5.2.1, we regroup the results according
to the aifferent variables (table 18). In particular, we find:

=~ For the Tundamental test the standard systemabic errors m

b of the four point

“types in "wm in the image" are in the proportion of 0.25 : 1.25 :1,00 : 0.85.
The standard deviation of the a-points m_ = 2.9 pm, these of the b-, o~ and 4-
“points, however, m, = 11.2 pm, According to this, the ratic of the systematic
-planimetric deviation of the signalised points teo that of the non-signalised
‘points is 1.00 : 3.83.

“um

" For the scale 1:3500 the standard systemabic ervors my, of the a-points in

“in the image" are 35% larger, those of the non-signalised points 20% larger

than for the scale 1:6000.

For the ond operator group the standard systematic errors oy of the a-points .
. . N 8

are 20% larger, these of the non-signalised points 30% larger than for the 1

cperator group.

For the morning and afterncon flights the standard systematic errors fy of the
a-peints are egually large. The standard systematic ervors of the non-signalised
points are 15% smaller for the afterncon flights than for the morning flights.

For the fundamental test the standard systematic height errors m, of the four
point types are in the proportion of .45 : 0.75 : 1.00 : 1.10. Striking is the
small value for the b-points. The standard deviation of the a-points m, = 8.6 um
and that of the b-, ¢- and d-points m_ = 20,5 pm. Accerding Lo this, the ratio
of the systematic errcrs of the signalised points fo those of the non-signalised

points is about 1.00 : 2,40,

- For the scale 1:3500 the standard systematic height errors m, of the a-points
in "pm in the image" is #0% larger, those of the non-signalised points 304
larger than for the scale 1:6000.

- For the two operator groups the standard systematic heipht errors m, of the a-
points are practically equal. The standard systematic errors m, of the non-sig-
nalised points are 20% larger for the and operator group than for the 15% oper-
ator group.

- For the afterncon flights the standard systematic height errors m, of fthe a-
points are 15% smaller, those of the non-signalised points 20% smaller than for

the morning flights.

In order to determine whether the differences between the absolute errors A and
the ralative errors R are statistically significant, 1.e. whether systematic er-
ors 3 are truly available, we test the variances 87 with Fisher's F-test, namely
for an upper and lower significance level of a = 2.5% (see also chapter 6.4},
Since we do not have the standard relative errors for each Restitution Centre, we
merely compare the standard errors for each restitubtion (see tables 11 and 12y,
Instead of the co-ordinate errors m, we use, of course, the original errors n,

and m_ .,
¥
- 2 2 2
Since my # mp ¥ mg {5h,41)
2 2
then F oAy :omy . {(54.42)



This is already demonstrated by the fact that for the heights = of the b-,

larger than m

¢- and

d-points My is in some cases

e
Generally

2

ryomp o= £y (5h.43)

(see equations 42,87 - 42.49), Consequently
(54.44)

For the a-points, fA is deperdent on the number of the stations NSE‘ in the com-
putation of the standard relative errors, the measuring results obbained from

strips 1 and 2 were combined for
1, 3, 2and i for 28, #1, % and 13

and 8, however, only for 0, 2, O

some stations, namely In the case of restitutions
stations, in the case of restitutions 5, 7, 6
and 1 stations.

TFor this reason we cannot take
Nst from table 3 but in our case the number of stations NSt is for restitutions 1,
3, 2and b : 856, 65, 66 and 68 and for the restitubtions 5, 7, 6 and 8 : 47, 52,
37 and 39. The values N, can be taken from table 12, For the non-signalised points
T, =1 (vide eguation 82.49), fp In all cases only depends on the number of the
measurements 1i. i # const., we replace i by the ratio Hy @ N, (vide chapter
are taken from table 12 as well. The results have been com-
particular, we find for the fundamental test:

Since
h.2.4). The values wy,
piled in table 19. In

~ The variances s- agree in 9 of M4 cases, this are 20%,

- For the a-, e- and d-points the variances do not agree at all, i.e. the differ-

ences between the standard absolute errors and the standard relative errors, and
thus the systematic errors, are significant. It attracts atbention that also
for the a-points systematic deviations can be unambiguously proven.

For the b-points the variances agree in 9 of 12 cases, this are 75%. For these
points the number of measurements is probably ftoo low fo obtain reliable accu-

racy values A and R and thus discover significant differences.

a

bl R .
For the 2 operator group the conditions are similar. But here apgreements also

exist for the heights of the c-points, i.e. the differences between the atandard
abzolute errors and the standard relative erréors are in this case not significant,

6. Analysis of the Standard Errors

6.1 Accuracy of the Different Survey Methods (VA)

In chapter 5 we have compiled the standard errors of the photogrammetric measure-
ments according to different parameters, separated according to error types, viz.

measuring error M, absolute error A, relative errcr R and aystematic error 8. In

order Lo determine the influernce of the different parameters on the accuracy, we

compiled in table 20 part of the errora from chapter 5, The standard errors of the
terrestrial measurements T refer to the single measurements (vide bable 6, columns
4 and 5). These errors are compared with the standard co-crdinate errors m, and
the standard height errors m, of the photogrammetric measurements, separated ac-
cording %o point types (a-, b-, ¢-, d-peints} and phobto seales {restitutions 13
and 24). For the sake of complebeness the results of the 29 operator group (57

§8) are alsc indicated. The standard relative errors for the e-points are
ng since ne corresponding standard errors of the terrestrial measurements
available. Instead we compare the errcrs of the a-points with the errors of

& pon-signalised building points (b-, ¢- and d-points = g-points).

5 we compare the standard errcors of the terrestrial measurements with the dif-

rent errvors of the photogrammetric measurementa. In table 21 we have compiled

1 VA(A) : VA(R) VA(S)

‘the mean obtained from five different terrestrial measurements. The standard er-

”érs of these mean values conseguently are:

{61.02)

({vide table 6, columns 6 and 7). This means that these mean values of the terres-
.frial co-ordinates are, compared to the gtandard absolute errors of the photogram—
metric measurements, practically free of errors, because 1ln this case VA(A) = 3.6,
Bowever, under unfavourable condifions the systematic errors can be about 10% too
large. The VA—values are, of course, larger for the 1:6000 scale than for the

“1:3500 scale. To eliminate the influence of the photo scale, we converted the

standard errors toe the ascale 1:1000 and averaged the VA“values. This way we can

derive the VA~va1ues for any photo scale because

_ L4073 61
VA(mb) = v, (1000) m, ¢ 10 (61.03)
For this conversion. the error data in "pum in the Ilmage" of ftables 15, 17 and 18

can also be used. In particular, we find from table 21 Ffor the fundamental test:

-~ The value VA(loOO) for the standard co-ordinate error m, of the a-points
VA(iOOO) = 0.40, that for the non-signalised points {g-points), VA(iOOO) = 0.80.

The corresponding values VA(iOOO) for the standard height errors H, for the‘a—
points as well as for the non-signalised points (g-points), VA(1000) = 1,15,
Very striking is the small value for the b-points and the large value for the
c-points.

For all peint types together:

VA(A) VA(R) VA(S) = 1.00 : 0,80 : 0,60 (61,04)

With VA(iooO) = 0,10 For the standard absolute errors m, of the a-points all other
VA-Values can thus be computed.

6.2 Accuracy of the Different Types of Points (VP)

In practice it will in most cases be necessary to plumb the roof points because

one may either want to present the eaves on a map produced by field survey, or the
building walls on a map produced by photogrammetry. Table 6 or table 20 indicate
that for the terrestrial wmeasurements, the rool peints (e- and d-points) have



Jarger standard errors than the signalised a-points. The difference can be ex-
plained partially as plumbing error and partially as additional identifiecation
error. The standard errors of the d-points are a little larger than the errors of
the e-points; the reason for this may be that the eaves do not exactly form a

straight and that the d-points were measured at different places at the end of aﬁ
eave. We combine the standard errors of the c- and d-points, deduct the standardf
errors of the a-point and obtain this way a plumbing error
fication error) m1 = 1.5 em. Considering that the standard

of two terrestrial measurements of cone operator group, the

{including an identi-

errors m,_ are the mean

k
accuracy of one plumb

ing amounts to approximately 2.0 em. It attracts attention

that with terrestrial:
measurements the b-points {(building corners) have an additional error m of about

2.0 cm as compared to the roof pointsg. Even more striking is the large height erc

ror of these latter points.

To be able to compare the standard errors of the different point types for the
photogrammetric measurements, we again make use of the tables il, 15, 17 and 18
in chapter 5.2 or of table 2C in chapter 6.1. Since no comparison with the terres.

trial measurements is intended, we immediately use the common errors for both

scales in "um in the image". These tables answer already the question which pla-

nimetric and height accuracy has been reached for the different point types. F0r1
the d- and e-points (eaves and ridges), no measuring accuracy M could be computed
In addition there are no terrestrial comparative measurements for the e-points
and, in eonsequence, no absolute errors (A) and no sysbematic deviations (S). In
particular, we fing:

- The a-points actually only serve the purpose to transforﬁ the photogrammetric
co-ordinates of each station into the system of the terrestrial co-ordinates
and thus allow a comparison of the different measurements. The actual standard
co-ordinate and height errors of the a-points permit, moreover, to test the

aerial phetographs with respect to their quality. Each station comprises an area:
of about 100 m x 100 m in the terrain, i.e, approximately 2 c¢m x 2 cm at the
scale of 1:6000 and about 3 e¢m ¥ 3 cm at the scale of 1:3500., Within so small
an area a number of systematic influences, e.g. caused by refraction or distor-
tion, as well as a part of the instrument errors are constant and therefore are
eliminated by means of 2 transformation. Qur standard errors for the a-points
are - with M = 5.5 pmoand m, = 15 un 20,07 900 of the flight height - very
small as compared with the results obtained in other tests, e.g. [5]. We there-
fore may assume thai the conditions were not particularly unfavourable at the
time of our photogrammetric measurements.

- The number of the b-points is very low. For this reason the standard errors of

these points are uncertain or inaccurate. We therefore dispensed with a compari-

son of the results of different restitutions. Already during the recconnaissance
we had discovered that it is difficult to find in densely bullt-up areas corners

of houses which are visible from the air and a photographic coverage with a

larger overiap would hardly change this. Therefore these points are of no impor-
tance in dally practice although they offer the advantage that they need not be
plumbed.

We now compare the standard errors of the different point types. In table 22 we

: compiled for restitutions 1234 and 5678 the ratios Vp, separated according
“srror types. To the sbandard errors of the c-points, i.e. of the roof corners,
_égain assign the number 1.00 {gee also chapter 5). It attracts notice that -
deast for the error values A, R and 5 - the ratio figures VP for the co-ordi-
te errors m, are pearly equal to fhese for the height errors o, . In particular,
ind for the fundamental test:

The standard co-ordinate errors m, of the different point types are in the pro-
1,30 : 1.00 :0.95 : 0.65.
“mhis means that the standard errors m of the b-points are approximately 30%

:ﬁnrtion of 0.25

targer than those of the c-points.

“The standard errors my, of the c- and d~points are - as had to be expected -
‘practically equal.

:The standard relative errors m of the e-points are about 35% smaller than the
i gorresponding errors of the c¢- and d-points. Since we can hardly assume that
‘the systematic deviations are larger for the roof ridges than for the roof
eaves, alsc the absoclute errcrs of the e-points would probably be correspond- i

ingly smaller than those of the ¢~ or d~-points.

The ratio of the planimetric errors m, of the a-points to those of the non-sig-

e
nalised points {(g-peints} is approximately 1.00 : 3.50.

The standard height errors mw, are of less importance for a building map than
the standard planimetric errors. The standard errors m, of the ¢ifferent point

types are in the proportion of O.U5 : ©.75 : 1,00 : 1.00 : 1,00.

- The standard errors m, of the b-points are - contrary tc the planimetric errors
- about 25% smaller than those of the c-peints. The reason for this should be

relatively simple since the b-points are primarily ground points which are more
or less comparable with the a-points.

