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Ovptimal Emulsions for Large-Scale Mapping

(Test of “Steinwedel”)

.1.' “Introduction

' The planimetric accuracy of photogrammetric methods in large-scale mapping was
7 examined thoroughly in the previous test programmes of Commission C/OEEFE. As a
- result, a good understanding has been gained of the applicability and limitations of the
. photogrammetric survey method from the point of view of geometrical quality. The
tests to which I refer are those by Oberriet, Reichenbach, Dordrecht and Vienna.

. Another basic question in the photogrammetric survey method is the completeness of
' the survey. How much field data can be reliably interpreted and measured from. the
image. The volume of reliable data gathered is mainly of economic and practical impor-
tance but this has been a subject of controversy in the test programmes of a purely
geometrical nature as well.

Several tools exist with which we can increase the volume and reliability of image data.
One of them is targeting of some objects. Use of the correct emulsion is beneficial for
some types of interpretation, and proper illumination of the measuring device may be
as important in restitution work.

The survey agencies have usually adopted a particular emulsion for standard use in Jar- |
ge-scale mapping. At present, however, a great variety of different emulsions are avai- |
1able, both black & white, and colour. In this study an attempt will be made to establish
whether there are significant general differences, advantages or disadvantages in the
use of different emulsions in large-scale mapping. 2

]

The test "Optimal Emulsions for Large-Scale Mapping” was initiated and outlined by
Dr. Brinddpke. In 1981 both Commission C and the Steering Committee of the OEEPE
accepted the test for inclusion in the test programme of Commission C.

The prestudies were made by Prof. Kolb/in 1981—82. In 1981 a working group consist-
ing of Jaakkola, Brinddpke, Ké1bl and Noukka was established within Commission Cto
implement the project,

During planning of the test, three main aspects of the method were identified: image
quality, interpretation and accuracy. As stated above, accuracy has already been the
principal subject of several tests, and direct repetition of such tests would be very
unlikely to give any essentially new information. On the other hand, image quality, and
consequently its interpretation, have only very rarely been identified as important, so
they were given precedence here and accuracy was considered only so far as wasneces-
sary for the experiment. Apart from emulsions the other parameters were identified
from the nature of the large-scale mapping.

Three centres were established, one for each of the main aspects,

Functions of the Pilot Centre and analysis of the reliability of interpretation for the
various emulsions: Niedersichsisches Landesverwaltungsamt, Hannover, through
Dr. Brindiphke.




Image Quality, 2 photographic-physical test of the emulsion, bearing in mind the
different target-subsoil combinations: Ecole Polytechnique Fédérale, Lausanne,
through Prof. Kolbl.

Geometrical Accuracy, a geometrical test of the numerical restitutions of the highest
precision of the signalized points: National Board of Survey, Helsinki, through
Tec. Lic. Noukka.

Details of test arrangements and the results are presented in Chapters 2—7.

2 Project description
2.1 Objectives of the test

For the test field and the photo flight the following questions were of primary interest:
_ what are the absolute accuracies of signalized points for different emulsions?

— what are the optimum combinations of emulsion, target colour and subsoil that can
be measured?

— do any of the emulsions provide an especially good acuity, e. g. inthe case of eaves?
— are there differences in reliability of interpretation for the different emulsions?
In addition to the above main aims, it should also be possible to investigate other ques-
tions about large-scale photography such as:

_ what results do the different emulsions give when photo flights are made in cloudy
weather? :

— how does underexposure or overexposure affect the objects to be photographed,
e. g. targets, topographical objects?

2.2 Choice of test frames

2.2.1 Test area

In spring 1982 the Pilot Centre at Hannover chose a test area “Steinwedel” 15 km east of
Hannover (Figure 1). It has the following features:

— it covers about 400 x 600 metres;

— part of it is open and free for signalizing without interference;

— there are several different topographical objects (buildings, streets, waterfronts,
landmarks, meadows, arable land, etc);

— differences in height are insignificant.
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Figure 1 — Location of the test field




Figure 2 -Ae1‘1a1 photogfaph of the test field “Steinwedel”

2.2.2 Choice of emuisi()ns

For the test nine emulsions were chosen, which are described in more detail in Figure 5.

2.2.3 Aerial photography

The following parameters were chosen for the aerial photography:
— scale of photography: 1: 4000;

— camera: Zeiss RMK 30/23 with Topar 5,6 f lens;

16




photography to be completed by: May 9, 1982;

‘photo flight companies: Hansa Luftbild and Kirchner & Wolf;

- photo flight conditions:

—. partly clear sky with good visibility;

— Partly clouded sky (under the clouds);

_:* altogether 17 “flights” with different emulsions and conditions were planned;

flight course:

— each flight should produce at least two models of the test area for each round
trip;

."— the test area should be completely covered by one model.

“Further information about aerial photography is given in Chapter 2.4.

'2.3' Field preparations

: 2.3 1 Control survey

:Afli ground control measurements were carried out by the National Survey of Lower
Saxony, Hannover, and were guided by Dr. W. Tegeler.

The ground control included twenty stations altogether which were marked perma-
" nently with either steel or plastic pipes (Figure 4). The inserted caps permit all the
marks to be identified to an accuracy of 1 mm.

' The measurements were carried out with Elta 2 and SM 4 electrooptical tachymeters
" with automatic centring. The directions were measured with the Elta 2 in two rounds
~ and with the SM 4 in three rounds. The distances were calculated from reciprocal
measurements, whereby the zero point and scale corrections were determined from the
- Hannover calibration line before and after the survey.

The traverse network was computed in free adjustment and orientated to the land coor-
* dinate system with a three parameter transformation. The net adjustment included 87
" rédundant observations and the standard deviations of the coordinates varied from
+ 0,001 to + 0.003 metres.

2.3.2 Check point survey

In addition to the ground control stations, the test field included 113 actual check points
(Figure 4), of which 87 were determined with a double polar survey. The standard
deviations of the check point coordinates were up to £ 0.013 metres. The rest of the
check points were roof points without any coordinates.

2.3.3 Targeting

The twenty ground control stations were signalized with12 x 12 cm red-orange targeis
and fitted with 30 x 30 cm black contrast plates and two 10 x 80 cm white identifica-
tion stripes. All the control stations were visible from the air.
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'he 113 check points were signalized with four different colours according to the
lowing table.

-...  Background
Grassland | Soil Asphalt/ ?Og)f Shadow In 1
‘Target colour Concrete | (re tota
9 9 8 6 4 36
9 9 8 6 4 36
9 2 - 6 4 21
— 6 8 6 - 20
in total 27 26 24 24 12 113

The points were arranged in 36 groups, each having 3 to 4 points of different target
“colour, and spaced evenly over the test area. They were divided as follows:

Grassland 9 groups

Soil 9 groups
Asphalt 8 groups
Root 6 groups

Shadow 4 groups.

The target size was 12 cm x 12 em. Unlike the control stations the signalized check
points had neither contrast plates nor identification stripes.

. .In all cases there was effective aerial visibility.

' 2.3.4 Roof points
R The following objects were chosen to test the sharpness of the contours with the various
" emulsions (Figure 4):
20 roof corners and
2 x17 roof edge points.

.-Zf'I"he roof corners, which were easy to identify in the image, had no markings, whereas

- ‘the roof edge points were given marking stripes for identification. The distances

~ “between the marked points of the roof edges were measured terrestrially to an accuracy
“6f £1 cm.

'2.3.5 Topographical features

‘Altogether 32 topographical objects were chosen for further tests on the reliability and
accuracy of the interpretation, They represent a broad spectrum of different topogra-
phical features:

3 slope edge points
2 hedge corners
2 wall corners




4 building corners

3 field corners

2 fence corners

3 stakes

3 pole base points
6 road edge points
4 waterfront points.

A white marking stripe was placed at each point in order to avoid gross identification
errors. The positions of all the points were terrestrially determined with an accuracy of
about =1 cm.

2.3.6 RP test targets _ _
Three targets were placed in the field to determine the resolving power and for the
modulation transfer function test. Figure 3 shows the position of the targets in the
model. ARSIt

The targets were 70 x 300 cm r'esp..'7 0 x 200 c::'qi:_i.'_Thé:.bfeé'd.th. of the Yines varied from
4 to 20 cm, thus a resolution of between 49 L/ mmand 9 L/mm could be achieved with
photo scale My 1:4000. = o L L
The position of the targets in the field ;
— two targets were orientated with the sarallel to the flight direction in order to
avoid the influence of image m A~ in the middle of the model,
the second — C— closer to:the ed ;
— athird target— B — WaS;_érie ated p
determine the effect of the € mot _
All the targets were p_h_c'a’_c'og'r'é' in all the 171 ght:s_' in the test programine,

For photogrammetric restitution there Wi te 219 points altogether in the test field,
including the 20 control sta After targeting had been completed on May 8,1982,
the test field was waiched ight day, May 9, until the last flight
day, June 18. Although the & ints could not be avoided, some
of them could be replaced. :

All 219 points, however, c_ouiﬁ e identifiec
flights of the first two flig ‘sessions (the




4.2 signalized points

4.3 roof edge 4.4 topographic point

Figure 4 — Examples of points




1 Quantity of photographic material

e..1;7 planned flights were performed under two different light conditions using the
ine planned emulsions (Figure 5), as follows (see also Figure 6):

May 12 9 flights with 9 emulsions sunny
May 17 2 flights with 2 emulsions cloudy
May 27 2 additional flights sunny
June 4 I additional repetition flight sunny
June 18 3 additional repetitions flights cloudy.

‘The essential image material for the test, namely the results of the first 11 flights, was
thus collected during the four resp. nine days after the targeting.

. The only purpose of the six additional flights was to test other weather conditions,
“another camera and different colour filter, with the same film material.

The 11 flights in the privileged programme produced 35 models. Together with the
19 models from the additional aerial photography, there were a total of 54 suitable
models for the test work.

2.4.2 Quality of the image material

The quality of the photo material from the first 11 flights can be described as good to
very good. The image quality obtained during cloudy weather was definitely inferior,
as was expected.

One of the 17 flights (no. 13) was obviously overexposed and proved to be less suitable
already in the provisional test. It was, however, included in the test programme for the
sake of comparison, as were some models from the first 11 flights which were also
overexposed for testing purposes.

The navigation was almost always correct even though some models deviated slightly
from the planned flight routes. This resulted in a limited number of control and check
points. These models were also included in the test programme.

2.4.3 Representativeness of the photographic material

The 54 available models combine to give photographic source material with good and
varied characteristics. If eight models are omitted because of overexposure, there
remain 46 models (35 in sunshine, 11 in cloudy weather) axre very good and meet the
requirements of the test in full.

2,5 Organization of restitution by the participants

After the photographic material had been checked, 54 suitable models were available
to all the participants.
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By the end of 1982 the National Board of Survey, Helsinki, had {finished the precise
restitution, and the EPF Lausanne, had done the photographic measurements, s that
restitution by participants could start inJanuary 1983. OEEFE members were invited to
participate. A total of 18 institutes, authorities and private companies from seven
member countries joined the test (see Figure 7.

The participants were instructed to restitute five or ten models each and to send the
transformed coordinates to the pilot centre. The participants were to follow the
“Instructions for Restitution” (see Appendix 1), which were set up by the working
group. By October 1983 all the restitutions were finished and the computational work
was done in the pilot centre.

The 54 models were restituted 115 times altogether (Figure 7}, i. e., most of the models
were Testituted twice, several models up to four times.