- The standard errofs m, of the ¢-, d- and e-peints are practically equal. The
helpghts of the e-points are -~ as had

the heights of the d-points.

to be expected - not more accurate than

- The ratio of the height errors m, of

2.25.

the a-points to those of the nen-signalised
errors is approximately 1.00 :

Considering that the standard co-ordinate errors Lo and height errors m, of the
2.95, the values VP
values, namely m, for the a- and g-points and m, for the a- and g-points, are in
the propertion of 1 : 3.5 : 3,0 : 6.5 or
values when we combine the ratios of the
2 3
measurements from chapter 5,1, namely 1

a-points are in the proportion of 1.00 : for the four error

simply 1: 3 : 3 : 6. We obtain the egual

values VA from chapter 6,%, namely 1 :

of the standard errors of the terrestrial
1.5 : 1 ¢ 2. With VA(1000) = 0.40 all

that, with m, = 1.3 em of the a-points,

3, with the corresponding ratios

other VA—values can be computed and from

all other standard errors,

In this cennection it may be of interest to finé out what influence the transfor~

mation by means of the a-points has on the computed accuracy values of the b-, c-,
d- and the e-points., For the computation of the standard errors of the transforma-

tion parameters we assume that the terrestrial co-crdinates are free of errors,




i.e,

that they have the weight infinite.

the photogrammetrie the terrestrial int e an entire station is located within a square of approximately 100 m x 100 m

‘ssume that the distances of the a-points from their respective centre of grav-

‘pe approximately:

The transformation formuiae pe:

X, cos a - 4
t Yy 8in a + X, o= x

x .
¢ 8in a + Yi €08 a + Yo = (62,01)
‘0 the non-slignalised points are located not Carther than about 50 m from the

entre of pravity of the a-points, i.e.

. ¥, (max) = g, {max) - 50 m
(xt Bin e+ ¥ cos qo) fa + x - t t

ince in our case for the most part n = 4, we obtain as maximum values from equa-
ion (62.08):

Xp - (Xt cos q

o ~ ¥ sin ao)

(x, cos : {(62.02 2 2 1 1, 2 1 2
t %, =~ ¥ 8in @ ) A - i m, (srans} = (trans) = (50 +Eymy, = = m
t a + =
o Yo x my MXSOZ i ka 2 ka
With Tp T g 81 ap 4y cos o) . , .
With the value m = 5.% pum in the lmage (see table 15) the maximum values for
X i - ; P
t Sinoa  + ¥, oos a = §, . (trans) consequently are
X . -
t CO8 ay - ¥y sin T, T X (62.03) for the scale 1:6000: m, (trans) = 2.3 em
res R
uls, from equations (62.02), for the scale 1:3500: m (trans) = 1.4 cm
BRECE N =X, - it { Theoretically the standard errors for the b-, c¢-, d- and e-points should be cor-
X Aa + ¥, = ¥, - §t (62.04) ‘rected correspondingly. But the influence amounts to only 1 to 2 wm. This differ-
i - ence has no significance for the practice.
The normgl equation matrix A then reads
2 ) To the heiphts applies, in principle, the same., However, the heights have only
z (Xt + Yt) = Eﬁt + zit been displaced in parallel direction. It is true that the standard height error
A = _ Eit n o of the signalised points m,. amounts to 15 pum. However, alsc the standard errors
+ 53 (62.05) of the non-signalised points are proportionally larger than the planimetric er-
LX 0 )
& n

rors, so that also here a correction would be withoubt significance.

Here n is the number of the a-
al co-ordinates X

points for the transformation

R Using the ¢ $
which are veferped to the centre or : crmestris

gravity, then

¢ end gy, 6.3 Accuracy of the Different Photo Scales V)

To be able to determine the standard errors [or the different photo scales we

again make use of tables 14, 1%, 17 and 1B of chapter 5.2 or of table 20 in chap-

(62.06)

This way the inverse of the normaL ter 6.1. These tables answer already the guestion as to which planimetric and
rma i .
equation matrix becomes height accuracy can be reached for the two photo scales, We dispense with indicat-

1 ing the single values once more but combine in table 2% for the restitutions 13
E_TEE“:‘§E; o o and 24 as well as 57 and 68 the ratios V,, separately for the error types. To the
A'l = o 1 standard errors for the scale 1:6000 we assign the value 1.00. Thus we find, e.g.,
n o for the measuring accuracy M of the a-points FProm table 14 the ratioc 1 : VM(M} =
0 o} % reatitution 13 : restistublion 24 = 3,3 pm : 2.8 pm = 1 : D.85.

For the co-ordinate errors m, as well as for the heighft errors m_ the ratio fig-

The influence of' the sransformatio on the non- I & sed
n ) n h 3ignaii

Points ig

2 ] . I .
mx {trans) = 52 mz . mz ures VM for the error values A, R and 3 are again almost cqual, In particular, we
) t “Aa xo find for the fundamental test:
m t = 32 2
il - The standard measuring errors m, of the a-points 1n "pm in e lmage” are about
v ( rans) = Xt mﬂu + ;0 (62.08) Th tandard ing 5 poi . n : th . ge bout

15% smaller for the pheto scale 1:3500 than for the photo scale 1:6000. With an

error of only 3 um the difference is insignificant. The corresponding errors Ty,




pointa) are equally large for both scales. though the number of operators and the number of wmeasurements are different for

Jres fA R and §) the standard co-ordinate errors m, of : 5tk operator groups, it cannot be seen why the standard errcrs of both groups
v the 1:3500 scale about 20% larger, those of the non- signal= - siould not be equal. Even if we separate the measurements accerding to photo

out 10% larger than for the 1:6000 scale, - ales we find that for She 2nd operator group the standard errors are in both

st

ucages approximately 15% larger than for the 1 operator group, While drawing this

he scale 1: 3500 the standard measuring errors m, of the a-points in "um

inithe image" as well as those of the non- signalised points are about 10% smal~ nd
Ter than for the scale 1: 6000. csition to make two operators available, but that for the 2 operator group only

¢mparison it should be noted that not all of the Restitution Centres were in the

: ﬁe measurements of seven restitutions were available and that these only com-
For the other errcr types (A4, R and S) the standard height errors m, of the a-

points are for the scale 1:3500 approximately 35% larger, those of the non-
nalised points,

ised part of the measurements taken by the first operators. Other "parameters”

sig weh as restitution instrument, film diapositives, outward circumstances, can,
however, about 20% larger than for the scale 1:6000. owever, be assumed to be equal. In order te avoid any inhomogenity we select Ffor

: i int i d by both operators. Initial val-
Apart from the measuring errors we thus obtain for the other error types at a & comparison only those points which were measured by P

: i i Ax, A Az between the terrestrialiy determined co-or-
small scale (1:6000) smaller errors than at a large scale (1:3500). This tendency ues are the differences Ax, Ay and 4z d
is stronger for the height errors m, than for the co-ordinate errors m

) The pro-
ortions are
o » ©f course, inverse When we calculate with errors in "em in the bep-

rain’. compubte for all points each of a point group the standard value

‘dinates and the photogrammetrically determined co-ordinates of identical points
of measurements 1 and 5, 2 and 6, 3 and 7 and % and 8. PFrom these differences we

- fag,] .-
6.4 Accuracy Obtaineqd by Different Observers (V } i NP Em T s e
As mentioned before, every Restitution Centre should - if at all posgible - make and the variances
two operators avallabla. The 15t operators carried ocut the fundamental restitu~ 2 [(Aqi " Aai)zl
tions (1 %o 4); the p™ operators repeated part of the measurements (restitutions . : 17 N, - 1“ oo
5 to 8). In order to find out whether the aceuracy reached by the two operator ’
groups varied, we go back to restitubions 1234 and 1467 of tables 1, 15, 47 and Prom this we then obtain
18. In table 2% we have complled the ratics V of the respective standard errors. . AG, - AQ
To the standard errors of the 1° - AQ2

operator group we assign the value 1,0C. This : t 5 — (64.03)
e.g. for the measuring errors M of the a-points from table 14 the
ratio 1 : VB = operator group 1 : operator group 2 = 3.0 pm : 3.5 pm = 1 : 1,17.

way we f£ind,

In particular, we find:

z
" E
For the 2 operator group the standard measuring errors m, of the a-points in F = —% resp. (6h.0u)
n ¥ .
umoin the image® are about 15% larger, those of the non-signalised points (g- E

points) about 20% larger than for the 15° operator group.

P th . In order to find out whether the differences are statistically significant or not,
or the obher types (A, R and 8) the standard co-ordinate errors m

: " of the a-
peints and those of the non-signalised points are for the o9 operator group

operator group. Worth noticing are perhaps the
larger systematic errors and the somewhat smaller relative errors of the 2nd

operator gp .
Czlly equ§10Up for the g-points. The absolute errors are nevertheless practi- the variances s° (F-test) the values 5 = m are combined in table 26 (see also

table 10). Table 27 containg the compilation of the results, separately for point

i.e., whether the results are really different or agree, we tested the standard
10% larger than for the 1st values Ag with Student's t-test and the variances 32 with Fisher's F-test, namely
for an upper and lower significance level of a = 2.5%. The single results for the

mean values of the Ag (t-test) are cempiled in table 25 and for the comparison of

For the measuring accuracy M the standard height errors m

of the a-points in types and photo scales, whereas in table 28 the results are separated according
"em in the image" are for both operator

groups equal but as far as the standard to Restitution Centres. For the a~points the t-test is wissing because, on account

height errors m, of the non-signalised points are concerned, they are for the of the transformation with these points, Aal - Aaz s 0 ab all Times. Due to the
second group sbout 25% larger than for the fipst group.

low number of measurements in both cases the b-points were omitted as well., From
tabkles 25 and 27 we find for the t-test:

For the other erreor types (A, R and 8) the standard height errors m,

nd of the a-
points of the 2"

operator group are only about 5% larger, those of the non- i ~ The mean values AQ agree statistically in about 75% of the cases, i.e. for the
signalised points about 15% larger than for the i° st operator group. : c-points in 80% and for the d-points in 65% of the cases. This does not preclude

systematic errors though because in many cases the value Ag deviates cousiderably

61




from the ekﬁéct

SoALgN Furthermore the differences between two correspondin

géﬁéfal smaller than the Ag-values themselves, However, the

ﬁq values a

¢ parﬁs ‘differ from one Restitution Centre to the other.

_;”Tﬁg.meah Valhes AX and A agree in 80% of the cases, the values AZ in 65% of

- iVEhe cdses.

‘From tables 26 and 27 we find for the F-test:

North

- The variances 52 agree in about 65% of the cases, i.e. for the a-points in abog Notrd

75%, for the c-points in 70% and for the d-points in 50% of the cases.

~ The variances 82 Tor x and y agree in 70% and for z in 65% of the cases.

xl

Combining the results of both tests (see table 28) we find for the Restitution
Centres O, 4, 9 an agreement of 85%, for the Restitubion Centres 6, 7 and 8 an
agreement of 65% but for Restitution Centre5 only an apreement of 45%. Considering
that for the c¢- and d-points the results of both tests are available we also men;'
tion that these results agree for the c-points only in 60%, for the d- points in -
50%, for the x-, y-values in 60% and for the z-valwmes in 50% of the cases.

Oy

oy

6.5 Accuracy at Dilferent Sun Positions (VS)

Within the scope of this test the influence of an azimuthal change of the illumi-

yl

nation direction is to be determined. For this purpose Tor cach phobto scale two

Tlights were performed at different times of the day, namely one in the morning
and one in the afternoon.

«F %

Y

We again go back to tables 14, 15, 1% and 18 of chapter 5. In table 29 we compiled
for restifutions 12 and 34 and 56 and 78 respectively the ratios VS of the respee-
tive standard errors. To the standard errvors for the flight in the morning we as-

sign the value 1.00. We thus find, e.g. for the measurring accuracy M of the a-
points from table 14 the ratio 1 : Vg = restitution 12 : restitution 34 = 2.9 um :
3.1 pm = 1.0 : 1,07,

Position of the Sun Position of the Sun
in the Afterncon in the Merning

Sonnenstand Sonnenstand
MNachmittag Vormittag

In particular, we find for the fundamental test:

- For both flights the standard measuring errors m, of the a-points in "um in the

image" as well as those of the non-signalised points (g-points) are equal.

For the other error types (A, R and 8) the standard errors m of the a-pointsa

are also equally large. ¥or the afterncon filiphts, however, the standard errors

Figure 11 — The definition of the azimuth of a roof eave

of the non-signalised points {(g-points) are approximately 10% smaller than for

the morning fliphts. Larger differences are found in particular for the system-
atic deviations.

For both flights the standard height errors m, of the a-points in "pm in the
image" are practically equal,. However, the standard heipht errors m, of the non-

signalised points {g-points) are for the afterncon flights about 10% smaller
than for-the morning flights.

For the other error types (4, R and 3) the standard height errors m, cf the a-
points are for the afternoon flights approximately 10% smaller, Lhose of the

non-signalised points {g- points), however, about 15% smaller than for the morn-
ing rlipghts,
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Figure 12 continued
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e

sine curve according to equation

- sginfa + uo) {65,01)

s—ao+ai

a, ia & constant personal measuring errcr of the cperator.

ay is the amplitude of the influence which depends on the azimuth of the roof

eave and o, is a phase shift connected with the azimuth of the sun at the time of
the aerial photography. In table 30 we have compiled the results of the individual
adjustments. This systematic part s of the horizontal deviation s of the d-points
is represented in fig. 12 as functicen of the azimuth of the roofl eaves - referred
to the north directicn. Fig. 13 shows the systematic parts s but this time re-

ferred to the azimuth of the sun.

of s according to equation

We also compute the quadratic average 54

(65.02)
{see table 30).
A1l the values a, are positive. This must not be 1like this because:

a

4 sin{a + uo) = - ay sinfa + a, + 2008) (65.03)

The function thus is preserved when o, is enlarged or reduced by 200% and when,

at the same time, fthe sign of ay is changed. As far as the values a, for the
flights in the morning or in the afterncon seemed to agree, we formed a mean value
each and changed all doubtful values L in suech a manner that they do not deviate
more than 1008 from the provisional mean. This constitutes a certain arbitrar-
iness which cannct be eliminated so easily. The values of restitution 2, Restitu-
tion Centres 2 and 6, and of restitution 7, Restitution Centres 4 and 7, are par~
ficularly contentious. Table 31 contains the average values 50, a4, B, and EO for
each restitution, As far as the values @, were changed by 2008 and by this the
sign of ay, this has been indicated in the next to the last coclumn of table 30.
With a shift of h00% the sign of a, is, of course, not changed. In order to elimi-
nate the influence of the photo scale we convert the values 50, 51 and 5, in "um
in the image". From the deviations as compared with the respective average value
g Maqs Mgg and oo of the
and « . In particular, we find for the fundamental test:

we additionally calculate the standard deviations m

values ans &qs B,

~ The average values 50 are very small; calculated from the absolute values, they
amount to about 1.5 um in the photograph. The deviation LI of the single values
a, is relatively large, amounting to approximately 8 pm. This represents the

personal ervor of an operator.

~ The average values 51 are larger than.the values 50. They amount to approximate- 3
ly aq = 5 pm in the photograph, This additional error corresponds to the "maxi-
mum" influence caused by the azimuth of the roof eaves. The deviation m, g of the .

single values a, is also relabively large, amounting to about 5.5 pm in the im-

age.

The average values 50 are about 8.5 pm in the image. The deviation m, of the

gingle values B, amounts to approximately 4.5 pm.
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- The average values for a, amount to « v = 728 for the morning £ jés.of @i f ferent Restitution Centres amounts,
3

= 3588 for the afternocn flights, The deviation m of the
a0

o
o,N
is, of course, very large, amounting to approximately moo = 4By

spaip the conditions are similar. Here, too, atbtention is

As computing test serves, by the way, the equation: iarpge erroprs for the models of Restitublon Centre 6. This

-2 2 ‘to 8 _ while for a, the differences point at a certain
-2 n-1 2 _ =2 &y n-1 2 + mal) : o i s e 7 . . .
e + AE# mso = aG + 7; + _E_ o —E_ raliles . The similarity of the standard systematic deviations

i sfandard absolute deviations in fig, 10 is ummistakable,
2
-
operator group m, = 9.5 pm, For:g

The right and left side of this equation (65.04)} correspond to m
From table 30 we find for the 15%

ean values aé, ai and sé of different Restitu-

tle smaller than the corresponding deviations of the single
v tabhle 31. The differences are caused by the deviaticns of
He mame operator (vide table 323).

n the same way how the values 8 84 and R obtained from
noon flights agree for the single Restitution Centres, we

'hé‘differenaes da_, da; and ds  for these two flights, i.e.
e values a, aq and . of the restitutions 1 and 3, 2 and &4,

'rom this we also derive the deviaticna m Mg and M, of

ao?
sD, The results are combined in table 33, again converted

In particular, we find for the fundamental test:

'dab amount fto approximately 2 um in the photograph. From the
nd that the standard deviation of a value a, ig Moy = 3 am,

da,, calculated from the absolute values, amount to about
ograph. From the differences da, we find that the standard de-
ay is m 4 = 5 um.

ments are only half the amount.

In fig. 18 these mean values are represented in graphic form. In pa

find for the fundamental test: SD, caleulated from the absolute values, alsc amount to

-~ The average of the values aé, calculated from the absolute values
approximately 6.0 um in the image. The deviation m of the singl

relatively small, amounting toc about 3.0 um. This is again the pers

ergspond to the wvalues Togs Tgq and m_ . (same Restitution Cen-

- - E 4 T + - . . y
of an operator. The deviation of the mean an chtained from the fo 6r) in table 32. They are, however, considerably smaller than

the s am e Restitution Centre fhus amounts to 1.5 pum. Compared
deviation obtained from the ten mean values of d i f ferent

Centres is considerably larger, it amounts te about 8 pm, This is

systematic errors on the part of the single operators.

The average of the values a{, caleulated from the absoclute values

approximately 5.% pm in the photograph. The deviation m 4 of the:

a, amounts to 5 pm, The deviation of the mean a'l obtained f{rom th

of the s a m e Restitution Centre thus is 2.5 pm. The deviation:@

mean values of di £ £ erent Restitution Centres amounts tbz

Here the difference is considerably smaller. As is known, the sign

values is sometimes uncertain on account of the assignment of a.

For the values s'o the proportion of maximum value to the minimum
The large value reached by the Restitution Centre 6 is very striking

. . reale g if
chapter 5.2.2}. On the average s/ = 8.5 pm in the image. The deviat aleulate from the differences of the mean values al, al and

i & s
the single values s_ amounts to 3 um. The deviation of the mean B3] wo operators of the same Restitution Centre the standard de-

the four values of the 5 a m e Restitution Centre thus is 1.5 pm




these deviaticns are larger than the corresponding values for the same operators
of a Restitution Centre, they are nevertheless considerably smaller than the cor-
responding deviations of the values aé, a} and s! reached a% different Restitu-
tion Centres. This means that the suspicion as to "constant™ errors on the part

of the two cperators of a Restitution Centre is well-founded,

Tn order to prove bthis fact with additional figures we alsc calculate the differ-
ences dao, dal and dso for the two operators of the same Restitution Centre, i.e.
the differences of the single values a,s 84 and 84 of the restitutions 1 and 5,

3 and T, ete, from table 30. From this we agaln derive the deviations M s Mg
and m_ of the values a,, a, and 5. The results are contained in table 33, apgain

converted inte "pm in the image". In particular, we find:

- The average values aao amount to abouf 3 pm in the image. From the differences
dao we find that the standard deviation of the single values a, isg B 7 5.0 upm,
This deviation is again a little larger than the corresponding value for the
game operator of a Restifution Centre. But it is also considerably smaller than
;;;"carresponding deviation of the values a, obtained at different Restitution

Centres.

- The average values aai, caleulated from the absolute values, amount to approxi-
mately 4.0 pm in the image. From the differences da, we find that the standard
dgeviation of the values a; is m 4 = 6.5 pm. This deviation is larger than the
corresponding deviation of the values aq reached at different Restitublon Cen-

trea.

- The average values Eso, calculated from the absclubte values, amount to aboutb
1,5 um in the image. From the differences dso we find that the deviation of the

values Sq is m.. = 3.5 um, Here applies the same as to 2.

(&)

: : . o n
The results of a  and s, confirm in this case, too, the suspiecion as te "econstant

errors on the part of the two operators of a Restitution Centre.

From equation (65.01) results that the influence of the azimuth disappears when

- + g
a = o, o 200

With the values for o, from table 31 results:

- for the morning flights: Gy = 128% ana 131g respectively
- for the afternoon flipghts: CI 2468 and 283% respectively.
®rom the geographic data, the time and under consideration of the convergence of

meridian results, however:

- for the morning flights: a,, = 1338

- Tor the afterncon flights: N 2525.

Considering that the amplitudes ay amount to only 6.5 upm, that the values a, in
table 30 were only determined with a standard error of approximately * MBg and
that in some cases the phase shift of 2008 was prcobably used erronecusly or par-
tially forgotten, then we may look upon the agreement of the values dy and oy 88

being truly sufficient.

7. Result
7.1 Result of the Analysis

In table 34 we have compiled some of the errors discussed in chapters 4 and 5 to
allow a better review. We first distingulish following variables:

- Burvey procedure. For the photogrammetric measurements we distinguish the meas-
uring accuracy M, the absoclute accuracy A, the relative accuracy R and the sys-
tematic deviations 2.

- Co-ordinate errors m, and heipght errors m,, 1.e. for the terrestrial measure-
ments in "em in the terrain", for the photogrammetric measurements in "um in the
image",

- Type cf point,

We alsoc indicate the number of the measurements NM and the number of points NP'
The next %o the last column contains the reference to the tables from which the
figures have bheen taken. The last column contains the ratic of the standard errors
of the non-signalised points (g-peints) as compared to those of the signalised
points (a-points). Table 34 answers the question about the accuracy reached For

the two survey proceduresg and for the different point types. We additionélly men-
tion:

- The =standard absolute co-ordinate errors m, are practically eqgual for all ten
Restitution Centres. For the a-points the standard deviation amcunts to hardly
1 pm and for the d-points to 4 um,

- The standard absolute height errors m, are also practically equal for all ten
Restitution Centres. For the a-points the standard deviation amounts %o only
1.5 pm and for the d-points to 4 pm.

~ For the a-, c- and d-points the differences between the absclute errors and the
relative errors and thus the systematic errors are in all cases significant. It
is striking that alsc for the a-points such systematic deviations were unambig-
uously proven.

- For the bh-peoints the varlances agree in 75% of the cases, This is the effect of
the low number of measurements,

We now calculate the influence of the survey procedure and the point type.

- Accuracy of the different survey procedures (VA)
We compare the standard errors of the terrestrial measurements with the differ-
ent standard errors of the photogrammetric measurements. From table 34 we take

the corresponding ratios V,. Bere

T:A:R:S8 =141 VA(A} : VA(R) : VA(S)

The ratios V, are, of course, dependent on the photo scale. The value VA(A) for
the standard co-ordinate errors e of the a-points amocunts to 0.4 . 1073 m, and
for the g-points 0.8 . 1073 . The corresponding values for the standard height
errors m, amount toc 1,15 - 10”3 m,, for the a-points as well as for the g-points.
Because of the large differences in the accuracy of the terrestrial measuremenis

the ratios VA for the b- and c-points differ considerably from the average valua



For &all points taken together

Valh) ¢+ V,(R) ¢ V,(8) = 1.0 0.8 : 0.6,

Accuracy of the different points types (VP)

As unit wvalue we choose the standard evrror of the c-points. With respect to the

terrestrial measurements, the standard errors m of the four point types are in
the preportion of Q.75 1.70 1.00 )
2,80 : 1.00 1.40. Compiling the results of the non-sig-

nalised points we find that the standard errors . and m, of the g-points are

in the

1.25% and the standard errors m,

proportion of 0.70

about 1.5 and 2.0 times as large as the corresponding errors of the a-points.

Striking are the large errors for the b-points. But since the number of these

points ia very low the influence on the average value for the g-points is also

very low.

For the error wvalues A, R and 35 the ratios VP for m, as well as for m, are near-

1y equal. The co-ordinate errors m, of the different point types are in the

i.30 1.00 : 0.95 : 0.60 and the standard height errors
in the proportion of 0.45 0.75 4.00 1.00 1.00. The standard errors :
of the b-points thus are about 30% larger, thase of the e-points {only rela-:

proportion of 0.25

Mg

m.

e
tive errors) about 35% smaller than the corresponding errors of the ¢- and d-

points, On the other side, the standard errors m, of the b-points are 25% smal-

ler than those for the ¢- and d-peointe. As to the rest the standard errors m,

and m, of the g-points are about 3.5 and 2.3 times larger than the correspond-

ing errors of the a-points, The influence of the transformation by means of the:

a~points on the accuracy of the g-points is without significance.