Photoflights and Restitution

- a
Hr Emulsion ;122'.;. i%g%ig;ez /Em b:nsue grgtxl;?:;::sil:o:tg‘;sti
1 [Black+ | Aviphot PAN 200 PE Agfa 500 50 {0,J |rime high geod
2|ynite | PLUS-X Aerographic 2402 Kodak| 200 50 (0,1 |mediun medium medium
3 DOUBLE~X Aerographic 2405 Kodak 500 50 10,1 |rine higsr good
L Papnatomic-¥ Aerocon II L3412 Kodak 40 160 |0,06}v.rine lesa Thigh
5 High Definition Aerial 3444 | Kodak 8 250 §0,06]axtr. tne slow strong
6 |Color Aerochrome MS 2448 \50—53( Kodsak 32 #0 |0,1 [fine medium wedium
7 Ektachrome EF,Aerographic Kodak [ 40 |0,1 jv-rine mediua low
a Aerocolor Negative 20445 Eodak| 100 40 10,1 [v.fine BLED 5, 1ntid
9 perochrome Infrared 2443 Kodak 40 %2 10,1 |fine medism bich
Figure 5 — Used Emulsions
Flight] _ ’ o Flight| Exposure Number | Humber
strip-|{ Emulsion: i | Date: “Con=" | pime | Apert Remarks of |of plottd
Hr. 1982 ‘pany P * models | models
1 PAN 200 12.May oL, |1/1000] 8 normal., good 3 9
2 | PaR 200, 48, Jund . HLi.. | 1/600 6.5|overcast sky,good 3 6
3 |prus X 7 [12.May “xw F17500 | 5.6{normal, good 2 6
L | DOUBLE X |[A2.May li s | 4/706.1:5.6|nornal, good 2 4
5 | DOUBLE X 17.M87 | 17500 | 5.6|overcast sky,weak z )
& | Panatomic |12:Meyiii 1/700: | 5.6 underexposed, sharp 2 )
I 1/30Q0. " lnormal exposure % [}
L R overexposed, unsharp 1 2
7 | High Def. 12.May . normal exposed, unsh.2 3
- B R underexposed, | 2 4
B | C-Dia 2448|12.May |- normal, good | 2 5
9 | Dia 2448 }27.May |:- rormal, optimal 1 %
. ’ {underexposed, good 1 2
SRR T A overexposed 2 S
10 | Dia 2ua8. [17-May | overcast_sgky, good 2 S
11 Dia SO=397p12:May i normal, good 2 5
Cl R underexposed 2 3
12 hia S0=-397}27.May .| Lo L normal, v.good 2 2
TR RTINS f underexp.,very good 1 3
13 Dia 80-397| &.June | : overexposed, bad 3 ©
15 | pia 80-397} 18.Jung overcast sky, dark 1 1
BOTICRER R underexp.,bad 2 3
15 | pia 50-397| 18.dung: - ‘overcast sky,bad 3 5
416 | c-Hegativ |12.May o normal,very good 2 6
47 | cig-infraz 12.May normal 2 3
IRTRTEIOIN L inderexp.very good 2 4
' S : iiACloverexp., light 4 2
1-7 = black&white .- = Hansa Luftbild, Minster
8~17 = coleor P '.Ki_rchri._e'r & Wolf, Hildesheim i 54 115

Figure & — Resultsofl’hot thhts - Photomaterial available




: @-floak. number of
U8 Br.]  Name Instruments mark |plotted modelsd]
34 | Institut Photogram., Ziirich Wild AC 1 25 am 5
%5 Institut Photogram,, Lausanne {Wild BC 1 . 25 S
o1 T.andesvermessung Hannover Zeiss—Plan}comp 40 21
02 Inst.Aingew.Geoddsie,Frankf, Zeiss-Planicomp 40 [2)
- 03 Landesvermessungsamit Bonn Zeiss-Planicomp| 40 2]
. o4 | Landeswermessungsamt Kiel Wild AMH, RAP |45 S
09 Landesvermessungsamt Wiesbaden|Zeiss-Planicomp 20 5
06 Landesvermessungsamt Minchen Zelss—Plan}comp 40 5
07 | Limt Flurbereinigung LudwigsbghZeiss-Planicompi 20 5
c8 Fa.Kirchner&liolf, Hildesheim |Zeiss-Planimat 40 5
09 Fa. Rheinbraun, K&ln Zeigs-Planimat | #0 5
21 Photogram. Labor, Uni Aalborg |Zeiss-Planimat |40 5
23 IGN, Paris Matra-Traster ? 3
24 School IMilitary Survey,Newbury|Wild A 8 70 S
25 | Clyde Surveys Ltd.,Maidenhead |Wild A4 8 70 10
26 | Dep.Photogrammetry,Uni Londen |Kern DSR 1 25 5
29 Instituto Topografia, Milano Zeiss=FPlanicomp| 40 9
22 ITC, Enschede wild A 10 445 5

Figure 7 — Participants

Analysis of the image quality

‘In most cases, image quality is characterized by the well-known 3-bar test, with which
it is possible to measure how many lines per millimetre can be distinguished for a given
contrast. This is an efficient method provided the test is applied under conditions
: comparable to those when individual components (different films) are analysed or an
maging system as a whole is tested. It is not possible to predict the performance of a
‘complete imaging system even if the resolution of the individual components is known,
The 3-line test does not allow either prediction of the level of contrast which will show
a small object, for example a signalized point reproduced in an aerial photograph.

' A much more powerful tool is the modulation transfer function. A disadvantage of this
. function might be that one is dealing with a function which cannot in general be char-
- acterized by a single value. It is, however, possible, using the bias of the spread function,
! to define a very few parameters to describe the image quality. In the present study, the
: spread function was assumed to be a Gauss function needing only one parameter for its
description, but it became evident that, in reality, the spread function has a much more
omplex form.

3.1 Targets for the determination of the modulation transfer function

Special test targets were used for determining the modulation transfer function; these
targets showed up bars with gradually diminishing distances (cf. Figures 8 and 9). This
special form of test target was suggested after a series of Investigations of the test field
used by the Institute of Photogrammetry of the Swiss Federal Institute of Technology in
Lausanne (cf. [11}. The bar distances adopted for the test on Steinwedel does not, how-
ever, allow the determination of the whole range of the modulation transfer function,
as will be shown later; the analysis was therefore restricted to the central part of the
MTF, between 12 and 40 lines/mm.
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Figure 8 — Photograph of the test targets used for determmmg the modulation trans-
fer functlon. o

Figure 9 — Mmmphotographs of a test target on Agfa Pan 200 and Kodak Pana-
tomic-X films: et
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- Figure 10 — Overview of the test area with the position of the test targets used for
determining the modulation transfer function. Most of the targets were
orientated with the bars parallel to the flight direction in order to avoid
the influence of image motion; only one target was orientated perpen-
dicular to the flight direction in order to determine the effect of image

motion numerically
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“ continued Figure 11 — Density profile measured on a Colour film SO 397 {e) and the

computer-simulated density profile for a spread function
o= 28 pym (f}

Figure 11 shows various density profiles over the test targets; the object contrast of the
test target is shown in the upper part of the figure. According to reflectance measure-
ments, the clear parts of the targets reflect about 80 % of the incident light, whereas the
dark parts reflect only 1015 % of the light; this latter value depends mainly on the
angle of incidence. The result is a contrast of about 1: 6 to1: 8. In the photographic
industry a sinusoidal transition between dark and clear parts of test targets is very often
preferred to rectangular targets. Although sinusoidal targets have many advantages it
appears that rectangular targets give considerably more information as asymmetric
effects, caused for example by a coma of the lens, can also be controlled. Tinally,
rectangular targets can be produced much more easily than sinusoidal ones.

Different density profiles measured in aerial photographs are shown in Figure 11. The
measurements were done on a Joyce-Loebel microdensitometer. As expected, the
contrast between the bars diminishes as the bar distance decreases until finally the bars
can no longer be distinguished. The density reached at the highest frequencies does not
correspond to the mean of the minimum and maximum densities. Nevertheless, it
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should be borne in mind that the density is measured on a logarithmic scale. When the
density is converted into transparency values, these values correspond in effect more or
less to the mean of the two extremes. [t is evident that when reconstructing density ox
transparency values the nature of the characteristic curve of the film, the developing
process and the atmospheric conditions have to be taken into account.

3.2 Application of the spread function

In principle the modulation sransfer function could be deduced by direct comparison of
the reflectance curve and the corresponding density profile of the test targets. In this
case, it would be sufficient to determine the contrast reduction as a function of the bar

distances.
Ii _Ii' Y Lol
R =%’°‘L}ﬂ& - S TR . ()

__ 40
{max I min

Tn this formula R(v) is the contrast reductionfactor as a function of the frequency
(width of a bright and a dark bar togethen, I is the transparency (for diapositives) orthe
opacity (for negatives) in the image spacé Gndex 9 and the reflectivity in the object
space (index o). RPN - G

In comparing with a sinusoidal functic it would be necessary to adopt a correction
value. However, because of the strong granularity of the film and other irregularities,
this did not appear useful. Preference was given to a simulation method, whereby the
Fourier transform of the modulation transfer funiction, i. ¢. the spread function, isneed-
ed. Numerically this procedure has consideral

rable advantages, as the form of the spread
function can be estimated much mo reliably than the modulation transfer function.
For the present study, the sprea function asstmed to be a Gauss function with a
variable exponent (0); cf: ‘also Tig je12. In the formula below, xis the length of
profile J{x), with the dimensi jal to the transparency. N. B. the
definition of parameter g’ morly used in mathematics and

statistics.

Ix) = 2)

11 defined when the mathematical
Tigiite 13 shows a series of modulation
unction with varying o. Characteristic of
niform slope for frequencies
inctions with a flatter or steeper slope
ion. In this case it isnecessary to choose
te Gauss function with varying

expression for the spre difunctio
transfer functions ¢oIrespo
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Figure 12 — a) Two narrow bars with high contrast in the object space will show a

density profile in the image space corresponding to the sum of two
Gauss functions. If the distance between the two bars is @ then it
should just be possible to distinguish them on the photographs; the
transparency between the two peaks will be 25 % lower than the two

maxima
Spread function (heavy line) composed of two Gauss functions with

different o values (thin lines). The sum was reduced so that its
maximum corresponds to the higher Gauss function
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continued Figure12 — o) Reproduction’ of a rectangular signal in the object space
. using individual Gauss spread functions. Each individual

" emall rectangle (fine lines) is reproduced in the image by a

spread function, the amplitude of which is defined by the

" original light intensity. The sum of the individual spread

functions (thick lines)” gives a curve similar to a sine func-

““don which describes the transparency in the image space

d _Sa_me.-_ pr_ésé_nt'afiiéir'i_ ~as 120 but instead of the
_ _"f'rah_s'péi’ér_n::y T the density D= lgflr is shown. Note the
- asymmetrie f'o_rﬂi of the: density curve

A modulation transfer functlon Wltha fulé.:._t't'ér.'s._liopé is obtained when the base of the
injtial Gauss function is widened by: cp'mbi_ﬁipg it with a larger Gauss function with a
considerably lower maximum (cf. Figure 12 bk

(F= 2 2
o=k et 01
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figuxe 13 — Modulation transfer functions as spread functions corresponding to
. various Gauss functions; the values correspond to the sigma of the Gauss
function

© Purely theoretically it would also be possible to determine the spread function directly
. from the Pourier transforms of the object function and image function. This procedure,
" however, would be rather imprecise, as higher frequencies are strongly influenced by
the granularity of the film, and so had to be abandoned.

For practical applications, the original object function has been approximated by a
series of 1000 points generated by the computer. Subsequently, a sexies of spread func-
tions with different o have been used to calculate various image functions which have
been presented graphically and plotted. These simulated image functions are then
compared with the original density measurements and the function with optimum
coincidence is retained {(cf. Figure 11).

In formula (1), a o has been introduced which corresponds to the distance between the
inflexion points. This value has a special significance as it can be considered to be a

measurement of the resolution. For any 2 bars in the object space, whose images corre-
spond to 2 Gauss functions, the 2 images can just be distinguished provided the
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distance between the maxima is equal to the value of o (cf. Figure 12 a). The minimum
of the functionsis then 25 % below the two peaks. As the micron was chosen as the unit
of 0, the value 1000/0 corresponds to some extent to the resolution in lines per milli-
metre.

3.3 Practical results

Figure 14 shows an overview of the different films for which the spread function was
determined; the spread functions are given by their o values. As expected, black &
white film gives a much higher resolution than colour film. The difference is of the
order of 20—30 %. The results for the different films however show some irregularities
and the values are subject to considerable variation. Some of the variations within an
individual picture are due to the different positions of the test targets on the image
plane relative to the optical axis of the lens used. Nevertheless the values shown, which
represent a mean, should be only slightly affected by these variations.

In order to check the empirically determined modulation transfer function, efforts were
made to compare it with laboratory measurements. The Zeiss factory kindly placed at
our disposal modulation transfer measurements for a lens type similar to the one used
in the test (cf. Figure 15). The modulation transfer function for some of the film material
used was taken from Kodak and Agfa publications (cf. Figure 16). The modulation
transfer function resulting from these two components is shown in Figure 17. The funec-
tion was computed for a central part of the image r= 30 mm; other components, such
as the turbulence of the atmosphere or image motion, have been omitted. Nevertheless,

the results of this comparison coincide quite well as can be seen in the figure. This quite
good coincidence does not remove the reservations stated earlier. Particularly, it should
be kept in mind that the laboratory measurements axe also limited to a frequency range
of 10—40 Hz and extrapolation is not justified in reality.