I order to calculate the influence of the other variables, namely photo scale,

operater and position of the sun, on the aceuracy we additionally compiled in
table 35 the different ratics VM’ VB
arated according to parameters. In general the ratio figures for the error values

and VS of the standard absolute errors, sep-

A, R and 5 are nearly equal. The following results were obtained from our measure-

the 2nd

well as the number of the measurements differ for bhoth groups. The differences

operator group. We alsc point out that the number of the cperators as

between the standard errors of the Lwo operator groups were at three Restitu-
tion Centres in 85% of the cases not significant, at ancther three Restitution
Centres in 65% and at one Restitution Centre in 45% of the cases.

Accuracy reached at different positions of the sun (VS)

To the standard errors for the flights in the morning we assigned the value
1.00 each. The standard errors are a liftle smaller for the afterncon flights
than for the wmorning filights though but sinee the roof eaves lie under giffer-—
ent azimuths 1t is not to be seen why the standard errors should be dependent
¢n the azimuth of the sun. This does not preclude that there is for every single
eave, depending on the position of the sun, ancther systematie displacement s,
namely according to the equation:

a

o taq sinla + mo)

For each Restitution Centre we ealculated from the four restitutions each car—

ried out by the same operabtor the mean values é, ai and sé as well as the devi-
ations Mogs Mgy and m . of each single restitution of a Restitution Centre.

is the quadratic averape of all s-values. The average of the values aé

5 » cali-
cilated from the absolute values, amounts to approximately 6.0 um in the photo-
graph. The deviation LU of the single values a, amounts to 3,0 um. The average
of the wvalues ai, calculated from the absolute wvalues, amounts to 5.5 pm in the
image, The deviation my, of the single values a, is 5 um., The average of the
values sé amounts to 8.5 pum, The deviation of the ten values each atbained at
the different Restitution Centres amounts, however, to 8 um for the a,-values,
fo 3.5 am for the ai—values and to 4 um for the sohvalues. These wvalues are in
part essentially larger than those cobtained from the four values of the same
Restitution Centre. This is a sign for a “personal" error of the single cpera-

tors.

. The influence of the azimuth « on s disappears when o = - a tn . 2008, Although
ments:
the amplitudes a, only amount to about 6 pm and the standard deviation of a
- Accuracy for different photo scales (Vy) amounts to * 458 the azimuths o derived from the mean values a, g oand ag o of
To the standard errors for the photo scale 1:6000 we assigned the value 1.00 3 3

each. For the photo scale 1:3500 the standard errors m, of the a-points are

K
about 20% and the standard errors m, about 35% larger than for the scale 1: 6000,

while the standard errors of the g-points are by 5% and 20% larger than for the .

1:6000 seale, The tendency thus is that the errors at a smaller scale are sgmal- '

ler. This is demonstrated best in the case of the a-points on the one side and

in the case of the height errors on the other side. The ratios are, of course,

reversed when errors in "em in the terrain' are computed.

Acecuracy reached by different operators (VB)
To the standard errors of the 15 operator group we assigned the value 1,00 each

For the 2nd operator group the standard co-ordinate errors m, and the standard

K
height errors m_ for the a-points as well as for the g-~points are somewhat
st

2}

larger than for the 1 operator group, but it is not to be seen why the errors

should differ in size. In this connection we refer to the large systematic de-

viations and the somewhat smaller relative errors of the g-points on the part of:

the morning and afternocon flights agree nevertheless satisfactorily with the re-
spective asimuth of the sun.

In the fellowing we like to furnish some ideas on further investigations which
are in part consequences of the error analysis. Some problems have been excluded
from the test from the very beginning though, in order to avoid oo large an ex-
tension of the programme,

1) The absolute errors, Lhe relative errors znd the systematic deviations are

strongly correlated (see also [5]). It still should be investigated what in-
fiuence this correlation has on the error analysis, in particular az far as
the different types of points are concerned.

The differences between the absolute and relative errors are not very large
and therefore of minor signitficance for the practice. Nevertheless we were in
a position to significantly prove systematic deviations. In the case of the

signaiised a-points this can be inaccuracies of the teorrestrial co-ordinates.




As far as the eaves are concerned (d-points), the position of the sun plays a
role. It is still unclear, however, to what extent different grey values at
the eaves and to what extent perscnal pointing errors of the operators are the

reason for the systematic errors.

Our investigabions on the systematic errors refer primarily to the co-ordinate
errors m.. But the Commission also discussed persongl errors in the height

pointing. Tn order to determine the varying accuracy at the various Restitu-
tion Centres, we comverted the standard absolute deviations of the four resti
tutions 1, 3, 2 and 4 as well as 5, 7, 6 and 8 carried out by one operator into

"ym in the image" and subseguently took the mean. Similarly we calculated,

from the four photogrammetric height measurements of one operator as compared

to the terrestrial mean value, the mean relative accuracy and the average of
the systematic deviations, These investigations are still underway.

4) It is the analysis of the height pointing errors that would be particularly
desirable sinece in the special case of building measurements, apart from the
operator the type of the restitution instrument probably also plays a decisive
role (comparators). The experiences gathered so far do not yet suffice fto form

an opinion.

5) It is imaginable that the location of the stations within the photogrammetric
models influences the accuracy. For this reason the differences between the
photogrammetric measurements and the terrestrial mean values were not merely
compiled separately for Restibtution Centres, restitutions and point types but
also for groups of stations, namely the stations 11, 21, 31 ... 91 a8 well as
12, 22, 32 ... 92, ete. These investigations are still underway as well.

6) Whether the degree of accuracy reached suffices or not, must be decided from
case to case. With respect to co-ordinate measurements it should be noted that
the phobo scale cannct be increased at will and that a certain error in identi-
fication may net go below a set limit. As far as graphic representations are
concerned though, the map scale is of prime importance. For daily practice,
however, any loss of points is at least as important as is the accuracy of the .
measurements since the econcmy of a photogrammetric procedure depends to a
large degree on the extent of the terrestrial supplementary measurements. Tt
is, for instance, striking that in particular building corners could hardly be

surveyed photogrammetrieally. How can the losses of points be reduced?

7.2 Comparisen with Some Other Tests

In conclusion we compare our results with the resulba of some other tests as far
a5 the results can be brought on a fairly comparable basis (see table 36). We con=
fine ocurselves %o normal-angle photographs. Although the test of Dordrecht deals
primarily with the measuring of building corners, roof corners and roof eaves,
i.e. non-sipgnalised points, we also include in the comparison the results obtainecd

for signalised points in order to prove the reliability of our measurements.

The Oberriet photo material (primarily phobographs on plates) was used for con-
trolled tests by the Inbernational Society for Photogrammetry as well as by the
OEEPE {see [7] and [8]. Contrary toc Oberrief, a hilly, partially meuntainuous area

was chosen for the test field of Reichenbach (see [51). The test of Vienna can in

part be considered an extension of the previous tests of Commission C towards larg-
er photo scales, The moedels were restituted in analogue instruments as well as in
stereocomparators., Apart froem a camera RC 5a, 21/18 a camera RC 10, 30/23 was also
used. As Far as the results have already been published or are available they are
included in this comparison (see [9] and [10]). In the test of Dordrecht the
building points were measured in small partial areas, so-called stations, and
their position with respect to signalised points was debtermined. For this reason
the absolute error A is considerably smaller than in other tests, The absolute
errors must more or less be taken as components of the relative error R.

There is only little information on the accuracy of non-signalised points. The
literature published on photogrammetric building measurements was evaluated in

an Invited Paper presented at the I8P Congress in Otbawa {see [1]). Here we do
not concern ourselves in detail with these contributions but content ourselves
with an average value for the accuracy {mean of 1B different investigations).
Among them may also be some results for wide-angle photographs but that does not
matter since in nearly all reports data on height errors are missing. In the mean-
time, the results of the "measurements at non-signalised points in the test area
of Oberriet” have been published (see [11]}., According to their recognizability,
the points were divided intc two groups, namely group B: building objects (roof
gable, building and roof corners, manholes, transmission poles, and the like) and
group P: corners of parcels. In each group distinctions were drawn between large
photo secales (1:H700 - 1:6000) and smaller photo scales (1:8600 - 1:10.000). The
results indicated in table 36 refer to the well identifiable B points (building
objects). Tn the test of Vienna nine types of typical municipal detail points were
distinguished. We confine ourselves to the building corners, house joints and
front doors (groups 1 - 3). It would suggest itself to also include in the com-
parison the results obtained from the measurements of curbstone straights and
curbstone curved portions {groups 4 and 5) but the standard deviations y cannob
be compared direetly with the co-ordinate errors. They would have to be combined
first with the appertaining angular errors m,. Therefore we dispense with these
data. For the non-signalised points the absolute errors A are - for the same rea-
sen as for the sipnalised points - essentially smaller than in the other tests.
Further comparisons can only be made upon the publication of all results of the
Vienna test.
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corrections or deviations as compared to mean values

co-ordinates x, ¥, 2

azimuth

vertical angles of the d-lines

co-ordinate dirferences

absolute accuracy

measuring accuracy

relative accuracy

systematic deviations

terrestrial measurement

total number of points, measurements ete.

ratie figures of standard errors

for a~, b-, or c-points

for d- and e-points or lines

co-ordinates x, y

determined photogrammetrically

co-ordinates x, y, 2z

constant (systematie) parts

determined terrestrially

heights

measurements

points

stations

points: - variable:

signalised points survey procedure

house corners

operator

roof corners (measured directly)

photo scale

pointa of a roof eave
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oy oEd e

points of a roof ridge position of the sun

building polints (b-, ¢-, d-

and e-points)
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Summary

On the Accuracy of Photogrammetric Measurements of Buildings (Report on the
results of the test Dordrecht carried out by Commission C of the OEEPE}

1. Structure of the Test

The test deals with the accuracy with which elements of buildings, such as cor-

ners, roof eaves ete., can be determined with respect to the position of nearby

signalised points. It does not deal with the absclute accuracy with which build-

ings can be determined photogrammetrically in the model. The test also discloses
with what degree of accuracy the necessary terrestrial supplementary measurements
As tesl field served part of the town of Dordrecht in the Neth—:
.
related points - so-called
the test field was divided

were carried oug,

erlands (see Tlig. Over the entire area, evenly distributed, groups of inter-

stations — were selected and surveyed. For this purposé
into § x 9 subregions of approximately 100 m x 100 m -
and in each of these areas one "station" was chosen (see fig. 2). We distinguish

Five types of points, namely:

a-points: signalised peints {on the ground)

b-points: building corners

c-poeints: roof corners

d-points: points at roof eaves

e~points: points on roof ridges (to he measured only photogrammetrically).

The a-points serve as link between the photogrammetric and the bterrestrial meas-
urements. Lach station has about four or five of such signalised points (see
fig. 3.

As is general practice when photographs are taken Ffrom city areas, the photo-
graphic coverage was carried out with a normal-angle camera, namely a RMK 21/18
equipped with a photographic lens Topar. In order to make the most of the exten— |
sive terrestrial work, the zrea was photographed at two scales, viz. 1:6000 and
1:3500. In consideration of the building density and the visibility of the sig-
nalised points, the flights were carried out in suech a manner that the flight
axes of the two strips at both scales coincide in position.

In geéneral, photo flights are performed in sunny weather, ¥or this reason it is
possible that the 1lilumination of the buildings influences the photogrammetric

measurement. In order to detect an influence of the arimuthal change of the illu-
mination direction, the area was covered twice at both scales, once in the worning
and once in the afternoon (see table 1), The most important parameters for phot

grammetric measurements thus are point type, photo scale and position of the sun,

2. Measurements

¥rom the very beginning of the test a numerical restitution had been intended.

In order to ensure that the differences between the terrestrial and the photogram

metric measurements can be determined with a satislying degree of accuracy, the
station points were to be measured once terrestrially by five different survey

teams and once photogrammetrically by five different Restitubtion Cenbtres.

If possible, in each Restitution Centre a second coperator had to repeat part of

the photogrammetric measurements. To begin with, for each station the points and

straights to be measured were marked on enlarged aerial photopgraphs 1:700 (see

f£ig. 7). In order to guarantee the necessary uniform assigrment of point numbers,

the numbers were assigned during the first terrestrial measurement {see fig. 6).

The berrestrial megsurements also coffered the possibility to test the suitability

of different roof plummets {see fig. 8). Regrettably ten of the originally se-

lected stations could not be used because bulldings or signals had been destroyed ‘
prior to the flight or because sigrnals were not visible on the aesrial photographs. ‘

Ten Restitution Centres participated in the photogrammetric measurements {see ‘
table 2). Altogether we dispose of the results of 2310 station measursments (see

table 3). In order tc guarantee the correct encoding and the completeness of the

measurements, for each model and for each Restitution Centre a list of numbers of
the points to be measured was drawn up. To reach a standardization of the measure-
ments, the Restitutlon Centres had to observe certain rules, e.g. that the medels
at small scale had to be measured first. All Restlitution Centres employed experi-
enced operators well familiar with the instruments used, All of them unanimously
agreed that the identification of the points at 1:6000 photo scale was bad and
that for this reason a larger photo scale is Lo be preferred for practical work.

%, Compubation of the Ce-ordinates

The Commission discussed all details of the compubing work, considering in par-
ticular the different possibilities of comparing straights {(roof eaves). In set-
ting up the computing programme it was assumed that for each station and for each
restitution the terrestrially determined co-ordinates as well as the photogram-
metrically measured co-ordinates were available in a uniform leocal network. For

the terrestrial measurements, the 188 setup point of a station was, as a rule,
selected as the co-ordinate oripin of the local system. 3ince great importance
was attached to exact terrestrial comparative

measurements, these were not only

carried cut five times independently, viz. by 5 fleld teams, but it was also en-
sured that, by the inclusion of folerances in the subsequent computations, meas-
urements were not unnecessarily rejected (see table 4), However, because of re-
jected or omitted cbservations, we do not dispose of exactly five independent co-
ardinate sets for every point. Altogether there are %228 co-ordinate sets for

665 points.

In order to facilitate the work for the Pilot Centre, the Restitution Centres had
Lo do part of the computing work. Here, too, precise rules had %o be observed. In
particular 2 linear conformal transformation of the model co-ordinates had to be
carried out while using special control points. According to the minutes of the
Restitution Centres 9% of the measurements were unusable, which was primarily
caused by difficulties in identification and by large differences between the
firgt and second series. The Pilot Centre received from every Restitution Centre
the punched cards with the transformed co-ordinates, separated according to sta-
tions and point types. As for the roof-ridges no terrestrial comparative measure-
ments are available, after the transformations the co-ordinates obtained from the
five restitutions were simply averaged. These mean values define the final photo-



grammetric e-straight. Since the planimetric co-ordinates of the a-points of dif-

ferent stations had not been determined terrestrially in one uniform system - as

was originally assumed - the original computing programme was modified and the

terrestrial co-ordinates for each station and each restitution were, by means of

the a-peints, transformed into a "photogrammetric system™, i.e. into a system

whose X-axis runs parallel to the flight axes. In order te eliminate gross errors,

the Pilet Centre again included some tolerances in the computations, dependent on

the photo scale and dependent on the point type {(see table 4). The numercus ex-
ceeded tolerances for the d-points (scale 1:3500) must primarily be attributed to

the measurements of four particular models {see btable 5). Unfortunately not every

Restitution Centre was in a position to have the measurements repeated by a second

operator. Nevertheless there is a total of 23 035 photogrammetric measurements
for 2310 wmeasured stations.

4.
4,1

fccuracy of the Mezsurements (Frror Computabions)

The Accuracy of the Terrestrially Determined Co-ordinates (T)

The accuracy of the terrestrizlly determined co-ordinates of the a-, b-, and c-

points was derived Trom the differences between the co-ordinates obtained from

each single measurement and the co-ordinate mean of the maximally five measure-

ments. For the d-points, however, we first averaged the co-ordinates of the maxi-

maliy five d-points at the beginning and at the end of each d-straight. By means

of these two cenbtres of gravity the final d-stralght is determined. Subsequently

we transformed all d-points for each roof eave measured by pach of the five field
survey teams into a new orthogeonal system (which is Formed by the final d-straight
and a plane perpendicular to this straight) and derived from the corresponding

horizontal and vertical deviations the standard co-ordinate errors. To allow a
comparison with the photoprammetric co-ordinates, we additionally calculated the

standard errors of the mean obtained from the five measurements {see tables 6
and 7).

4.2 The Accuracy of the Photogrammetrically Determined Co-ordinates

As to the photogrammetrically determined co-ordinates we distinguish four types

of errvors {see fig. 9):

~ Measuring accuracy ¥

From the differences between series 1 and series 2 we computed the standard co-

ordinate errors of the mean of two measurements (see tables 8 and 9).

Absolute accuracy A

From the differences between the photogrammetrically determined co-ordinates of

each single measurement and the corresponding terrestrial mean values we ob-
tained the standard errors of the absolute accuracy {see tables 10 and 11).

Relative accuracy R

In order to defermine the deviations of the eco-ordinates in repeated restitu-

tions, we first averaged the co-ordinates of the five phobtogrammetric measure-

ments of each point. From the deviations of the single values from the corre-

sponding mean value we then obtained the mean relative accuracy. The relative
aecuracy of the photogrammetrically determined e-points was computed the same
way as the accuracy of the terrestrially defermined d-points.,

Considering that some stations are located in the overlapping =zone of the two

flight strips, we occasionally did not combine five but 2 x 5 = 10 measurements
to a mean value (see table 12).

- Systematic deviations §

From the differences between the mean value of the five photopgrammetrically de-
termined co-ordinates and the terrestrial co-ordinates of comparison we obtained
the systematic deviation. ¥or the d-points the mean values of the horizontal
transversal deviations are identical with the systematic deviations (see

table 13).

Detween the error values my, Mg and mg exists a simple mathematical connection
(see equations Nz2.47 - h2.49),

H. Compariscn of Different Standard Errors

The tables in chapter 4 already answer some of the guestions of the test programme
For the analysis we combine the results of the photogrammetric measurements, e.g.

for the scale 1:6000 the results of the restitutions 1 and 3, etc. These combina-

tions are in short referred to as restitutions 1%, (see tables 14, 15,

17 and 18). We also pile the standard errvors for the b-, ¢~-, d- and e-points, i.e,

... ete,

for the non-signatised building points (g-points)} and compare them with the re-
sults for the a-points. In these cases we have not considered Ehe standard errors
for each of the four point types as being of equal weight so as to avoid giving
the few b-peints an overweight. In the different paragraphs we deal Tirst with
the standard co-ordinate errors m and then with the standard height errors m, 5

in the seguence of the different paraneters, namely: point type, image scale, op-
erator, and position of the sun. We find, e.g., that, for the terrestrial measure-
ments, the ratio of the standard error m, of the signalized a-points to that of
the non-signalised building points (g-points) is approximately 1.0 : 1.6. As to

the absolute errors of the photogrammetric measurements, though, this ratic is
1.0 ¢ 3.2,

Table 10 conbains the standard absolute deviations for each single Restitution
Centre. We therefore investigate the dispersion of these values but restrict sur-
selves to the a- and d-points. The ratio of maximum value to minimum value normal-
1y lies between V = 1.5 and 3.0. In practice, however, one will probably mind less
if, for the scale 1: 6000, the mk—values of the a-points fluctuate between 2 cm
and % em as if these values fluctuate between 6 cm and 16 cm for the d-points.

To determine the varying accuracy at the Restitution Centres, we averaged the
standard deviations of the four restitubions 1, 3, 2, and 4 and 5, 7, 6, and 8,
each of one operator. At the same time we computed the standard deviations of
these mean values (see table 16 and fig. 10},

In order to find out whether the differences between the absolute errors A and
the relative errors R are statistically significant, i.e. whether systematic




deviations are really available, we tested the different varlances according to

Fisher. While for the a-, c~ and d-points the differences between the absolute

and relative errors are significant, for the b-peoints the number of measurements
is too low to obtain correct values for Wy and g and thus be able to determine

significant differences (see table 19).

6.
6.1

We compare the standard errors of the terrestrial measuremenis with the different
errors of the photogrammetric measurements (see tables 20 and 21). To the terres-

trial measurement we assigned the figure 1.0. Thus

To eliminate the influence of the image scale, we converted the standard errors

of the photogrammetric measurements to the scale 1:1000 and averaged the VA—va1~

ues. We found,

- The value VA(A) for the standard absolute co-ordinate error m, of the a-points

Analysis of the Standard Errors

The hAccuracy of the Different Survey Procedures (VA)

1 VA(A) : VA(R) : VA(S)

1s 0.40 « 1077 m,, for the non-signalised g-points, however, 0.80 1673 m, -

The corresponding value VA(A) for the standard height errors m,
points as well as for the g-points 1.15 1073 my . Striking is the small value

for the b-peints and the large value for the d-peints.

Each station comprises an area of only 100 m x 100 m. Within so small an area a
number of systematic influences, e.g. caused by distorsion, are constant and are
eliminated by the transformation. The standard co-ordinate error of the a-points
is with m = 5.5 um very small (table 15}. We may thus infer that at the time our
photogrammetric measurements were taken, the conditicns were not particularly un-
favourable, The standard ce-ordinate errors i of the different point types are
in the proportion of approximately 0,25 : 0.65 (table 22).

In this comnection we assigned to the error of the c-points the figure 1.0. The
standard co-ordinate errors of the b-peints are about %0% larger than those of

the c-points. The number of the b-points is very low though. Already at the time
of the reconnaissance we realised that it is very difficult to find in a densely
built-up area house corners which are visible from the air. For the e-points, only
relative errors are available. But since it is not likely that the systematic de-
viations for the roof ridges are larger than those for the roof eaves, it is to
be assumed that the absolute errors of the e-points as well are correspondingly
of the different
1,00 ; 1.00. This means

smaller than those of the d-points, The standard height errors o,
point types are in the proportion of ¢.45 : 0.75

that the standard errors m, of the b-points are smaller than those of the c-points.

- FPor all point types together
VA(S) = 1.0 : 0.8 : 0.6,

6.2 The Accuracy of the Different Types of Points (VP)

0.95

The reason for this may be that the b-polnts are primarily ground points. The

standard errors m of the ¢-, d- and e-poinbs are practically equal. The influence °

is for the a-

of the transformation by means of the a~points on the calculated accuracy values
of the nen-signalised peints is practically withcout significance,

6.3 Accuracy at Different Photo Scales (VM)

For the error types A, R, and & we obtain with a smaller scale (1:6000) smaller
errors than with a larger scale (1:3500) (see table 23). The ratios are, of

course, reversed when we calculate with errors in "em in the terrain®.

6.% Accuracy Obtained by Different Operabors (VB)

For the error types A, R, and S the standard co-ordinate errors m, of the a-points
as well as those of the non-signalised g-points are for the second operator group
10% larger than for the first operator group, i.e. they are practically equal
(see table 24). On the other side, for the second operator group the g-points have
larger systematic deviatlons but smaller relative errors. As o the standard
height errors m,_ the proportions are similar. The significance of the differences
was  tested once with the t-test according to Student and once with the F-test
according to Fisher (see tables 25 and 26), From this results that at some Resti-
tutien Centres the results obtained by the two operators are also significantly
different (see tables 27 and 28). It should also be mentioned that the resulbs of
the two tests do nob agree in all instances.

6.5 Accuracy at Different Positions of the Sun (VS)

in the course of the test the influence of the arimuthal change of the illumina-—
tion direction was to be determined. ¥or this purpose for each photo scale two

flights were carried out at different bimes of the day. The standard errcrs m,_ of

14
the afterncon flights are nearly 10% smaller than those of the morning flights.

However, considering that the roof eaves lie under different azimuths it is not
to be seen why the standard errors are supposed to be dependent on the azimuth of
the sun {table 29), This does not preclude, however, that, depending on the posi-

tion of the sun, there is a systematic displacement s for every single roofl eave,
If we graph these s-values of the single measurements taken by each Restitution
Centre as a function of the azimuth (see fig. 12}, it becomes clearly visibie that,
on the one side, there is a preferred building direction in the test area and
that, on the other side, the dependence of the s-values on the azimuth differs in
all measurements, In order to analyse this dependence we caleoculabted — by means of
the method of least squares - for each measurement a simple sine curve according
te equation 65.01 (see table 3C and fig. 13),. a, is a constant perscnal measuring
error on the part of the operator, aq is the amplitude of the influence depending
on the arzimuth of the roof eave and %y iz a phase shift which is connected with
the azimuth of the sun at the time of the photographic coverage. From a and ay
we first caleculated the quadratic average 5, of 8 (accord. %o equation 65,02) and
then the average values 25, 84, 5,, and EO For each restitution (see table 31),

In order %o ascertain the differences at the single Restitution Centres, we addi-
tionally converted the values 2, 84, and s of the four restitutions of one oper-
ator by means of the scale denominator intoc "um in the image" and subseguently
averaged the values, Apart from these mean values aé, ai, and sé we calculated

the deviations mo,s M

° a1 and mSO ol each single measurement of one operator (see




table 32 and flg. 14). We found:

Co~ordinate errors oy, and heipht errors m,, viz, for the terrestrial measure-

, o ments in "em in the terrain", for the photogrammetric measurements in "pm in
- The mean values aé lie between - 18 pm and + 7 pm. The average cof all ten va

the image",

ues, absclutely calculated, amounts to 6 pm in the image. The deviation m o

~ Type of point.

the single values a, amounts to % pm,

- The mean values a) lie between - 3 um and + 9 um. The average of all Len mea Tne 1ast column shows the ratio of the standard evrrors of the non-signalised

1
values, absolutely calculated, amounts to approximately 5.5 um in the image,

points (g-points) to those of the signalised points (a-points).