An analysis of the modulation transfer function shows that image quality differs con-
siderably from film to film. The highest image quality is obtained with Panatomic-X
film, whereas colour IR film gives the lowest image quality; evidently image motion
was too high during the test, so the High Definition film could have given reasonable
results and seems to confirm these tests. The High Definition film seems useful only for
large-scale photography, when the.imageé motion is compensated as shown in other
experiments (cf. [2]). Cameras with such equipment would also facilitate the use of the
Panatomic-X film.

In Figure 18 some micro- enlargements of d1fferent 51gnahzed points are reproduced as
a better illustration, as the modulation transfer functions represent a rather abstract
way of describing image quality. These photographs demonstrate more vividly than
figures the high performance of the Panatomic-X film compared for example with
Double-X film. However, the measuring results do not seem to be affected by the
resolving power of the film. This is quite astomshmg at first glance and it seemsthat the
opucal system of the measuring instrurnent and especially the optical enlargement used
was, in most cases, madequate for the ‘high quahty of the photographs taken.
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K (NUM,AP.) = 8.0 K (NUM.AP.) = 5.6
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Figure 15 — Modulation transfer function of the lens type used for aerial photogra-
phy (Zeiss Topar A, ¢= 30 em). MTF for radial lines —) and tangential
lines (— — —), spectral range: 0.486 to 0.707 um, spatial frequencies: 10,
20, 40 lines/mm. (Courtesy of Zeiss Oberkochen)
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F1gure 16 — Modulation transfer function for some of the film material used; curves
from manufacturers information (Agfa: Agfa Pan 200, Panatomic: Kodak
Panatomic-X 3412, Dia MS: Kodak Dia MS 2448, C-IR: Kodak Color
Infrared 2443)
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4 Density control of the photographs

Apart from the resolution, photographic density plays a decisive role in quality evalua-
tion of aerial photographs. The intention was to give recommendations for the
optimum exposure of aerial photographs. As mentioned in the preceding chapter, itis
extremely important to include the characteristics of the restitution instruments in the
consideration of optics and illumination. Beside these objective quality criteria, the
experience of the operator, the sensitivity of his eyes and other individual factors
should also be included. In order to establish these different factors, the image density
in the surroundings of the signals in a selection of aerial photographs was measured
with a densitometer Macbeth model TR 524); for black & white films the density was
measured with a neutral filter whereas for colour films the transparency in the
3 spectral ranges was determined using status A filters.

The pointing quality was given by the quality code which the operators determined
during the measuring process. This quality code runs from O to 5:

5= excellent

4 = good

3 = measurable

2 = hardly measurable

1= not measurable, although the point is visible

0 = the point cannot be measured, or covered, signal lost or other reasons.

Code 1 was also attributed to points which showed up gross measuring errors. In order
to establish a relation between the quality code and the density, these values have been
presented graphically for all measurements. Figure 19 gives an example of such a plot
for Kodak SO 397 colour film. The figure shows that points on asphalt or bare soil are
much more difficult to measure than points on grassland, On the other hand, the
surroundings of points in grassland are in general much darker than for points on
asphalt. Hence points on asphalt are better measured on underexposed film while the
pointing qualities of points in shade will diminish.

In general, one gets the impression that the background of signals on black & white film
should have a density between 0.5 and 1.0 whereas for colour films the values should be
between 1.0 and 1.75. It is understood that these values must be considered as a rough
standard which should be more exactly specified. In this context, the photographs on
Panatomic-X film and on infrared false-colour film are of special interest as for both
films photographs are available which have been labelled as overexposed, normally
exposed or underexposed. These pictures permit investigation of the behaviour of the
quality code for varying exposures while all other conditions remain unchanged. Figure
20 to 22 show the range of the quality code and the density values for signals on asphalt
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and grassland and for signals in shade, for overexposed, normally exposed and under-
exposed films (the left rectangle stands for underexposed Panatomic-X film, whereas
the right side shows underexposed objects on infrared false-colour reversal film).
Signals on roofs and on bare soil have not been included as contrast conditions are
rather heterogeneous for these 2 groups. In order to ensure comparable conditions for
these quality evaluations, only the results of the measurements by the National Board
of Survey, Finland (Helsinki) were used, All these measurements were made on a
Zeiss PSK stereo-comparator. From these diagrams it can be seen that Panatomic-X
film gives the best measuring results when asphalt streets are exposed to a density of
0.7 to 0.9; points in shadow, however, can barely be measured under these conditions.
In order to ensure adequate quality for these points too, a longer exposure is preferable
and density values between 1.0 and 1.2 should be the aim for streets. Areas of shadow
would then reach densities between O 3 and 0 4,

]
"
o

ey G = signal in grassland,
asphalt W= wh1te, r— red,
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For false-colour film underexposed photographs are probably best, apart from black
signals and signals in shadow; on the other hand, overexposed photographs should be
considered generally unusable. Consequently, for roads, a density of between 0.6 and
0.8 should be reached in the infrared sensitive layer (the layer dyed red). Unfortunately
the present picture material does not indicate whether different filtering would provide
a more favorable colour balance for the various measurements. Previous experiments
suggest that optimum filtering requires a good balance between the densities of the
infrared sensitive layer and of the green sensitive layer for grassland. This means that
about the same densities should be obtained for these 2 layers. Such a balance can be
obtained by using an appropriate yellow filter, or alternatively a magenta or cyan filter,
depending on the illumination conditions.

It is also possible, with the aid of the quality code, to dxé'.w conclusions as to the quality

¢ certain advantages for the
) -black & White films, Whereas

ure. hypothes1s and will have

) eqfnetrical accuzracy of signalized

— the target colour W_1

In some emulsmns 1' was also possibl tudy th tence of different exposures on
the geometrical aceur '
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The accuracy was investigated by means of geodetically determined, signalized points
set up in the area as follows:

— 20 control points (see 2.3.1);
— 87 check points (see 2.3.2).
The photographic material comprised 54 models (see 2.4.1) of which 13 of a qualita~

tively and navigationally high level were chosen for the primary investigation. Later
seven additional models were chosen so that the test material also included different

exposures for some emulsions.

A summary of the processed models is presented in Figure 25.

Flight E . Weather Primary | Addit.

mulsion
model sunny cloudy set models
1— 31/33 Pan 200 * *
2 25/27 Pan 200 *
3— 82/83 Plus-X * * ‘
4— 66/67 Double-X * * :
5— 4/5 Double-X * * :
6— 20/22 Panatomic 3412 * *
6— 28/30 u Panatomic 3412 * *

6— 34/36 |o Panatomic 3412 * *
7—132/133 HD 3414 * *
8— 94/95 Dia 2448 * *
o— 13/15 u Dia 2448 * * :
9— 40/42 Dia 2448 * * ]
10— 26/27 Dia 2448 * * 1;
12— 32/34 Dia SO 397 * * ‘
15— s/6" Dia SO 397 * *
16—111/112 Negativ 2445 * *
17— 18/20 iR 2443 * *
17— 23/25 u IR 2443 * *
17— 24/26 ulR 2443 * *
17— 29/31 o IR 2443 * *
U Flight with a single u— underexposed
engine aircraft o= overexposed
Figure 25 — Flight models included in the geometric part of the test




5.2 Qbservations

The observations of the image coordinates were carried out at the National Board of
Survey, Helsinki, with a Zeiss PSK1 stereo- comparator, the accuracy of which was
checked with gridplate measurements (ISPRS standard test). The main results were:

residuals double measurements
{pm) . B {pm)
my; " my T my
left plate 25 3035 15 22
right plate 2,5 03,339 1,6 1,9

The measurements were done with a 12x optical enlargement. The size of the measuring
mark was 25 micrometres,

The image coordinate: measurements for thls test were done by observing the fiducial
marks once, the targets with-double pointitigs, and finally the fiducial marks once
again. The points were dIVlded into’ five dasses accordmg to their measurability
{Appendix 1). :

There were an average df '70 t'd_ 100

asurable points ':iig; model.

-p' otogrammetnc and geodetic
dition the coordinate system was
light direction and the Y-axis

t direction (X)), and perpen-
of the statistical investigation. In
+dY?) were used.

dicularly aga 5
addition, thg' discr
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5.4 Statistical investigations

The aim of the statistical studies was to establish whether significant accuracy diffe-
rences exist between emulsion/weather condition/target colour/exposures,

Because of the nature of the material and the number of observations, the analysis of
variance, the F-test of Fisher, the Student #-test and the nonparametric test of Mann-
Whitney (Wilcoxon rank sum test) were chosen as the methods of the statistical investi-
gation. A special program package, the SPSS (Statistical Package for the Social Sciences)
was chosen for the investigation.

In all tests, 5 9%, 1 % and 0.1 % were chosen as the levels of significance (chapter 5.5).

5.4.1 Analysis of variance

In the one-way analysis of variance the dependent variable (dX, ¥, dX¥) has one
factor A, which has categories A;, 7= 1,..p

The factors used in this test were:
— weather condition,

— flight/emulsion,

— target colour,

— exposure.

5.42 it-tests

The means of two samples were compared with the twotailed Student #-test. This test
assumes that the sample variances are equal; the F-test of Fisher was calculated to
compare the variances at the 5 % risk level.

Case A} The variances did not differ from each other:

A common #-test was applied. A “pooled variance” was calculated from the two samples
with sizes k¢ and %k, means m; and m, and variances s% and 55

(hy—1 sT+(ky—1 55

2 — s
(o — 1) + g — 1)

5

with degrees of freedbrf_}; Ay +k2 _%__2'..'.T.1"1ef'-}"—'{'ra.lué cofresp'onding to the difference in
sample means is ; TTWLmmae e

ml—mz R

(/h) + MRy

=

Case B} The variances were unequal:

An approximation for the #-valte w: "cél'"__ '1_:;1't'e'd_ with the same formula

my —my

=

VUG 1Ry + (53 /hy)




which does not follow the z-distribution, but its #-probability can be approxiﬁ;ém@ﬁ# o .:

treating it as #, but with degrees of freedom
(53R} A (527 )
(s3/ R/ ky — 1)+ (s3/ R/ Uky—1)

5.4.3 Nonparametric test of Mann-Whitney

Because the distribution of the discrepancies was not equal to the normal distribution,
and transformations (e. g. logarithmation) did not solve the problem properly, it was
decided to compute the nonparametric Mann-Whitney test (Wilcoxon rank sum test}
as well.

The Mann-Whitney test can be used to establish whether two samples belong to the
same population. The two groups are combined and cases are ranked in order of
increasing size. The test statistics U are computed as the number of times a score from
group 1 precedes a score from group 2.

From larger groups (more than 30 cases) it can be shown that U is fairly normally

distributed (with mean %nlnz and variance ”115"1"2 {ny+ny+ D) and U is

transformed into normally distributed statistics, Z [4].

5.5 The results of the tests

The tests were calculated separately with X-, ¥- and XY-differences (dX, 4y, dX1)
(see 5.3) when the influence of weather conditions or different flights was studied.
When investigating target colour and exposures only XY-differences are used. In the
figures of the test results given later the mean (m) and standard deviation (s} for the
real discrepancies as well as the same (M, $) for the absolute values are presented.

N N
m=2i#1Di — Zf=1(D,'km)2
N N—1
N N
¢2i=1‘DJ . Y i=1(pl-m?
N N—1

D;=(dX;, dY;, dXT;)

The results of the tests include also the number of observations and the level of signific-
ance {(see 5.4), which was coded as-follows:

* =5 SZp>1 U= almost significant
w =1 0hZp>>0.1% = significant
we= (010 =p = highly significant.
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5.5.1 Flight/Emulsion

In this part of the study all 20 models (Figure 25), both primary and additional, belong
to the tested set.

Analysis of variance

The analysis of variance, which was used in the comparison of the models, showed that
there were statistically significant differences between them. In a Y-direction the
differences were significant, whereas in X- and X¥-directions the differences between
models were highly significant,

The test parameters (m, s, M, § and the number of check points) are summarized
together with the results of the further tests in Figures 27--29,

F-, t- and Mann-Whitney tests
These tests were carried out by comparing the best model with the others.

The Mann-Whitney tests calculated alongside the r-test supported the results of the
t- test,

The results of the tests have been compiled in Figures 27—29.