The deviation m . of the single values a, amounbts te 5 um,

i

R . : in order to calculate the influence of the other variables, namely photo scale,
- The mean values sé lie between % pm and 19 pm, The average of all ten values

operator and position of the sun, on the accuracy we compiled in table 35 the

amounts to 8.5 um in the image. The deviation m of the single values s
S0 8] aof the standard absclute errors. In general, the

different ratios V., VB’ and Vg

ratio figures for the error wvalues A, R, and 3 are nearly equal.

amounts to 3 um.

Striking is the large value 18 um for a' and thus the correspondingly large value L . .
o Finally we compare our results with the results obtained from some cother tests as

19 pm for s5'., The dispersions of the mean values a' and s' obtained from the g . . .
o o B far as they can be pub on a fairly comparable basis (see table 36). In deoing so

viations of these values ap compared to the overall mean a_, &, and 5 of the:

we restrict ourselves to normal-angle photographs.

ten @ i f ferent Restitution Centres are considerably larper (see tables

%1 and 32). This means that the personal error of one operator during the four

. In conclusion we furnish a few ideas reparding further investigations which emerge

different restitutions was equal. Bubt apart from the operators whose personal e . in part from the errcr analysis, Some problems had, however, been exeluded from

rors are very small, there are operators with relatively large personal errors " the test from the bepinning in order to prevent too great an extension of the pro-

gramme.,

Finally we computed the average values a gy g ©of the "phase shift" a, fo
3 2

the flights in the merning and in the afterncon. The influence of the azimuth on

d
and a

g disappears when

- + g
a o, L 200

We found the values a4,y 728 ana Qg T 3542 and obtain from this as azimuth
3 L]

of the gun

« for the morning flights: ay = 1286

- for the afterncon flights: o = 2058

From the flight data resulted, however:

- for the morning flights: = 1338

Sy
- for the afterncon flights:'aN = 2528

Considering that the amplitudes a, are, On an average, only about 6.5 pm and that

the deviation of the single values ag amounts to about MSg, the agreement between

the values ay and ay is truly sufficient.

Result

7.

In table 3% we have once more combined part of the errors discussed in chapbers i
and 5 te obtain a betfer overall view. We first distinguish the following varia-
bles:

- Survey procedures. (As to the photogrammetric measurements we differentiate in -
addition between measuring accuracy M, absolute accuracy A, relative accuracy R,

and systematic deviations 8.}
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Table 1 ~ Further data of the photo flights

Photo scale Time Time of exposure Overlap in %
of photograph [s] transversal] lateral
1:6 000 in the morning 17250 65 80
1:6 000 in the afterncon 1/525% 65 80
1:3 500 in the meorning 1/250 30 80
1:3 500 in the afternoon 1/450 30 80
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the search for gross errors in

in

List of the tolerances

"centimetres"

Table 4

y
=
woa
-1 Bl [T} <O =
[+ Y fral &
¢ g
g3
Pm_.D
=@
nofon B
@ . n s [TaRT o R oY
v o o~ » L [aVER SV o]
R
o
- ¥
n B
3 B
L8
mc © N N O
o owm e
B oo
o 4 o
wog ©
SR
O 4 0 >
oo .. - N0 C Q0
T ] PSR O RV o
L
=
W
@ & o W
3 o b I B B o
oomb W
v om =
E 0T
4+ Da
HoRH P
o oda
[ =T~ =
g »EA - Q Do
& oW w - i
B @ oE
o]
@
- o]
[ S R e ) 5] c oo o
e EL -
[ B TR )
¢S B
[T =]
oH o n
PR PR
H O E® =)
G 2 @ " o o o 9
e G B b [ERER T AN Y
o £
£
[
- o] 5] T«
O =
-

POJINSBOUW SUQTHBAS
net T fr E I0 JsguEnu TR0
cee T 6T 62 - an e b3 m 8
g8z ¢z &1 62 ¢z 2% < 7€ w 8
gse e &% 62 $Z i 4 2% a L
asz ¢z 51 52 €z 24 49 ng m g
gse oz 6T 52 ¢z 2 £5 T4 o S
292 4T 5T 4e q¢ 14 ¢ 05 m tr
84T - - - - 6% ¢ cS m g
6LT - - - - 14 £5 o] o Z
6LT - - - - 6% s 0% m. T
652 il 8T T4 ne 6% < 0% - 0
EBLT-E-E) ] g I3 G 7 < T uoTang
SUOT4BLS wT38aY
J0
N uocula}je| JuTuLow | UooUSeLJE | FUTUIOUW |[UCOUISZIE uccuazize| Butuacw | ydeadFogoud
Aoqund sy Uzl eug ut ety uT| &Y Ul sun ut eys UT| 803 uT Jo sutg | eaguep
t=30L uoTINg
. . . E:EE .
008 £:1 coo &+ Q0% 000 9:T o50Ug ~-Tassyg
Joseiedo v:m Jdogrdadoe vmﬁ Joaeaadp
PSINEEIW SUOTHELS JO Jaqguny
sjusliaLngRRl OLLYsuLEIFoqoyd Sy 0 28T ¢ STQRL

99




Table 5 - List of the values which exceeded the tolerances for the

photogrammetric measurements

Point 1:6 000 1:3 500
Restitutiens 1,3,5and 7 Restitutions 2,4,6and 8

type

P ny gy AN Ang ny n, : An Ang

22
11

Total number of measurements

Measurements used

An = l'!l“ HE’ = Omisslons

Table & - Accuracy of the co—ordinates deterwined terrestrially

{chapter 8.1}

501nt NM Np m m, Mk MZ
ype
cm cm jeaua} . cm

a 1 250 261 1.3 1.3 .6 0.6
b 114 23 2.9 4.6 1.3 2.0
c 390 21 1.7 1.9 0.8 0.8 |
d 1 i 300 2.1 2.7 0.9 1,2
4 1 978 Joy 2.1 2.7 0.9 1,2

NM =  Number of measurements

Np = MNumber of points

m = Standard error of a measurement

M = Standard error of the mean obtained from five

measurements

Building peoints (b-, c¢- and d-points)



Table 7 - Distribution of the differences existing between the co-ordinates

of each single terrestrial measurement and the co-ordinate means
(chapter 4.1}

of all i-measurements

Differences

-point type

to

-14

-13

COI—~3 ||\ | [ [ e | O = | Ao

el

iy
w]

=
Y

[
N

[y
L)

[y
£

[y
W

Standard errors of the mean obtained from two

measurements in

Table & - Measuring accuracy (M1}

"m in the terrain!

M1

(chapter 4,2.1)

- points b - points
Np m, m, Np m m, Np
1 181 1.8 8.1 5 3.9 7.8 55 3.9 2.5
2 189 | 2.1 5.7 5 3.3 | 7.8 55 2.5 5.8
3 177 | ¢.9 - 5 3.2 - 51 2.2 -
h i89 | 2.6 3.5 5 7.7( 5.4 54 3.9 5.1
5 126 | 1.9 5.2 2 1.2 | &4,0 34 3.0 6.8
6 131 | 2.0 i.8 1 2.9 2.6 34 2.1 5.4
T 135 | 1.9 3.9 - - - 33 2.8 9.7
8 128 2.1 5.5 1 4.0 1.3 3h 3.8 8.0
9 134 1.4 L] e 2.7 .4 3h 2.4 7.5
1 183 | 1.6 3.9 3 5.3 5.7 57 3.6 5.9
2 191 3.1 5.4 3 2.2 5.0 57 4,2 4.8
3 174 0.8 - 3 3.3 - 56 2.2 -
i 189 2.4 3.8 3 1.7 5.0 52 3.4 5.2
5 180 [ 1.7 5.2 5 b4 2.4 61 2.9 5.6
6 196 | 1.9 1.9 6 i.5| 2.4 62 2.2 1.8
T 203 | 1.8 5.9 5 3. 6.4 &0 3.0 8.0
8 201 2.0 4.2 5 3.3 |12.5 62 2.9 6.6
g 201 | 2.1 5.0 6 2.3 12,3 62 2.3 9.4
4 98 1 2.4 2.8 1 3.0 1.9 32 6
5 78 1.6 3.9 1 0.5 [ 11.5 19 6
6 75| 3.2 4.1 1 ol 1.3 20 8
7 84 1.1 LI - - - 20 8
8 84 2.6 5.3 1 0.8 | 10.0 19 .3
9 - - - - sy - - -
4 93 | 2,1 2,6 1 4.8 7.5 33 i
5 96 | 1.4 h.9 3 3.5 1 5.7 26 8
6 101 3.0 3.1 i 10.0 | 1.7 28 9
7 i05 | 1.2 L i 7.3 1.5 28 5
8 104 2.5 6.0 [l 4,71 120.2 25 5
9 105 | 1.8 6.7 i 3.8 9.4 28 0




105

[/}
5
o war g [=a ot Reol SIS MY [TaRalaVele: e -l O = Wy D O L Chr
ol PR R e e e e e e + a e
[SAR= L N ot e e s e 0 v e o [oVRANIE N LR aN] R [aVIaVR = 2= V)
1
[+]
ol ooy o~ PR e e O = e e D KU oararara
= AN AN N e - T N Ta S raYralial oV SV AN SV ST VT SV
Ll BN+ DWW N0 o |- e O =] MYOD O N - [a¥] [oa s RV g ot}
< [ s VT A S s . . . STV
w|& O N MO e o M e N B -l o ML O
BR]
3
el . Qo QAR e ONED PO ML RNED e O B D 1 N O IN o MmO
& AN [ A PN A L . R
=] [a¥RatELal Y = el At R Tall a SRR ] [3¥] [S VR R R ™ [V R AVRAT N o)
1
< )
= T S T PAQWD P D DAD D P R AT RSt MY DD 0D B
—
=
=
-
i
m = e I BN Ealiaat=oReoliop [ IV I Nl o e [£=] (e N o E e bl [aatcoRusRuRen]
- P e e PR ST A . ST
P 5 NGO M B e CUMY O e P N YAl I YR YT
EE)
o ta
3] i
=]
s e WG D 0O O mNe O OO oS = 00 MO LNAD
5 A S g . . . L L PRt
DLmK OHOH OEQOw OO O o DO QO OvOw
(=]
I
w
— o [ e - N A A S ol o NG
pal oy ST MV o LN MY Sy =0 B e b~ fTe RN el ol [l SO O Ch=T
o = PR R R R R PR R R R
= .
=R
LR
2 )
il m o N IO D00 N R MO Bl Y ENTAl R e WD be-Co OV
SRR
1o
i Q
e B = o o
T+
=
[s=geK]

¢ ®TgE3 298 = (¥
(880U8aRIITP) §IUSWSJANEESW STQNop JO JIqUny = H\,Hz
TTT] BTG 6TE| el €T TUTT| LG | 6C| ot | nEt |iTeTT 99 |67 |¢°¢ 62 9'g €] 0°E| 2°F | 264 B
C'gT| L9 €79 €72 | w9T |y 98T 99 [S gl ¢z |onT |in TT FL |0 |9°C 9T O'CT| w T &% 2 1| ey 9
GTTT)] £°9| 679 8¢ | BRT Y G TT| &G [ 60 €461 89T (G TT LTOT|679 | &9 0¢ [ el 6ty T2 | KOS 4
2L fr9 AA| 6°C | wTT || Brer| G9 | L] 6 CqjovT |lgTET | & |LcL |G | n 0L | gl e gl €26y g
FOT| £°9 | 3°C| 67T 08| 90T 9 h (L€ | 9% |oEn |16 §'g 12Tg 1€ 09 08 6°218§°2] 0°T | Ggnt f
G'0T} 29| 8 ¢y 8°T|2en T vri 670 |66 | LT [68S [[4°2 'L |L2 |92 £ Q'8 9'Z | g'c| 6'0 | 6T 4
MMM o.m M.@ 0°€ | 895} & 0T 0%6 [ £°9 ) ©°F | 628 floser | oS gL |o'¢ | 6¢ |los| ¢7¢] nea| ovg i gzit ¢
- " "Ll gte|otn||eter) erg | hti| reg fRreg llsrot 5L ojet g ) : ) .
9 f ge [ €I85 67T | 06ST Axﬂ
U 53}
. 1, 2 . » i T . . ua it ) D ur wo
u _ Uz _ ur N i T w| T | Wyl Zw T | Fy T | By || P W | Wy
sqUTod - 3 squtod —~ sautod - q SQUTOd - B sMMMWMp
(172 % as3deyd) SUOTAN3T38aI 04 BUTPJI00d® UoT1eTTdwo)
{2 W) £aBaANOOE JUTINSEIN - 6 STURT

Number of points measured {differences)

P
My
z

N

Standard co-ordinate measuring error of the mean obtained from two series

Standard height error of the mean obtained from two series

see table 3

n
*)




. O s G 0, Cunme=  Omong O OGOy o = o
al v | Ao mrdat | tawac @gdae | o PN @ Lommo S
QO
- .mm o T o el el e o — ol vt e ﬁn! Mcnnjwu,wm Mmon ﬂﬁ;waﬂm m
B
(&) [aNEeo it J=oRNa] [Fgtes) o =
Pmk ..... s T Ol M WS TR0 oo B U R s <]
P IR R R T S [ s
. I 000D MR WO IO AD o v a0y [EalTaN s BT SNV WA QoA N
!
& sh
— O VA M O =
- o MOV \OM\OA\D SO M N B0 =
NEERAD  o F e TV i v S e E8 ITILB =8 Hessh
R R alkn Ea B S RS R o e e et e amEmaun
v LN
smz fRnInG H o090 M3 QNN AT 0D b D =l VO MY MYE— OO b M
i OO AN O  Oao ol SHNOMO ommom | e GO e . o3 o
5 SEchabale’ O T LaY- S o W g /<3 SO N [atte]
= QL el e v o — b - Al i — %89@6
o]
=1 o B S Ve oo NG
x| TTMeE @ QN | AMATT Gomon | e genen | @ a6 s
(W= WA NS I S 00W NN D NSO 00 S AD WD IO IR 5 v e 0B OO AD
o -
- LA AT AT s ) V=R V=R TN QD MY NS
prod ] NI
POVRURN MY Y MVSE S A Srar At AT nEr hinin SV N%%%H nﬂu% mﬁﬂﬂﬁ
] O v Oy D ) L =
Bl e | oo gmeen | aneon amamg | a@ somed | Ne anowwl
mm ﬂoonuﬂ_.:) 8w678 ORCOAD LY DD D00 AN SO M el e —
m e — ] - ol o
o
[o RS RToE. g4
| SRS amang PRt O ewaae | 00 =mmen | T 8o g
DI M= Lo O B R S P
o 20 = 57m88 \O D \D CO = TR ol AVl = M o= O o m
- ]
oy —
~ - e T \OND MDD D P P e O POVRY Dy 0y Ry UMY RO D nﬁ
5 T
Poae] P
- MeCOAD QN oD * =
m smz ...... s e O MM T D SO oSV Mo I o T T L ND O @
g T I T S B At
m m =R N BT AT SO N I na SN WS WO e WA SO - m
-2 -~ -
> i VAV MU = GO e b
: gl | FamT @ T uendn @ensa | ae aeseme | o= cwoen B
3 =] LR n BT S NN VY] 3V o oV SV N T R TRt I N el el o e [
153 \ o Ll
! o] A VR g M O T g
= e AT T e o r it
o Np ﬂﬂﬂ,ﬂﬁ/ O e R o R - = oD %nrw(ﬁmm,m %8 At g =
S o e e R e e e R el W e m
Q
) = @
M o ow o i
Oy
mnm Hlm 1l
- O MM D =
= P [N+ oW O 0 T LD =G0 Ty O ar LD =00 Oy o= WD 00 ND.\VM
O 42 T
| =1
- 0
e
L)
Qo =3
st)

Ve SV-F- - B Ta VTR~ gy O =T RN OO N O~ RO Mo Dol b AT
— T S I e
w|E WD = O O SO0 DY Pooa it NSO OO Q= N OO0
e = B R R R R K3 B R T R S SR YR Al ol e o A
=
[ o
< o] u [ o e I S AN AT LMoo — v MO 0D [VoX o BN NToiV-Re iy | Ol O WD -
o 23 Y g T N S . PR PR
=1 =] DO e O WO OO S -0 D OO W o Inos it OO
@ t i vl i — - i - =
oooom
¢ D L~] % P00 b= NG (O DS D i o e D ST AT OV IO N | A I N L ]
@ N~ = OCOOND Mo el O MO R [= R SRV oo O e
fn_nia?_ clrutl O e AN NN el He e o
P .
b= =) :
rn . OO QD e NI R VT o At R O o |1 oS oo
P I B i N N N . . P . Y .
O+ [ Ched O QI D= MO D= O O S O NG O Qo Uy E VIR Y= ool 5
t%mw m HOI DO = o Ol et O ol T O e & ™ o e N
g 43 o
C pard B 0
Hnaa D.k MO OO 0T WO MY WD e O oD 0 N 0D M VAT ST OO RO Y
.lh -------------------- . . . v - - o+ r = &« e &
@O =] oo Y v 0§ O A OO0 M oA O Ve o MOVO M oo oMo O
dmt( i Rl i et ol e o
T W o
T a O o, MLET MO LD S O MY e T N e e S L= o oy | O b 0D LMD
.mtm = OO N VU Y IRz TN T TSN RS SVCRV Y +) Y N e MUY 0l Od o el
U
BoEw_
~ nELE
- o =]
<x Wam.m AP0 O I— = ChED MO AT LAY O N D B SO e M| - OO
~ @ P T e e B I e e e A
20D g +|E MUONAD 0D ST O S0 T O Na 00T N O i O
- = ot - v =i - B - ol <« Ea%atl
Y HO0TE ]
o e oe [=]
w © 0o =1 o @woMHE O IR o Ve BTN V= e dem SO Oy L W DO W
o~ T e R R R N L R N .. PN R
o oo ng g S-S DO N CVO W SN o L N SO
O GO e vt et o e = ot
o dtMn o py
w dnni = TN Ta Nt SR Ta N AN NE S Y] MMM MY Y LOAD S LV e e e MY AT
LOg S
5 o g
A P55
o & 2DF
wog = Z NN R OW WNST eI Y QD A D b= DA O Wl N NEw
L0 L Q o I B T N P L e O
R e ol OO Th WD D b WD E3 NG e D 80 0 [= Y Ta W TaRT otV N B - =h=]
ey =
1 g
o m . A AN AT N e R o SYRTa R TR IO AVl T} ¥ KXo} R I (o WN=R VR I | O A NOOar
- aE AV SV VI W VI A Y S Yo oOUS QSR O YO MDY NNy 0N SV ANV g oV oY}
© !
-
=) o Pl betD e WD OND v el e B RV T Y oL 41 [ SE R V- RV-V- I A =
] S B RV BV R e RN B R s O D= =D - OO DD S0 0D WD DO T Lo DN
= = e = R R B e R R R !
[ =
O fa
)
%Mn O NI LD B0 Oh (SRR STl oo N (ST NTRV-R e N N O o O
Q
oD
=]
- o
B
@ L
O =
oY




Table 11 - Absolute accurasy (A 2)
Compilation according to restitutions {chapter 4,2.2)

Resti-
tution

b - points

a2 - points

m m . ™ NM mk I mZ m, ™

Resti~
tution

¢ ~ points

NM m, mz oy m

cm

1%

Table 11 -~ (Continuation}

. d - pointa g ~ points
Res@l-
tution NM m, ", My, m, NM my m, mk m,
cm nm cm um i
1X) 1644 | 10.3} 17.5 17.2| 29.2 2111 | 10.6 17.9 17.7 29.9
3 2208 9.4116.5 15.7| 27.5 2836 9.7 16.2 16,2 27.1
2 144k 6.3] 13.2 18.0| 37. 1900 6.3 13.0 18.1 37.2
4 17o0] 5.9 10,3 16,9 29.14 2228 6.0 0.4 17.3| 29.6
5 505 | 1o0.4 | 18,7 17.3| 31.2 6461 10.8 18.3% 18.0 30.6
i 814 9.8 | 18.6 16,3 | 31.0 1035 | 10.2 17.9 7.0 26.9
6 573 6.7113.3 19.1 | 38,0 757 6.8 13.3 19.% 37.9
8 522 6.6 12.6 18.9 1 36.0 691 7.0 12.7 19.6 36.4
NM = Numbér of measurements

see table 3
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S 2 | S
Table 13 - Systematic deviabions (8 2)
Quadratic average of the differences between the Table 13 - (Continuation)
mean values of the photogrammetrically determined co-ordinates
and the terrestrial co-ordinates of comparison.
Compilation according te restitutions {chapter 4.,2.8)
- - - Resti- d - peints g - points
Resti- a - points b - points tution N m n m n N o m m n
tution | N m m fil m N m 1 m m m P 2 k 2 p k 7 k z
B k z k z P k 7 i Z [l wm om um
1}() 236 5.8 | 11.4 9.7 19.0 304 6.4 11.3 10.7 18.9
x) 194 2.5 8.3 6 11.3 8.6 18.8 11,3 3 280 5.3 ]10.5 8.8 17.5 %61 5.7 10,0 9.5 16.6
6.1 2 286 4.5 9.2 12.9 26.3 377 4.6 8.9 13.2 25.4
y 292 3.6 7.1 10,3 20.3 § 385 3.9 6.9 11,1 19.7
5 188 8.2 15.1 13.7 25.2 242 a.7 14.5 4.0 24,2
T 232 7.5 | 13%.6 12.5 227 296 7.9 12.7 13.2 21.3
[ 170 o | 8.0 ] 13,4 28,0 || 223 4.9 8.6 § 14.1 216
8 184 5.0 9.7 14.3 27.7 239 5.5 g.h 15,7 26.9
¢ - points
. N il m, m m
tution k 4 k Np = Number of points (differences)
see table 3
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Table 16 - Absolute accuracy

N

(A}
Compilation of the results according to different Restitution
Centres (mean values obtained from four measurements), as well
1]

as standard deviations of the single measurements, in "um in

the image" (ehapter 5.2.2)

Resti- a-points d-points a-paints d-points
Restitution !tution

Centre m& mé mﬁ mé m&k mmz mmk mmz

132k &) .7 116.8 14,1 ] 30.8 1.3 5.5 2.8 7.9
(15%operator)| 1 4.7 |13.6 | 15.2 | 29.0 || 0.5 z.0| 16| 1.5
2 6.8 |17.5]15.2 | 28.0 o.2) 2.1 | 2.2 5.2
3 4.9 [13.9 117.9 | 35.1 1.8 0 3.7 1.4} 9.3
] 5.8 |12.9|15.9 | 27.5 o.7| 2.2 1.2 5.4
5 4oh | 1k.6 | 11.5 | 28.9 0.8 3.7 1.0113.5
5 5.6 {16.2 [ 25.7 1 32.8 0.4 i,y L
7 4,6 113.6 1 14.7 | 33.2 0.2 3.3 1 2. 3.1
8 6,0115.3 [ 15.9 | 35.0 0.7 | 3.3 21 1.1
g 5.4 1 16.8 [ 19.1 | 81.0 1.2 3.6 | 3.8 6.7
0toe 9| 5.3115.1 |16.5(32.1 0.9 3.6 6.5
1) 0.5 1.8 . 3.2
2) 0.7 1.5 . o
5768 5.5 [17.5 | 14.5 1 34.6 2.3 | %.8 REEEN
(2"%perator)] A 5.6 12,0 |16.2 {22.3 4 o.9 | 2.5 | 2. 2.6
5 5.6 |20.1 | 20.4 | 52.2 2.5 111.% [ 5.7]35.8
6 6.3 [11.4 | 23.9 | 29.3 0.5 1.9 2.2 6.7
7 b4 |43.9 115,31 26.2 1.0 3.1 2.1 3.2
8 7.2 |15.4 | 17.7 | 48.0 0.5 3.3 1.7 5.7
9 5.8 |47.9 | 16.2 | 38.4 1.8 3,3 2.3 ]10.1
0O to 9 5.8 115.5% [17.7 | 35.9 1.5 5. 3 ]115.3
1) . 2.7 6 7.6
2) 0.8 3.0 3.1 (10.3
1324-5768 3} 0.6 2.0 2.6 7.7

(1St—2ndoper.)
1) Mean deviations of the mean valuez m! and m'! resulting from deviations of

23

3

the four single values m and m, respectiveiy a5 coempared to the mean value.