5.5.2 Tlight weather

In order to investigate the influence of flight weather four emulsions were selected for
the test. These emulsions were Pan 200 and Double-X black & white emulsions and
Dia 2448 and Dia SO 397 colour emulsions. The test parameters (m, s, M, S and
number of observations} are summarized in Figure 30.

Analysis of variance *

‘was used to compare different types of
erences between types. However, from a

The purpose of thisp :
colours on the geometrical accu part of the test included only the
optimal exposties i €] :

the XY-discrepancies of the ¢

The one-way analysis of variance showed that there we ¢ significant differences
between target coloursi ral. Th upported by further tests, which showed
that the black target colour gave highly significant

which was red (Figure 31);-
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Clear sky Overcast sky
X vy X¥, X Y XY

Number of observ. | 284 284 284 | 207 207 207

mean {cm) 0.0 0.0 — [ ~0.1 0.0 —
standard dev. {cm) 1.6 2.2 - 1.9 2.5 —
M {cm) 1.2 1.6 2.2 1.4 1.6 2.3
§ (em) 1.1 15 16) 12 19 20

Figure 30 — Statistics for the comparison between different types of weather

iscrépancies | 1o
D :
No. of
at the check” I
Target colour poirits (cm). | check Level of significance
S .__.p_91.1.1’_cs F-test t-test M-W

White

2,98 s Hhk — -
Red = 070 | reference
Black::_ o — *dk Hk

Yellow -

parately in order to establish the

ulsions: As a result there were
W targets were concerned,
on. The numbers of obser-
d the maximum point errors for

very fevr o L
The results




W No. of Discrepancies at the
eather . .
Flight model Emulsion ch.ecl( check points (cm)
points M S Max.
Sun
Black & white
1— 31/33 Pan 200 25 2.2 2.0 9.4
3— B82/83 Plus-X 26 2.9 1.9 9.9
4— 66/67 Double-X 25 2.7 2.6 13.4
6— 20/22 Panatomic 3412 26 2.2 2.2 12.1
7—132/133 HD 3414 18 2.1 2.1 9.6
Colour
8— 94/95 Dia 2448 26 2.5 1.8 9.2
12— 32/34 Dia SO 397 27 1.9 1.3 6.3
16—111/112 Negat. 2445 21 22 1.8 8.6
17— 23/25 IR 2443 25 22 1.9 8.9
Overcast Sky
Black & white
2— 25/27 Pan 200 16 2.4 0.8 4.0
5— 4/5 Double-X 21 2.0 1.0 4.1
Colour
10— 26/27 Dia 2448 25 1.5 0.7 29
15— 5/6 Dia 5O 397 17 3.1 2.8 11.2
Figure 32 — Accuracy of the white targets on different flights.
XY-discrepancies at the check points
Weather . No. of Discrepan.cies at the
Flight model Emulsion Chf:Ck check points (cm)
points M S Max.
Sun
Black & white
1— 31/33 Pan 200 26 1.9 0.8 3.4
3— 82/83 Plus-X 27 2.3 1.5 7.8
4— 66/67 Double-X 28 1.6 1.0 4.0
6 20/22 Panatomic 3412 26 2.0 1.4 6.9
7—132/133 HD 3414 19 2.1 1.0 4.0
Colour
8— 94/95 Dia 2448 26 2.3 1.7 6.8
12— 32/34 Dia 8O 397 25 2.1 1.5 7.3
16—111/112 Negat. 2445 18 2.4 1.7 6.3
17— 23/25 IR 2443 25 1.8 1.2 4.4
Overcast Sky
Black & white
2— 25/27 Pan 200 19 2.4 1.3 4.2
5— 4/5 Double-X 23 1.6 1.1 4.0
Colour
10— 26/27 Dia 2448 26 1.9 1.6 8.0
15— 5/6 Dia SO 397 19 2.9 2.4 9.4

Figure 33 — Accuracy of the red targets on different flights.
XY-discrepancies at the check points




W No. of Diserepancies at the
eather . X
Flight model Emulsion chfack check points {(cm)
points M 5 Max.
Sun
Black & white
1— 31/33 Pan 200 7 2.5 1.5 4.4
3— 82/83 Plus-X 2 - 2.8 2.6 4.7
4— 66/67 Double-X. 7 3.0 0.8 4.3
6 20/22 Panatomic 3412 |-+ 10 2.6 12 4.2
7—132/133 HD 3414 4. 3.1 1.6 4.4
Colour R y
§— 94/95 " Dia 2448 10 3.1 1.5 5.8
12— 32/34 -Dia SO'397 ST, 2.8 1.3 4.9
16—-111/112 cgat L — — -
17— 23/25 2.8 1.1 4.5
Overcast Sky
Black & white .
2— 25/27 2.9 1.7 4.0
5— 4/5% 4.1 — 4.1
Colour
10— 267275000 1.6 5.8

15— 5/6°"

S

eck points (cm)

Max,




Analysis of variance

The one-way analysis of variance between models was calculated for each target
colour, The results showed that only the yellow target colour gave statistically signifi-
cant differences between models, These differences were highly significant.

F-, - and Mann-Whitney tests

As the results of the analysis of variance showed statistically significant differences
between models with yellow targets, the F-, ¢- and Mann-Whitney tests were employed
for this colour. However, the reliability of the tests is guite poor owing to the small
number of observations. The results are presented in Figure 36.

No. of Level of
Emulsion check significance
points | F-test #-test M-WH

Weather/
Flight model

SUN
Black & white
1— 31/33 Pan 200 13 - — —
3— 82/83 Plus-X 14 ek * -
4— 66/67 Double-X 13 - - —
6— 20/22 Panatomic 3412 14
7—132/133 HD 3414 12 — - -—
Colour
8— 94/95 Dia 2448 11 * — -
12— 32/34 Dia SO 397 9 — ok *
16—111/112 Negativ 2445 13 * - -
17— 23/25 IR 2443 10 — — —

QOVERCAST SKY
Black & white

2— 25/27 Pan 200 6 *Fx — .

5— 4/5 Double-X 11 — * *
Colour

10— 26/27 Dia 2448 11 — - —

15— 5/6 Dia SO 397 5 ok — ¥

L

The level of significance is coded as follows:

+ =5 % =p>1 0b=almost significant
s =1 00 = p>0.1% = significant
we=01%Zp = highly significant

Figure 36 — Results of the statistical tests with yellow targets between models
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5.5.4 Exposures

Of the test material measured in Helsinki three emulsions had different exposures
under similar flight conditions. These emulsions were black & white Panatomic 3412
and Dia 2448 and IR 2443 colour films (Figure 25).

Analysis of variance

The analysis of variance, which was calculated between different exposures for each
emulsion, showed that there were statistically significant differences only for the
Dia 2448 colour film, The results are presented in Figure 37.

: Discrepancies .
. A
. Flight . at the check No. of nalysis
Emulsion Exposure . check of
model points (cm) points  variance
M S
Panatomic 3412 6—20/22  pormal 20 1.7 76 no.
6—28/30..—1 Ap. 20 15 84 signif.
6--34/36 - +1 Ap. 22 16 60 diff.
Dia 2448 8—94:/9_'5: - ‘normal 25 17 73 almost
9—40/42 - normal ** 2.1 - 1.3 63 signif.
9=13/15 ~—1Ap. " 18 1.1 56 diff.
IR 2443 17—23/25." —1 Ap. 20 15 69 no.
17—24/26. =1 Ap. 20 14 58 signif.
17-18/20 " normal .~ 2.2 <15 74 diff.
CApL RS 220 44

F-, t- and Mahn-Whi't'ﬁey ests

_ ) n the different exposures of
Dia 2448 emulsion. The ts

el 8-94/95 differed significantly
cecording to F- and #-tests, and almost
es s

significantly according to the Mann-Whitn




5.6 Summary

From studies of the geometrical accuracy of the measurements done in Helsinki, we
may conclude:

Under optimal conditions there are no significant differences in measurability
between emulsions in terms of geometrical quality.

However, from the practical point of view the number of measurable points varies
considerably between emulsions and models.

Compared with the restitution of other emulsions the observations of Colour Nega-
tive Film 2445 in particular were influenced by the exceptional colours and the
instrument used for the restitution. '

According to this test flight weather has no significant effect on the geometrical
quality of the images, but it has great influence on the measurability of the targets.

The statistical tests showed that there were significant differences between target
colours in general. The black target colour gave highly significantly poorer results
than the others.

According to these tests the accuracy achieved with yellow targets is affected by the
emulsion employed, but owing to the small number of observations thisresult is not
very reliable.

Coverally it was noticed that the capacity of the source of illumination in PSK-1
was not high enough on some occasions, especially when observing dark objects,
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6 Analysis of the measuring precision of the signalized points

The photographs from the “Steinwedel” test-ficld were measured at 19 different
centres. This wide range of measurements allows some conclusions to be drawn about
the most appmpnate photographic material; another result is an interesting survey of
the measuring capacity of the different centres and part1cu1a:rly of the quality of the
photogrammetnc instruments used. An overview of the measuring results of the differ-
ent centres is given in Figure 39 and a detailed view of the measuring results of the indi-
vidual models in Figure 38. Figure 39 shows the mean observation erxors of the model
measurements, the mean deviation from the control points before and after correction
of systematic error components, and the total iimber of measured points per model.
The latter figure is of considerable importance when comparing the measuring results
as the quality of the points differ considerably, and centres which eliminated all points
which did not appear optimal m1ght have cons1derab1y improved the final results. Of
course all the values show a marked rariati m model to model. This spread is also
given in the table by the mean square exror, s that this vaziation can be included in the
analysis of the results o e

It is very clear that _the m. suring precision is de’t’ermixiéd mainly by the choice of the

to be made betwe
of spemai 1mporta age quality on measuring precision is
mert transformation with the 20
hotogrammetric instruments. It was
e used to correct for affinity for

not expe_a_cted tha
example.

finite elements was chosen
in'Xand ¥ were approxi-
1€its with a side length of
allcontrol points (point
ed from the principle that
rocedure was, however,
reference points for this
rol points measured by