Mean deviaticns of the mean wvalues m)
the ten and seven wvalues respective1§

Mean deviatione of the mean values mé
differences of the values for the twd

and m! resulting from deviations of
as cofipared to the ftotal mean m, and m,.

and m! resulting from the seven
operators of a Restitution Centre.
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Table 19 ~ Comparison of the absclute and relative acecuracy. Proof of the

significance of the systematiec deviations with a signifiecance

level of R%.

(F-test accord. to Fisher)

{chapter 5.2.4)

Table 19 - {(Conbinuation)

type

tution

St

NAxy

NAZ

Degrees of freedom

Ng

Xy

xy

[2-B XN SRS | =R W o O =1\ B R o oon =1 N

E— S IR T

[=o R o B R |

1750
1201
144g

568
645
43y
500

1644
2208
1444
1700
505
81l

573
522

231
237
248
164
178
128
151

236

286
292

188
232
170
184

65
66
68

47
52
37
39

794
1011
699
853

267
362
246
306

164y
2208
1044
1700
505
814

573
522

97
1258
867
1052

334
57
309
371

1207
1519

964
1201

304
a7
306
349

1408
1928
1158
1408

317
582
403
338

c o OO0 oo o O

.69
.67
W73
.71
.88
.78
.80
.88

A

R R

(w3 ol o B =

(S - =

17
.15 .
.25
.21

59
.40

42

.54

.83
.83
.90
.88

.10

.98

01

.06

B R

[ Y

.12
.11
A2
12

.22
.18
.22
.21

[

[ Y

.12
.10
A2
.12

.21
17
.21
.20

Point| Resti-
. m ol m . m m
type tution A A A
a 1 3.0 2.0 3.0 2.0 8.5 6.1
3 3.0 2.1 3.1 2.2 7.3 5,7
2 1,9 1.3 2.2 1.1 6.1 b7
L] 1.9 1.2 2.3 1.5 6.1 L'
5 2.8 2.1 3.2 2.4 6.9 5.6
7 2.7 1.6 3.5 2.6 8.1 5.8
6 1.8 1.3 2.2 1.5 5.5 4.3
8 2.4 1.7 2.8 1.8 7.5 6.2
b 1 14,7 12.2 14.9 12,14 13.0 11.5
3 12.6 12,3 9.5 g8.4 i 12.3 12,2
2 9.4 8.7 9.8 7.1 8.8 8.3
i 7.5 7.0 7.4 6.0 8.6 7.7
5 10,9 4.0 | 7.6 6.4 11.0 8.9
7 17.4 9.7 13.6 13,4 19.2 17.2
& 7.2 6.0 8.8 7.2 || 20.5 11.6
8 6. 5.5 8.3 5.4 12.7 10.7
c 1 10.7 8.8 11.7 9.3 19.7 17.7
.3 10.4 8.2 11.1 8.7 § 15.5 14,9
2 5.9 .8 6.1 4,7 12.8 11.9
i 6.5 5.2 6.4 5.2 || 10.9 10.4
5 12.2 8.4 12.1 7.0 17.2 18.9
7 10.3 6.0 12.2 6.7 14,7 5.3
6 6.6 5.0 6.9 4.6 [ 13.5 12.%
8 7.8 5.3 8.4 5.9 || 13.2 14.8
a 1 10.3 9.4 17.5 15.6
3 9.4 8.4 16,5 14,8
2 6.3 5.1 13.2 12.3
4 5.9 5.2 10.3 9.8
5 10.4 7.9 || 18.7 17.5
7 9.8 7.0 18.6 16.4
6 5.7 5.8 13.3 13,3
8 6.6 5.7 12.6 13.5

{
i
£
£
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Table 26 - (Continuation) Table 26 - {Continuation)
Resti Resti c-points Resti- | Resti- d-points
NE m m ® m m w n n W tution ggf’ligg
%1 2 ¥1 y2 a1 22 Np | omy | Mg §F O Fpg | M T
1-5 0 103 7.4 8.6 + | 13.0 | 18.9 | -
4 107 g.5 | 9.0l + | 12,5} 1006 | -
5 75 6.9 9.6 - 15.9 22.2 -
6 62 10.6 [13.8 - 17.8 19.0 | +
7 Th 6.5 L g.6 | - | 18.1 | 13.07| -
8 73 9.1 | 9.7 | + | 16.3 | 27.0 | -
9 - - - - -
-7 o 32 6.5 1 5.4 7.3 6. + 13.1 | 13.2 | + %-7 o} 112 8.3 A - | de3 ] 123 g o+
4 33 7.1 7.9 + | 13.8 | 10.5 | + g.g| 9.7 | + 4 115 7.8 6]+ 9.2+ 11.6 | ~
5 27 5.0 | 13.7 | - 5.8 | 16.4 | ~ 10.5 | 14,6 | + 5 115 6.7 |11.5 | - | 12.2 | 18.3 } -
6 27 | 2.2 124 )+ | 10.5 | 13.3 + 1.8 | 13,4 + 6 11% j10.7 |40.7 | + | 20.6 | 15.3 | =
7 27 1%.8 7.7 - 11.6 10.0 + 13.5 7.2 - 7 117 7.1 8.2 + | 17.2 | 15.1 +
8 25 [ 102 [ 9.3 | + 8.5 | 12.2 | - 12.¢ [17.9 | - 8 112 9.5 |10.6 | + | 13.9 1 20.4 | -
9 28 8.9 }10.1 | + 7.3 | 10.3 | - 21.8 | 13.9 | - g 11% 8.3 1 8.6 | + | 19.1 | 1B.6 [ +
2-6 0 22 5.81 4.7 + 6.5 5.5 | + 11,04 12.1 § + IS o a5 y,5 | 5.5 | + | 11.5 | 11.2 | +
4 22 Bk w8 o+ 3.9 4.9 | + 5.4 7.3 1 + i 87 5.8 | 5.8 1 + 8.7 7.1 |+
5 o | owab | bes| o+ | a8 | - | 115 |15.9 | + 5 g1 | #.o | 7.8 | - |10.6] 206 | -
6 23 5.7 9.6 | - 6.2 8.7 | + | 13.2|10.8 | + 6 75 1 5.7 1 6.1 | o+ | 127 8.8 1 -
7 2h 6.8 5.0 + T3 6.7 + 12,7 7.% § - 1 79 5.7 | 5.0 1 + | 12.2 8.6 | -
8 U B P I R T A B A 8.5|17.7 | - 8 79 |60 | 70|+ | 7vou| 270 -
E] 23 .81 7.0 - 4.9 7.9 | - 13.7 | 13.7 | + 9 81 6.4 | 6.4 | + | 15.4 | 16.9 | +
-6 0 22 6.6 6.5 | + 6.6 7.6 + 8.5 11.1 + I-8 O 84 6.4 | 6.6 + | 43.7 16.9 | .-
4 23 6| 6.6 + } 10,4 8.3 | + 7.7 5.9 | + i 85 6.5 1 5.9 | + 8.5 7.9 | +
5 10 3.7 5.8 |+ 4.3 12.0 | - 9.8 | 10.3 + 5 25 6.1 |[10.2 | - 8.0 37.7 % -
6 22 5.8 | 10.5 | - 6.2 7.8 |+ 6.3 7.5 | + 6 g2 5.1 | 7.2 | - | 1001 | o+
7 24 5.5 .2 | + 5.6 6.8 | + 12.8| 9.3 | + 7 95 b6 | 4.6 | o+ | 20.7 8.4 | -
8 2k 5.1 B.of 4+ 5.0 5.5 | + 11,01 10.2 | + g g5 4.1 | 5.7 | - T3 1h.1l} -
3 i5 6.1 | 5.0} + 3.0 b1 b 6.1 6.6 | + 9 53 6.2 1 w8 | - | 11.3| 0.2 | +
+ = Agreement Significance level 5%
= Disagreement
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{chapter 6.5)

caused by the operator and by the position of the sun

Table 30 - Systematiec deviations in the measuring of roof eaves
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Table 30 - {Ceontinuation)

Resti~
sution
Centre

Resti-
tution




Table 32 - Systematic deviations in the measuring of roof eaves.
Compilation according to Restitution Centres. Mean values
of four restitutions each carrled out by the same operator
and the mean deviation of the single vestitution in

"um in the image”

Pable 33 - Pispersion of the systematic deviations of roof

Resti eaves from differcences of two measurements
esti-

Restitution tution L a,' s ! 0 m

carried out by the sazme operator and of the
Centre

measurements made by different cperators in

1324 "um in the image" {chapter 6£.5)
(151: oper.)
Resti- dao da1 dso LIS Mg ™
tution
1%%0per. | 2-3 | +1.3 [+2.0 o s2.7 || 2.5 | 5.7 | 2.7
2-4 +3,2-2.3F -1.04§ 3.0 | 4.5 3.0

+2,2 | -0.1 +0.9 2.8 5.1 2.9

2 operd 5-7 | 1.5 )+5.2 | +10 2.5 | 5.3 | 2.9

+2.0 | -0.6 ~0.9 2.9 7.

Wl
i
=

1*% ana | 1-5 | +3.51-5.9 | +1.0| 3.8 | 7.0 | 2.3
2% cper.| 3-7 | +2.3 | +0.9 | +o.9 || w.a | a8 | b
2-6 4.0 | +1.8 | -1.4 ho2 | 3.7 0.7
4-8 +2.,0|-7.2 | -3.5(| 3.5 | 8.0 4.4

+3.0|-2.6 | -0.8 | 4.0 | 6.4 3.4

1324 - 5768 3) Z.8 4.5 1.8

(1St - 2ndnper3

o Mean deviations of the mean values aé, ai and s} obtained from deviations of the
four single values ag, a, and s, as compared to the mean values.

2)
Mean deviations of the mean values ad, aj and s} cobtained from deviations of these
ten and seven values respectively as compared te the overall mean ays & and Sy
respectively.

3)

Mean deviations of the mean values a}, af.and s} obtained from the sevon differences

of the values for the two operators of a Restitution Centre.




Table 34 - Compilation of some standard errors

(chapter 7.1}

2 =3 e A

1250

5801
910

5.5
3.5
3.0

15

12
8.5

i1y

4.6

390

%

1.9

189 1890
38 294

23
20
16

10

23

a2
1y

5.0
18
15
13

Z

11
31

29
19

o in cm in the

14574

300

2.7

6996
1094

17
15
11

21

Terrestrial measurement

terrain

terrain

Photogrammetric measuremen

(1698) | 9075
( 332)

my in pm in the image

m, In pm in the image

1979

2.7

X}

1427%)

17
14
14

24

15,17,18

15,17,18

15
17
18

18

3.15
3.80

3.85

2.40

Table 3% - Compilation of the ratios Vk and VZ of some

standard errors

{chapber 7,13

X}

without number of the e-points

Point from
a b [« d e

type table
Vk of m, in pm o in the i1mage

VM 1,20 1.10 0.9% 1.05 1.05 23

VB 1.05 Q.95 1.35 1.05 1.05 24

VS 1,00 0.75 1.00 ¢.90 0.95 26
VZ of m, in um in the image

VM 1.35 1.20 1.15 1.20 1.20 23

VR 1.05 1.40 1.05 1.10 1.10 24

Vg 0.95 0.95 0.80 0.85 0.8% 29

VM = photo scale 1:3 500 ; photo scale 1:6 00O

VB = 2nd operator :1St operator

VS = afterncon flights : morning flights




{chapter 7.2)

Table 36 - Standard errors in "um in the image" taken from some international tests
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LIST OF THE OEEPE PUBLICATIONS

State — November 1982

A. Official publications

1 Trombetti, C.: ,Activité de la Cormmission A de 'OEEPE de 1960 a 1964" —
Cunietti, M.: ,Activité de 1a Commission B de "OEEPE pendant la période sep-
tembre 1960—janvier 1064 — Forstner, R.: ,Rapport sur les travaux et les résultats
de la Commission C de I'OEEFE {1960—1064)* — Neumaier, K.: ,Rapport de la
Commission E pour Lisbonne* — Weele, 4. J.v.d.: Report of Commission F.* —
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