where n is the total num
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Co-ordinate residueals
1] Picture Mean Total Pointing precision before after
a Exposure|Density| numbers |Centre|quality of corvection of systematic errors|cortection of systematic errors|Humber
codes | points
1 2 3 4 5 Tokal 2 3 4 £ Total 2 3 a 5 Tokal
0 ni(s) 0,92 17/19 22 3,01 14 30 a,2/06 | 1,6726 | 1,9/25 | 22714 | 1,99 | 3,7 | 2,3 3,0 3.4 3,28 | 2,7 | 2,00 1,8 | 1,7 2,25 83
0 n(g) 0,92 17/19 34 2,82 14 16 | 1,123 | 0,8/24 | 0,5/5% 0,78 | 2,6 | 1,7 | 1.8 1,96 | 2,2} 1,4 | 1,2 1,50 72
0 n(s) 0,92 25/27 3 2,69 113 6 | 1,6742 | 1,4742 | 1,418 | 1,275 | 1,46 | 3,2 | 3,2 | 2,0 1,9 2,90 | 2,7 2,0} 1,6 | 1,8 2,24 79
0 n{a) 0,92 25/27 5 3,19 113 a0 | 1,2722 | 1,5/716 § 1,0026 | 1,0/29 | 1,14 | 3,2 | 2.4 | 2.0 1,7 2,34 | 1,9 2,0 1,1 | 1,9 1,47 63
0 n{s) 0,92 25/27 35 3,24 113 7| 1,0735 | 0,779 | 0,5/40 | 0,5/t | 0,74 | 2,8 | 2,5 1,9 | 1,6 2,28 | 1,9 1,5 ] 1,2 | 0,9 1,46 79
] n(s) 0,92 31/33 1 2,72 13 1w | 1,90 | 1,174 | 0,9/25 1,31 | 3,5 | 3,3 | 2.8 3,26 | 2,6 | 1,8 ] 1,8 2,04 77
o n(8) 0,92 31/33 7 2,81 13 19 | 1,5/22 | 1,3/3¢ | 0,8/28 1,20 1,93 2,0 1,5 1,76 | 1,5 | 1,5 | #,2 1,37 67
] nis) 0,92 21/33 9 2,81 13 29 | 2,017 | 1,6/25 | s.6/30 | 1,412 | s,68 | 2,9 ] 3,2} 3,3 [ 2,7 3,41 12,5 1 2,4 | 2,01 1,6 2,16 71
] n(s) 0,92 31/33 21 2,39 113 a5 | 1,.8/24 | s,4720 | 1,2/25 1,47 | 2,7 | 2,5 | 3.5 3,03 ) 2,21 4,93 2,0 2,05 65
0 ni{Cc} 1,05 14/16 4 3,06 83 6| 1,516 | 1,9/28 | 2,1/33 1,91 | 5.5 | 4,4 | 3.4 4,37 | 3,7 | 2,7 | 2,2 2,79 54
] af{C} 1,03 24/26 22 2,37 93 16 | 3,1/36 3 2,7/32 | 3,2/ ¢ 2,03 | 3,6 | 3,0 6,2 3,55 | 3,3 | 2,6 | 2,4 2,95 54
] n(cy 1,03 24/26 34 2,60 93 23 3 1,2/18 | 0,7/25 | 0,8/27 0,91 | 2,1 | 2,6 | 1,6 1,94 | 2,2 | 1,4 | 1,3 1,65 49
o nic) 1,04 25/217 1 2,58 85 8 | 1,5/22 | 1,3/53 | 1,8/ 2 1,37 | 3,2} 2,4 | 0,6 2,66 | 3,0 | 1,7 | 0,9 2,20 50
0 n{c 1,04 25/27 & 3,47 85 5| 1,7/ 9 | 2,1/12 | 1,5/59 1,63 | 3,6 | 3,5} 3.8 3,731 2,9 2,8 1,8 2,20 53
0 nic) 1,04 25727 23 2,25 85 26 | 1,6/12 | 1,2/47 1,65 | 3,5 | 2,9 3,02 | 2,51} 2,0 2,14 38
: nis) 80/81 24 1,4/1t | 2,7/32 | 4,5/24 3,56 |15,8 | 5,7 | 5.1 6,17 |16,3 | 3,3 | 3,7 4,66 51
: n{s) 80,41 25 3.1/16 | a,sp12 § 2,8/11 | 2,6/32 | 2,92 | 6,0 | 3,8 | 4,3} 3,7 a,65 | 3,5 | 4,1 | 3,6 | 3,0 3,36 52
3 n{s) 0,87 82/83 1 2,35 113 17 | t,4744 | 1,3748 | 0,8/ 4 1,20 | 3,4 | 2,7 | 1.5 2,98 | 3,0 | 1,8 | 1,6 2,36 72
: ni{s) 0,87 82/83 6 3,16 13 25 | 2,8/17 | 2,8/18 | 2.2/21 | 2,0/32 | 2,35 } 6,1} 3,0 [ 3,6 | 3,2 3,85 1 5,1 | 2,9 2,7 2,9 3,31 66
4 nisl 0.87 82/83 21 2,48 13 39 {1,949 | 1,8/23 | 1.4726 | 1,4/ 6 | 1,69 § 4,0 ; 3,5 3,8 ] 3,6 3,7 0§ 3.3 | 2,7 2,11 1,9 2,59 65
] nis) o,87 82/83 29 2,95 113 28 | 2,6/12 | 1.9/28 | 1,628 | 1, 1/17 | t,78 | 4,0 | 2,1} 2,8 | &9 2,86 | 3,7 ¢ 1,81 2.1 1,8 2,33 61
n(s) 64,65 26 1,9/20 | t;6/25 | 0,9/37 L 1,114 [ 1,37 | 3,7 | 2,8 [ 2,6 | 1,5 2,67 1 3,8 | 1,8 | 1,2 1,2 1,91 n
n(g) 9,63 66/67 ] 2,43 183 13 | 1,5/42 | 1,2/54 | 0,7/ 4 1,33 | 2,7 | 2,5 | 2.4 2,59 | 2,5 | 1,6 | 1,8 2,03 7%
n(s} 0,63 66/67 4 3,08 113 13 | 3,023 | 2,6/32 } 2,5/34 ) 2,2/11 | 2,61 | 2,9 [ 4,0 | 2,8} 3,4 3,34 | 2,9 | 3,0 | 2,2 | 2,8 2,59 73
n{a} 9,63 66/67 23 2,1% 113 s | 1,9/ 6 ¢ 1,6/28 | 1,5/21 1,59 | 3,3 | 3,8 | 4,2 3,97 | 3,7 | 2,0 | 1,8 2,10 45
.~ n(c) 0,98 4/ 5 3 2,M 105 13 | 2,0/26 | 1,5/44 | 1,3/22 1,64 | 3,2 | 2,3} 1.8 2,56 | 2,7 | 1,8 | 1.4 2,07 59
X nic) 0,90 4/ 5 5 3,42 105 18 | 1,5710 | t,e013 | 0,8/38 | 0,726 [ 0,03 | 4,2 ) 2,0 ] 1,8 ] 2.1 2,29 | 4,0} 1,6} 1,21 0,9 1,78 62
-3 nic) 0,98 4/ 5 29 2,89 105 26 | z,a/ 5 | 1,7/32 | 1,6/39 | 1,9/ 3 | 1,76 | 6,1 | 2,7 | 3,1 3,35 | 4,7} 2,0 | 2,0 2,35 58
X nic) 0,98 6/ 7 2 3,51 104 2a | 2,279 | 1,876 ) 1,4/20 | 1,4/45 | 1,65 | 4,3 | 1,9 [ 3,0 | 2,4 2,76 | 3,3 | 2,5 | 2,4 | 1,5 2,05 60
X afc) 0,98 &/ 1 35 2,86 104 19 | 1,315 | 1,032 | 0,6/38 0,9 | 3,2 | 2,6 | 2,7 2,76 | +,8 | 1,6 | 1,2 1,45 62
% (4] 8/ 9 25 2,8/15 | 2,4/19 | 2,6740 [ 1,47 ¢ | 2,59 | 6,4 } 6,3 ] 5,3 | 3,2 5,77 | 4,0 { 3,4 | 3,1 ] t.5 3,38 56
mic-X| n(8) 15/17 25 4,379 | 3,826 | 3,4/3¢ | 3,9/20 } 2,74 | 9,6 | 4,7 | 6,1 ] 5.1 5,95 | 8,2 | 3,1 | 2,2 | 3,6 4,07 M
mic-X[ n(8) 0,9c t6/18 3 2,79 114 5| 1,6/39 | t,6/45 | 1,4/25 1,56 | 3,0 | 3,2 | 2,7 3,03 | 2,t [ 1,7 | 1,5 1,80 a2
mic-X| ni(s) 0,90 16/18 8 3,26 184 o | 2,318 | 2,1736 | 2,270 ] 2,072 | 2,00 | 3,2 | 3.3 | 2,6 ] 3.4 3,03 | 2,3 | z,3 | 1,9 | 4,7 2,98 82
mic-X|  n(s) 0,90 20/22 1 2,49 114 7| 1,652 | 1,1/47 § 1,1/ 8 1,37 | 5.2 1,91 1.8 3,90 | 2,5 | 1,5 | 1,1 2,03 78
mic-k[ n(s) 0,90 20/22 t 2,75 114 10 | 2,0742 ¢ 2,1/29 | 1,2/33 1,83 1 3,41 2,5 2,1 2,72 | 2,4 | 1,6 | 1,5 },90 79
omic-X| (5} 0,90 20/22 8 1,58 114 o | 2,317 } 2,4/21 | 2,4/33 | 1,838 | 2,17 | 3,9 | 3,1 | 2,6 | 2,4 2,88 | 3,1} 2,2 | 2,3 ) 1,6 2,21 78
mic-al-1n (S) 28/30 9 1,778 11,5712 | 1,3/30 | 1,2/27 | 1,41 | 3,4 | 4,4 ] 2,3 [ 4,0 3,50 | 2,2 | 1,8 | 1,9 | 1,4 1,79 75
omic-X}~in (8) 28,/30 29 1,519 | 1,7/ 4 | 1,473 | 1,5/45 | 1,49 | 2,8 [ 1.5 ] 2,3 ; 2,2 2,4 | 2,3 | 1,3 2,2 1,6 1,98 78
mic-X -0 (8) 9,43 29/31 1 2,93 13 14 | 1,525 | 1,3/48 | 1,1/38 1,23 | 2,9 | 3.7 | 2.7 3,26 | 1,8 | 2,3 1,5 1,92 77
omic-X|-10 (5) 0,43 29/3 1 2,72 13 1| 1,335 | 1,142 | 1,0/25 1,14 | 2,6 | 2,3 | 2,9 2,63 | 9| 1,8 8,5 1,70 72
ymic-A[~10 (8) 0,43 29/31 7 3,40 13 10 | 1,320 | 0,8/19 | 0,9/43 | 0,8/21 | 0,99 | 2,4 [ 97,89 | 2,1 [ 2,8 2,32 3 5,7 | .6 | 1,1 % 11 1,35 78
oinic-%|-10 (8) 0,43 29/31 35 4,21 13 2| o,3s/5 | oa,7/28 | 0,6/10 } 0,6/68 | 0,60 | 3,91 2,11 1,8 | 2,0 2,02 | 2,91t t3;0,81] 08,9 1,04 84
omic~X | +2/3 (8) 34/36 1 1.7/16 | 1,2743 | 0,9/51 1,19 F 2,2 13,18 2,6 2,78 | 2,0} 3,9} 1,6 1,77 -]
mic-X [ +2/3 (5) 34/36 34 3,08 | 1,037 | o,7/32 | o,5/11 | 1,51 ] 4,8 } 2,9 } 1,5 | 3,4 3,98 | 3,7} 0,6 1 1,0 | 1,3 2,09 15
.
Det. n(s) 130/131 4 2,73 114 28 | 3,2/24 | 2,7/22 | 3,2/31 | 3,3/ 9 | 3,42 [ 4,5 | 3,7 [ 54 2.8 4,42 | 4,5 | 1,6 | 1,7 | 1,7 2,36 68
Def ., r(s) 130/131 26 2,79 14 15 | 2,3728 | 1,843 | 1,1/22 | 1,076 | 1,80 | 4,1 [ 2,4 | 1,9 ] 4,5 3,05 | 3,7 | 1,4 | 2,0 | 3,8 2,57 72
Def . n(s) 132/133 22 2,59 114 20 | 2.1788 | 1,486 | 1,419 | 12700 ) t,79 | 3,0 ) 3,0 | 2,9 | 3.2 3,08 | 2,9 | 2,8 | t,8 | 2,0 2,60 72
Daf. -b (8} 134/135 2 1,76 113 19 | 2,8/%0 | 2,012 | 3,000 | 1,9/62 } 2,20 | 1,9 | 2,7 | 2,7 24 2,42 | 1,3 | 1,5 ] 2,06 | 1,5 1,58 71
DeE. -pis} 134/135 5 3,76 113 21| 0,976 | 0,620 | o,6/10 § 0,6/58 | 0,64 [ 2,0 | 2,3 | 2,9 ] 2,7 2,66 | 1,1 | 1,5 | 1,0 t,0 1,08 k|
nef, -B{8) $34/135 29 3,44 113 22 {2,678 § 2,2217 § 2,3/2% | 1,98/38 | 2,95 | 3.2 | 2.7 | 2,7 | 2,8 27 | 2,9 | 25| 1,8 2,0 2,14 72
Def, -D{s) 136/137 1 2,97 113 15 | 2,015 | 1,2743 | 1,038 | 1,3/ 2 | 1,27 | 2,3 ) 3,21 2,3 | 2,6 2,72 f 1,3 § 2,1 | 1,5 | 6,9 1,80 76
Def, - |--n{sy. |. 0,97 | 2687269 [ 1 § 3.1 101 9 | 1,t713 | 1,579 | 1,0/30 | 1,07 2 | 1,22 | 2,4 [ 2,9 | 1,9 | 2,6 2,46 | 1,9 § 1,8 1,5] 1,4 1,66 74
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15 pia S0397 niC} 0,93 3/ 4 25 2,59 a7 28 | z,4/11 | 2,2/17 | 1,8/31 2,04 [13,8 |15,7 [15,7 R T BT E 1 i i - R I P

15 Dia 801397 n{C} 0,93 5/ 6 1 1,99 85 22 | t,7/42 | 1,3/21 1,56 | 3,4 | 2,7 . 3,19 | 2,4 | 1,9 2,27
100 15 bia 50397 n{c) 0,93 5/ 6 [ 2,39 a5 28 | 3,3/10 | 2,5/33 | 1,7/14 2,48 F 5,71 3,3 | 2,6 3,73 | 5,0 | 2,8 | 2,2 3,19
a1 15 nia 50397 nic) 0,93 /8 4 2,01 a5 23 | 2,4/38 | 2,5/24 2,44 | 5,7 | 2,8 4,914 3,5 | 3,0 3,32
102 16 Color neg. n(s) 1,02 111/112 1 2,57 i13 10 1,9/32 1,2/68 i/ 3 1,45 a,2 3,0 3,8 3,12 2,8 2.0 2,3 2,30 ks
103 16 Color neg.| n(s) 1,62 | 111/112 5 3,21 1132 10 1,7/22 1,7/32 1.1/32 | 1,017 | %¥,44 | 3,3 | 2,7 | 2,2 | 1,8 2,60 | Z,i 1,6 | 1,3 [ t.4 1,861 7
104 16 color neg.| ni(s) 1,02 [ 111142 21 2,75 183 3z | 1,6/15 | 1,7/25 | 1,373} 1,3/10 | .49 | 2,5 | 3,5 | 2.2 | 4.1 3,00 | 2,1 | 2,81} 1,81 3,3 2,44 73
105 16 Coler neg.| n(s) 1,02 | 1117112 26 2,83 113 12 | 1,5¢738 | 1,081 § 0,7/21 § 6,771 1 1,09 § 3,6 1 2,3 1 2,6 | 2,5 2,59 | 2,7 | 1,7 | 1,15 1,9 1,77 1
106 16 Coler ned.| n(s) 113/114 24 3,3/21 % 2,7/68 | 3,2/ 6 2,85 [ 9,3 | 7,1} 9.8 7,94 | 4,0 | 3,3 | 5,3 3,71 69
107 16 Coler neg.| n{5} 113/114 25 3,8/17 | z,7/41 | 1,9/36 | 2,6/ 6 | 2,67 | 7,5 | 6,1 | 5.0 | 6.4 5,98 | 5,5 | 3,9 | 3,8 | 5,1 4,06 71
108 17 Colox IR nis}) 0,76 13/15 2 3,40 113 1% 1,827 | 1,4/32 | 1,473t | 1,022 | 1,45 | 3,5 | 3,0 | 1.9 | 2.6 2,78 [ 2,71 2,11 1,3 ] 1,2 1,89 85
103 17 Color IR nisy 0,76 13/15 7 2,58 113 15 | 1,444 | 0,8/28 | 0,6/26 1,06 | 2,91 1,8 | 2,0 2,30 | 2,2 | 4,7} 1.2 1,75 3
110 17 color IR nis) 18/20 i5 1,1/56 | 0,9/28 | o,5/19 | 0,5/ | o986 b 2,5} 1,7 1,819 2,16 § 2,1 | 1,3 | 1.1} 0,9 1,73 80
111 17 Color IR -~1D(5) 1,35 23/25 1 2,82 113 17 | 1,3/26 | 0,8/3t | 0,8/38 { 0,3/ 1} 0,96 } 2,6 | 2,1 | 2,4 | 2,7 2,37 1 2,2 | 1,7 | 1,3} 0,7 1,72 75
112 17 Color IR -1Dp(8} 1,35 23/25 3 3,31 113 7| 1,7/24 | 1,5/28 | 1,0/35 | 0,919 | 1,32 | 3,4 | 2,2 | 1,8 | 1,5 2,32 §{ 3,1 | 1,9 1,4] 1,2 1,99 83
113 17 color IR -1p(s} 1,35 23725 z3 2,48 113 a5 | 2,7/ 8 | 2,4/21 § 2,3/39 2,40 | 3,9 | 4,3 | 3,3 3,73 | 3,3 1.6 ] 1,4 1,76 55
14 17 Color IR [E:3] 24/26 L] 2,6/ 9 | 2,2/14 | 2,0/30 | 2,3/% | 2,18 | 2,5 | 3,5 | 3,5 | 3.4 3,48 | 3,11 2,6 | 2,4 | 2,1 2,47 62
i15 17 Color IR +D (8} 0,48 29/31 1 2,04 113 19 | 1,4740 | 1,0/25 | 0,8/ 9 1,23 | z,8 | 2,4 | 2,9 2,66 | 2,21 1,6 | 1,4 1,87 58
116 17 color IR +D (8} o, 40 29/31 22 2,29 112 33 | 3,041 | 2,1/22 | .3/ 7| 1.,2/10 | 2,45 | 4,8 | 4,0 | 2,0 | 3,3 4,11 | 3,9 | 3,6 | 1,7 | 3.1 3,47 &1

Figure 38 — Summary of coordinate residual errors before and after correction of systematic errors. The table gives the pointing precision and the coordinate

residuals divided into quality codes. Under column 1 of the pointing precision only the number of points is given, as points with quality code “1" were
not measured. The following column gives the root mean square exror teferring to the mean of the 2 measurements, and after the slash the number of
points measured. In the column “total” the weighted mean for all points measured is given; for the coordinate tesiduals only the mean square error is
shown and the total of points used for the section analysed is given in the column “number”. The first part of the table gives information on exposure,
film number and density. The abbreviations for the exposure are the same as in Figure 24. In the following column the mean density of the background
of points measured is given. Points with a rather heterogeneous background have been omitted. Beside the more or Jess subjective interpretation of the
exposture, the mean density gives an objective measure of the overall density of the picture. In the column under “centre”, the number of the pilot centre
and the type of plotting instrument are given (abbreviation as in Figure 24). The mean quality code characterizes the average pointing quality of the
signalized points for all the measurements (all measuring results are given in centimetres, referting to terrain co-ordinates, picture scale 1 : 4G00)
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6.2 Discussion of the measuring results

It is deduced that measurements on analytical plotters (Planicomp) as well as on the
different analog restitution instruments are affected by systematic errors of about
40 %. For the Planicomp, the mean residual coordinate error was reduced from 2.7 cm
to £ 1,8 em corresponding to & 7pm and £ 5 pm; for the analog restitution instru-
ments, the original value of £ 3.7 cm was reduced to 2.7 cm corresponding to = 10 and
£ 7 pm. [t is noticeable that a good coincidence is achieved between the pointing preci-
sion and the residual coordinate errors only after correction of the systematic error
components; on average, the pointing precision is only 30—40 % better than the
residual measuring error, whereas this deviation is nearly twice the pointing precision
before error correction. Further, after this correction, a strong correlation is observed
between the residual coordinate errors and the quality code for the individual classes.
On an average the residual coordinate errors vary by nearly 20 % from one class of
quality code to the next. This proves that the quality code has a real meaning and that
use of these values is fully justified in judging different photographs.

6.3 Influence of film type and signal colour on measuring precision

The residual errors obtained after correction of systematic error components can now
be used to analyse the influence of film type and the colour of the signals on the
measuring precision. It may even be possible to find which particular colour is most
appropriate for a particular land surface (asphalt, bare soil, meadow). To obtain an
overview of the optimal film types to be used, the mean square errors of the residuals of
all measurements have been grouped according to the film type used. Figure 40 gives an
overview of the results obtained. As in the preceding tables, variances of the standard
deviations are also shown. This table implies that colour film and infrared colour film
give a slightly higher precision than black & white films. The differences are slight and
rarely exceed 10 % but nevertheless seem to be significant. The same analysis of the
results obtained with stercorestitution instruments with floating marks of 25um
(4th group of instruments) gives just the opposite result, which at first glance seems to
be a contradiction. But it is quite easy to find an explanation for this phenomenon. The
résolution of the colour film and of the false-colour film resulted in the signalized
points beeing slightly larger than 40pm in the image, whereas with black & white films
and especially with Panatomic-X film, the signalized points are slightly smaller than
40 pm. During the measurement the very small points on this black & white film are
completely covered by the floating mark and consequently the pointing is less precise
than with instruments which have a properly adopted floating mark.

The colour of the signals has little influence on the measuring precision as shown in
Figures 41—43. Only black signals give considerably poorer precision than all the other
signals. For yellow signals it should be taken into account that practically all points
with this colour were in meadows and only 2 points were on bare soil. In all these cases
very favourable contrast conditions were obtained and measuring results were optimal
for all signals. As only two yellow signals were on bare soilit did not seem appropriate
to continue the investigation for the colour of the signal. Furthermore, the differences
in precision between white and red signals are minima and therefore better results are
obtained for red signals in shade, whereas white signals are better in meadows or on
bare soil.
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It must be concluded that under optimal conditions the black & white film gives slightly
better results than the colour film, the colour of the signal is of minor importance but
the most limiting factor for precision measurements are still the plotting instruments.
Of great importance are also the image quality and the signal reproduction. It seems
therefore appropriate to continue establishing norm for the quality requirements of the
film as for density, contrast and resolution.

Co-ordinake residuals

Flight Pilm Only analytical plotters
number All analytical plotters with floating mark 30 um
Mean Variance Mean Variance

Black & white films

1 Pan 200 1,46 t 0,15 {6} 1,29 + 0,04 {4)

{sunny}
2-5 Pan 200 1,80 £ 0,15 (30} 1,32 £ 0,01 (3}

{cloudy}
Plus-X |- 1,29 £ 0,06
Double-X

6 Panatomic-X 1,69 £ 0,07 {10} 1,34 + 0,17 (4}

7 High def. 0,93 - {1)

Colour films

8-10 Dia 2448 1,58 * 0,08 (12) 1,42 £ 0,20 (4
11=15 Dia 50-39%7 1,88 + ¢,08 (16} 1,7t + 0,22 (4)
— 1,55 £ 0,09
16 Color heg. 1,45 - (1)
17 Celor IR 1,61 £ 0,04 {7} 1,55 % 9,01 {3)

Figure 40 — Residual errors and variances {in cm) in signalized points for analytical
plotters according to film type. The number in brackets indicate the
number of models measured
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Black & white films
Colour of signals : Red White Black
(2} (1) (3)
a)
Yellow 6 £ 3 16 = 3 73 1
Red 12 £ 3 47 + 4
White 32 £ 5
Colour films
Colour of signals : Red White Black
(2) (1) (3)
b)
Yellow 11 £ 3 11 £ 3 45 £ 5
Red 22 43 £ 5
White 45 £ 5
Infrared colour films
Colour of signals : Red White Black
{2) (1) (3)
9]
Yellow g8 £ 2 13 £ 2 66 t 8
Red 6 £ 2 69 £ 3
White 39 ¢ 3

Figure 42 -~ Reduction of the measuring precision of the signalized points as for the
colour of the signals when analysing all the measurements done on
analytical plotters. The values give the mean reduction of measuring
precision and the corresponding variance {in %) from left to right (for
example: red is 6 % lower than yellow for black & white film)
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Black & white films

Shade Ground Asphalt

(5) (2) (3)

a
Meadow 6 4 16 £ 3 27 £ 3
Shade 12 £ 5 24 £ 6
Ground 73
Colour films

Ground Asphalt Shade

(2) (3) {5)

b)
Meadow 15 £ 2 18 £ 2 22 £ 5
Ground 1% 3 5% 5
Asphalt 3+5
Infrared colour films
Shade Ground Asphalt
{5) (2) {3)
]

Meadow 15 £ 3 15 £ 2 20 £ 2

Shade 3+ 4 10 £+ 4

Ground 4 + 2

Figure 43 — Reduction of measuring precision of the signalized points for the ground
cover for all analytical plotters. The table is to be read in the same manner

as Figure 42
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7 Reliability of photogrammetric plotting with different emulsions

7.1 Aims of investigation of the reliability of image-interpretation

In large scale photogrammetry two questions are of prior importance:

1. How reliable canacomplete and correct interpretation of features be expected
to be, using “aerial photography”?

2. How precise canthe photogrammetric plotting of signalized points be expected
to be?

An answer has been sought to the second question for the past 30 years, for instance by
the Commission C of the OEEPE, not only with respect to the precision of signalized
points in conventional black & white films (Oberriet, Reichenbach) but also with
respect to topographical features (toof points) in black & white films (Dordrecht, Wien).
In Chapter 5 a detailed account of the geometrical precision of measuring points is
given. In this chapter only investigations of the reliability of plotting in different
emulsions, will be described.

The most important criterias of reliability in photogrammetric plotting are:

— a given point must be found easily and must be identified and interpreted in a
correct way,

— the point must be measured within given tolerances, in a “secute way”.

If these criteria are n ot met, the photographic material will be unreliably to some
extent.

These criteria have been applied when investigating signalized and topographical
points; all restitutions of the different models with different emulsions have been
inspected for “missing of points”, i. e.;

— the point was 110t to be seen , was not perceptible, or

— the point was measured with a gross errar.

To establish the reliability of the different flight-dispositions the percentage of
“missing of points” has been determined.

7.2 Description of the present plotting results

The investigations were based initially on the results of the restitutions of the
17 flights, as described in chapter 2.4.1. Because of differences in illumination of the
test-field and in film exposure, the emulsions were divided into groups as follows.
There are 11 flights in sunshine:

3 with standard black & white emulsions,
4 with standard colour emulsions,
2 with special black & white emulsions,

2 with special celour emulsions.
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There are 5 flights under overcast conditions:
2 with standard black & white emulsions,
3 with standard colour emulsions,

and 1 flight severe overexposure,

This photographic material — in total 54 models— was restituted by the 18 participant
groups (see Figure 7) with:
11 analytical plotters {Plamcomp, AC1, etcl),
5 analog instruments; . g Piamma’t Al0,
2 analog instruments e g GH

was  found that the proportion of missing
ut 20 9 higher, and that the standard devia-
009 higher with respect to the analytmal
plotters also gave differing results: the preci-
he level of missing of roof points and

On first examination of the restltut
points with the A8 instruments was a
tions of the coordinates were eve:
plotters Similarly the other five anal

sion variation for roof points'was:abo
signalized pointS- Waé‘; not signi

e photo flight and should
sured — often without any

responding terrestrial




7.3 Missing signalized points

The precision of the determination of coordinates of signalized points is discussed in
Chapter 5; in this chapter only the results of the investigations of the reliability of
signalized points in different emulsions are given.

The question of reliability of interpretation and identification is interesting in several
respects:

differences between the emulsions in general, without distinction between of the
points,

the reliability of signalized points, first with respect to different target colours, but
also with respect to the background,

differences with respect to several combinations of target colour/background.

7.3.1 Missing points in different emulsions in general

If we do not differentiate between target colour and the background, we can derive the
following conclusions from the investigation (Figure 44, right column):

The percentages of missing points range up to 4 % overall, i. e., out of 100 virtually
measurable points there were 4 points which were not measurable at all (the black
tatgets are not included here). The absolute value of 4 % has little significance, but
this value is rather high in relation to careful signalization in the field and the
precise location of all points in the grid-reference map. But it should be noted thata
number of points were located in extreme positions (bright asphalt and concrete,
bright soil, shadow, unsuitable target colour etc) in order to test signalized points
in extreme circumstances as well.

The actual quota of missing points for the different flight-emulsion-dispositions is
of primary importazce.

The target colour “black” (Figure 44, column 9) results in a missing point rate of
about 30 % in sunshine, and as much as 50 % or so under overcast conditions; thus
we can conclude that “black” is not suitable as a target colour, not even for bright
surfaces such as asphalt or concrete. Panatomic-X and infrared colour film gave
more positive results; we can conclude that these emulsions have a higher sensitiv-
ity than the others to black targets. The black targets are not included in the follow-
ing discussion in order to avoid distortion of the results.

Generally, in sunshine, we can say that standard black & white films show a
slightly higher percentage of missing points (5 04} than standard coloux films (3 %);
this difference, however, is not significant if we consider the variation in results
within the two groups of emulsions

black & white 3—8 %,
colour 2—6 0b;

these are for flights in sunshine, arranged in groups for different target colours,
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Number in 9 of total numbers of sign. points
of
Emulsion Tlight Target colour Mean
No. odels resti- (without
w tutions | white | red |[yellow| black | black
Standard
Black & white 7 11 6 4 5 37 5
Pan 200 3 6 5 4 4 30 4
Plus-X 3 2 2 8 4 3 40 6
Double-X 4 2 3 6] 4 7 23 6
Colour 13 17 3 3 4 31 3
Dia 2448 8 2 2 4 5 6 24 5
Dia 2448 9 4 6 3 3 5 35 3
Dia SO 397 i1 4 6 3 3 3 33 3
Dia SO 397 12 3 3 2 2 3 41 2
Special
Black & white
Panatomic-X 6 6 10 3 3 3 6 3
High Definition 7 4 6 4 6 6 21 5
Colour
Negative 16 2 3 2 1 2 35 2
Infrared 17 5 6 3 2 3 9 2.5
hX 37 53 4 3.5 4 28 3
Overcast Sky &p
‘Standard
Black & white 6 8 7 7 6 33 7
Pan 200 ‘ 2 3 3 5 7 9 | 26 7
Double-X 5 3 5 8 6 3 40 6
Colour _ 8 11 6 6 5 60 6
Dia 2448 10 2 3 < 4. 3 45 5
Dia SO 397 14 3 5 9 7 6 65 7
Dia SO 397 15 3 3 5 6 6 70 5
¥ 14 19 6 6 | 6 50 6
¥
Overexposed [7, 1]
Standard
Colour
Dia SO 397 13 3 5 15 12 10 60 12
Figure 44 — Missing signalized points




Of the special emulsions, colour negative film surprisingly shows the best result;
also black & white Panatomic film is characterized by relatively few missing points,
at least if we compare it with standard black & white films, although here we have to
stress that the differences between the different emulsions are not very significant.

Under overcast conditions there is no significant difference between the emulsions
used: nevertheless, one a definite conclusion can be drawn, namely that an overcast
sky — and hence considerably less light — produces an increase in the percentage of
missing points; some rates are twice as high as in sunshine.

Fven worse than loss of light under overcast conditions is overexposure; this greatly
reduces the reliability of interpretation and identification of signalized points and
effects signalized points more strongly than nonsignalized points (Chapters 7.4
and 7.5).

7.3.2 Missing points for different target colours and different backgrounds

Signalized points are characterized by:

their colour (white, red, yellow, black);
their background (grassland, soil, asphalt, roof, shadow).

An analysis of the results of all restitutions gives the following conclusions:

Apart from black targets (Chapter 7.3.1), and without distinguishing between
backgrounds, we can discover no significant difference between the three target
colours (Figure 45, columns 6-8): this is as valid for standard films as for special
films, and is not dependent on light conditions. Disregarding the background, we
may conclude that all three target colours — white, re d, yellow - give results of the
same gquality.

If we analyse the five different backgrounds (Figure 45), areas of shadow generally
produce very bad results, as could be expected. Significant differences, however, are
seen for missing points in shadow with standard black & white films on the one
hand and the new colour diapositiv film SO 397 and the two special emulsions on
the other.

Besides shadow, asphalt is definitely not suitable as a background (column 6). The
reason for the bad results is the overillumination of the targets by the bright asphalt
and concrete. For all emulsions the only way to avoid this is by adding a dark
contrasting strip round the targets.

It is surprising that targets on roofs produce the best results; obviously the dark red
colour of roofs provides an optimal contrast with the target colours used {(column 7).

Overexposure increases the number of missing points, particularly with bright
backgrounds (soil, asphalt); unfortunately there is no corresponding improvement
in recognition in areas of shadow.

If we consider just the points in shadow for infrared colour films— the photographic
material generally shows bad results — this particular film has the lowest percentage
of missing points. Infrared colour film is the most effective one for reliability of
interpretation, and this applies to signalized points as well.




Sun %1—

B . in % of all points Mean
Emulsion le\}%ht Grass- Asphalt {without
' land Soil Corfcrete Roof |Shadow| black)
Standard
Black & white 2 4 5 1 17 5
Pan 200 1 2 3 5 2 13 4
: Plus-X 3 1 5 8 0 18 6
Double-X 4 2 3 3 1 20 6
Colour 2 2 3 1 8 3
Dia 2448 8 3 3 4 1 12 5
Dia 2448 9 1 1 1 0 14 3
Dia SO 397 11 2 3 3 1 4 3
Da SO 397 12 2 2 3 1 4 2
Special
Black & white
Panatomic-X 6 2 1 3 1 6 3
High Definition 7 0 3 9 -6 (54) 5
Colour
Negative 16 0 1 2 0 5 2
Infrared 17 0 1 .1 0 10 2.5
> 3 4 1 9 3
Overcast sky &p
Standard
Black & white 6 10 12 3 1 7
Pan 200 2 11 14 9 0 ] 7
Double-X 5 0 6 14 6 1 6
Colour 6 6 8 2 5 6
Dia 2448 10 3 8 9 2 2 5
Dia SO 397 14 8 8 7 3 7 7
Dia SO 397 15 5 5 8 2 6 5
5 5 8 9 3 3 6
Overexposed [* N
@ndard
Colour
Dia 80 397 13 4 17 20 6 10 12

Tigure 45 — Missing signalized points on different backgrounds




— Tigure 46 shows a matrix distribution of the missing points for all possible target-
colour/background combinations; in this figure Plus-X black & white film is used as
an example representing average film quality. Apart from the results already seen
the figure shows that the rarely used combination “yellow on a roof” gives the best
results; for the combinations used in practice, the combination “yellow on grassland”
gives the best results. The matrix shows the white targets to be somewhat unreliable.
Red targets give the best results for areas in shadow. An overillumination by asphalt
or concrete cannot be avoided with any target colour, not even with “black”.

Missing  points in % - Example: PLUS X

Target-Color Mean
%
(without
white red yellow black soil)
Grasland (i) W0 o’ yd 1
Soil
’ o o’ 5
2| Asphalt
g Concrele 8
2
&
m
Roof 0 Iy
. . 0
Shadow 18
8 4 3 40 6
Figure 46 — Target colour/Background
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7.4 Missing and precision of roof points

The precision of roof points was the subject of the OEEPE test, “Dordrecht” (QEEPE
Publication No. 13: Timmermann, Roos, Schiirer, Férstner, “On the Accuracy of Photo-
grammetric Measurements of Buildings™.

The “Steinwedel” test does not discuss accuracy and precision of roof points in general
but deals with potential differences in reliability and precision of roof-point measure-
ments with different emulsions (see also Chapter 2.3.4).

The results of the restitutions are given in Figure 47. Tt is generally noted that the rate
of missing roof points is substantially lower than that of signalized and topographical
peints. This is obvious from the fact that buildings are the most easy to identify even in
bad aerial photos, and that measurement of roof points is possible here — even though
the results are poorer,

The figure first shows the standard deviations of coordinates from the calculated values
for the roof points; the next column shows the standard deviation of photogrammetri-
cally derived roof distances (between parallel roof edges).

The roof corners and roof distances have a similar precision; the precision of the roof
distances, which is better by 10—20 96, indicates that short distances do not include
systematic image deformations. Because of the small variation and greater clarity in
demonstrations it may be possible to state a “mean” value for the precision of photo-
grammetrically determined roof points in general.

The results imply the following conclusions:

As with signalized points:

— measurements with colour films are slightly — but not significantly — better than
with black & white films;

— under overcast sky conditions the precision is about 50 % poorer and the level of
reliability (missing points) is poorer still;

— o emulsion gives significantly different resuits from the other emulsions;

— because the precision of the roof distances is almost unaffected by systematic image
deformation, these roof distances clearly imply that there are no significant diffe-
rences between nine emulsions,

7.5 Missing and precision of topographical points

Thirty-two topographical points of different types were distributed in the test field (see
Chapter 2.3.5), (Figure 48 and 49). In a first analysis of all the restitution results
(Figure 50), all the points were analysed. A second analysis used only three selected
groups of points with a similar shape:

6 foot points of walls and buildings,
5 corners of green vegetation (grasstand, hedges),

6 borders between water and grassland.
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sun ¥5

Missing Precision [cml
Emulsion Fgght ‘?f
0. points O Ok
i) corners distances Mean
Standard
Black & white 1 6 5 5
Pan 200 1 1 5.8 4.2 5
Plus-X 3 2 6.6 53 6
Pouble-X 1 5.3 3.9 5
Colour 2 5 4 4
Dia 2448 8 2 5.1 3.9 4
Dia 2448 9 1 5.0 3.3 4
Dia SO 397 11 2 5.6 4.1 5
Dia SO 397 12 2 53 3.4 4
Special
Black & white
Panatomic-X 6 0.5 5.9 4.0 5
High Definition 7 2 4.6 4.4 4
Colour
Negative 16 1 4.4 4.5 4
Infrared 17 1 52 4.9 5
¥ 1 5 4 5
Overcast sky é:k,
Standard
Black & white 5 7 5 6
Pan 200 5 6.7 6.0 6
Double-X 5 6.7 4.2 6
Colour 4 7 7 8
Dia 2448 10 1 6.7 71 7
Dia SO 397 14 4 7.8 7.7 8
Dia SO 397 15 5 8.5 6.7 8
5" 4 7 6 7
Overexposed [, 7]
Standard
Colour
Dia SO 397 13 7 6 6 6

Figure 47 — Missing and precision of roof points




For all points the following conclusions can be drawn:

In sunshine the topographical points are equally perceptible and measurable for all
emulsions; the number of missing points is the same for all emulsions. High Defini-
tion film is an exception, because this emulsion gives high contrast and thus
“swallows" many details.

In sunshine precision seems to be lower for black & white films, but not significantly,
as there are only small differences between the emulsions, and these are greater than
those between black & white and colour films.

The best results of all are produced with infrared colour film.

Under overcast conditions, there is a clear deterioration of the total result: the preci-
sion is worse by about 50 9%, and the number of missing points increases by up to
five times as many. Definite proof is lacking, however, that the better results with
colout films are due to the colour emulsions.

Fromthe specif id 'iﬁ\:r:estigétibn of the three selected groups of points (Figure 51)
we can say:- ' i

The résults are similar to those of the general investigation.

The results for the special emu

3 10 ns (without High Definition) seem to be very
good. Infrared colo b et




SUNSHINE
Black & white Pan 200 8

%ii?w

QVERCAST SKY
Black & white Pan 200

Colour Diapositiv 2448

Figure 48 — Topography in large-scale photographs, Type “Grassland corner”
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SUNSHINE
Black & white Pan 200 Colpur Diapositiv 2448

Panatomic-X Colour infrared

OVERCAST SKY
Black & white Pan 200 Colour Diapositiv 2448

Figure 49 — Type “Water borderline”
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Sun ﬂ
Number
Emulsion Flight of Missing Precision
No. resti- poits O [cml)
models tutions %
Standard
Black & white 7 11 3 17.5
Pan 200 3 6 2 19.8
Plus-X 3 2 2 3 15.2
Double-X 4 2 3 4 17.0
Colour 13 17 3 14.3
Dia 2448 8 2 2 3 12.7
Dia 2448 9 4 6 3 12.7
Dia SC 397 11 4 6 3 17.6
Dia SO 397 12 3 3 3 14.1
Special
Black & white
Panatomic-X 6 6 10 2 15.8
High Definition 7 4 6 6 17.0
Colour :
Negative 16 2 3 2 14.4
Infrared 17 5 6 1 13.0
> 37 53 2 15
Overcast sky 621\_9
Standard
Black & white 6 8 16 21.2
Pan 200 2 3 3 17 22.0
Double-X 5 3 5 15 20.2
Colour 8 11 11 23.3
Dia 2448 10 2 3 8 © 183
Dia SO 397 14 3 5 13 22.5
Dia SO 397 15 3 3 13 29.5
5 14 19 13 22
Overexposed [, 7]
Standard |
Colour ;7 .‘
Dia SO 397 13 3 5 10 24.0 :

i
Figure 50 — Missing and precision of topographical points I




Sun j\if

. Wall corners Grassland- Water-edges
. Flight corners
Emulsion
No. o or o
9 9
e L% om0 % rem
Standaxd
Black & white g9 8 5 8 8 20
Pan 200 1 6 8 4 7 5 18
Plus-X 3 10 7 6 11 8 23
Double-X 4 12 8 5 7 10 21
Colour 7 7 7 9 7 19
Dia 2448 8 5 6 8 9 4 20
Dia 2448 9 10 6 10 9 10 18
Dia SO 397 11 6 8 4 10 5 23
Dia SO 397 12 8 7 7 9 6 17
Special
Black & white
Panatomic-X 6 4 6 0 & 2 18
High Definition 7 4 7 4 11 4 21
Colour
Negative 16 8 6 3 8 0 18
Infrared 17 10 4 8 4 i6
5 8 7 6 8 19
Overcast sky {Q}Q
Standard
Black & white 21 9 18 11 10 32
Pan 200 2 20 8 16 11 15 40
Double-X 5 22 10 20 11 5 25
Colgur 25 9 12 12 13 38
Dia 2448 10 15 o 10 o 3 26
Dia SO 397 14 35 8 15 12 20 40
Dia SO 397 15 25 9 12 14 15 48
¥ 23 9 15 11 12 35
Overexposed " A%
Standard
Colour
Dia SO 397 13 40 12 5 11 35 35

Figure 51 — Missing and precision of selected topographical points




7.6 Summary of all results

This summary gives a general view of all the investigations of reliability of the “Stein-
wedel” test. For this the results for the films used and restituted are summarized and
combined into groups (Figure 52).

The general view allows a comparison between black & white films and colour films,
and a further comparison between standard films (black & white, colour} and special
films. High Definition film is of no interest here, because it gives results which differ
considerably from the average for the other films.

7.7 Conclusions for further investigations

The photogrammetrical results of the “Steinwedel” test are not very
uniform; as presented they will not provide further information about the
differences in quality of different emulsions;

this is true at least for black & white films and for standard film material colour
films.

If there are to be further restitutions, the specifications for plotting instruments and
methods should be much more restricted; only analytical plotters should be used.

In spite of the lack of significance in the differences in quality between black & white
and the colour films, it is still not known whether there are economic advantages in
for instance using colour films, or in finding topographical points by a quicker
method than with colour films.

Further investigations should be made of special emulsions. When setting up further

tests with these emulsions the use of Forward Motion Compensation cameras
should be tried.

Also further interest is the question of what differences will be found between
several flights using the same emulsion but differenttest— fields ofthe same
conception and arrangement.

There are still no precise and definite criteria for judging the reliability of interpre-
tation and identification,

When awarding contracts for photo flights to companies and institutes more precise
and rigorous conditions for exposure and film development should be prescribed.




Sun %}

Number Reliability Precision
Emulsion. - of._ missing 'po;nts in % O [emd
‘ resti- +—
tutions | Sign. Roof Top. Roof Top.
Standard
Black & white 11 5 3 5 18
Colour 17 3 2 3 4 14
Special
Black & white )
Panatomic 10 3 0.5 2 5 16
Colour ' ‘
Negativ 3 2 1 2 4 14
Infrared 6 2.5 1 1 5 13
Overcast sky &b
Standard ~ = _
Black & white 8 7 5 16 6 21
Colour 11 6 4 11 8 23
O{rerexposed
Standard
Colour
Dia SO 397 5 12 7 10 6 24
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Figure 52 — General view of results




Emulsions

Light General Black & Colour Special
white films films emulsions
With good tllumi- No significant difference | Special emulsions
nation and with between black & white give at least as
correct exposure and colour films. good resulis as
Sun there are no black & white
significant differences | Colour films give slightly films; some are
between the different | higher reliability for even better than
emulsions. Special signalized points. colour films.
emulsions give
certain advantages.
Under overcast No significant difference
conditions the results | between black & white
Over- are 2—4 times poorer. | and colour films,
cast Points with a poorer
sky structure suffer Colour films give slightly
mostly from reduced | higher reliability; their
light. precision seems to be
slightly poorer than that
of black & white films,
OVEI’EXPOSUIE giVES
Over- even poorer results
exposed | than overcast

conditions.

Tigure 53

— Summary of results
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Appendix [

OEEPE-TEST “STEINWEDEL”

Instructions for restitution

1 General information

A test on "Optimal Emulsions for Large Scale Mapping” was included in the test
programme of the OEEPE in 1981, The main objective of the test is to investigate
whether or not there are significant overall differences, advantages and/or disadvan-
tages in the use of different emulsions for the purpose of large scale mapping. The
pre-studies and preparations for the test were carried out during the winter of
1981—1982. The test area “Steinwedel” (near Hannover, West Germany} was ready for
use in May 1982. Details of the test field, such as lay-out, number and planimetric
accuracy of the ground control points, groups of coloured targets, roof corners and
topographic features, are shown in the map.

Aerial photographs were taken at a scale of 1: 4000 (f*= 30 cm) with nine different
emulsions in May—June 1982. Most of the emulsions were used in both sunny and
overcast weather. The detailed list of photographic material, as it can be made available
for this test, is given.

The aim of this part of the investigation is to study the measuring accuracy of different
targets and topographic features in large-scale photography using different emulsions,
and to study their interpretation quality.

In addition, the influence of various colours used for targeting will be analysed. The
first part of the investigation is carried out at two separate pilot centres:

— The photographic-physical quality of the photogrammetric material is studied at
the EPF, Lausanne.

— The geometric quality of the film material and the measuring precision as a function
of the imaging quality is treated by the National Board of Survey, Helsinki (mea-
surements by stereo-comparator).

2 Restitution
2.1 The measuring instruments

The measurements should be carried out on precision stereo-plotters (analog instru-
ments or analytical plotters) with numerical registration devices (not comparators.
The size of the floating mark should not exceed 30 pm in photo scale.

Before measurements, the measuring instruments should be checked by grid-plate
measurements. The calibration statutes have to be proved by monocular-grid-plate
measuring (15—25 points, point spacing 5 cm).
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2.2 QObservation procedure

An total of 222 points should be measured stereoscopically in two independent series.
A series of measurements consists, as a rule, of:

— 20 control points

=~ 114 signalized points

— 20 roof corners

— 34 roof edges

— 32 topographic features.

As a rule, the measuring sequence is free; nevertheless it is recommended that the
indications in the joint map at a scale of 1:1000, be followed.

In particular it should be noticed that the topographic points Numbers 881—886 and
891—894 have to be measured a second time with numbers 635—644 as shown in the
index map. ‘

881 635 883 637 885 639 891 641 393 643
882 636 884 638 886 640 892 642 894 644

2.3 Point number
The point number are composed of three digits, e. g. 248, according to the following
principles:
1. digit: 0= Control point {in Planicomp it can be 9
1—4 = Signalized point (colour)

5=Roof corner ‘ '

6= Roof edge

8 = Topographical feature.

2. digit: According to the background of a target

1 = Meadow

2 =DBar soil

3 = Asphalt or concrete
4 = Red roof

5= Shadow,

3. digit: The high numbers marked on the 1 : 1000 map are the group numbers accord-
ing to the location of the point and refer only to the stignalized points.
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2.4 Quality judgement

In the first measuring series, each point should be evaluated according to the pointing
quality (according to its appearance in stereovision) by coding with a number placed
immediately before the point number:

1 = not measurable

2 = hardly measurable

3 = measurable

4= good

5 — excellent.

The points with quality code 1 willnotbe registered but they should be listed in special
list attached {general remarks on the restitution).

The point number of the first series consequently has the following format:

2436: 2= quality code,
436 = point number.

For the second serie the number has only 3 digits, e. g. 436.

2.5 Transformation

The coordinates measured should be transformed into ground coordinates by the
Helmert transformation. The transformation has to be done separately for the two
series of measurements, The transformed coordinates should be listed in the following
form:

No x ¥ h
2147 442,601 639,633 7,219 (1. round)

In addition, the residuals, as well as the standard deviations of the control point coordi-
nates after the Helmert transformation, should be listed.

The transformed coordinates should preferably be sent on magnetic tape in the follow-
ing form:
1. Line {record); The combined check number (see 2.6).
2. Tollowing lines (records): transformed coordinates: No, x, y, A
Format: (I 13, 3F 12.3)

Note: In each model, which consists of two rounds, the first point number is the
combined check number with arbitrary x, y, A-coordinates (which will be
eliminated later),

Last records: grid-plate measurements, same format as before.
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Tape marking: without label
9 channels
1600 BPI
EBCDIC—Code
records and blocks fixed
lenght: 1 block = 1 record = 80 characters
end two TAPE MARKS

2.6 The combined check number

The combined check number includes information on the operative centre, flight and
model. It should be printed in the first row (see 2.5) and is composed of 12 digits in
three parts:

1. part :digits 1 and 2 : A code for each operative centre Hannover e. g. “01"

3. digit ! Zero 5
2.part : digits 4 and 5 : The flight number 01 ....17 {(see App.)

6, digit : Zero

3.part : digits from 7 to 12: The model number, e. g. 023025
Example: 010130023025 !

! 3 Communication

Each operative centre should complete the restitution work within about three weeks.
After restitution and transformation the results are to be sent to the Pilot Centre:

Dr. W. Brindipke

Landesvermessung

Warmbiichenkamp 2 .

D-3000 Hannover 1

Tel.: 0511/16 73-260 or
/16 73-0

The package should include:

— 1 magnetic tape (sec 2.5)

— Documentation of the transformations (see 2.5)
— Photographic material L

— General information about the restitution

— Information on the state of calibration.
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