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Abstract

Method, at the disposal of surveying, for the compilation of

digital files of detailed, three-dimensional, topographic
data, consisting of co-ordinates of points in the terrain and
the corresponding topographic point codes, line codes and
plane codes; from at least three successive station positions,
either photographically, or electronically panoramic record-
ings are made from the surroundings of each station position.
Each recordings contains the entire horizon, from the zenith
to far under the horizon, so that a sequence of recordings are
obtained. In a next step, compared to the local horizon-plane,
the spatial directions are determined of each points in the
terrain to-be-defined using measurement means and calculation

means, which allow the determination with high precision, of
the distance between the centre of the recording and points

to-be-defined in co-ordinates and of the direction of the line
between the centre of the recording and the point to-be-defin-

ed in relation to a fixed orientation taken at random in that
recording. Special measuring instruments are used.
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A system of "Computer Aided Surve ing" for obtaininc dlltal

3D togograghic information

The invention relates to a method, at the disposal of survey-
ing, for the compilation of digital files of a detailed,
three-dimensional, topographic data, consisting of co-ordinat-

es of points in the terrain and the corresponding topographic
point codes, line codes and plane codes.

The last few years there has been a clear increase in the
demand for land information in urban areas: land information
being defined as very detailed topographic information which
continually relates to small geographic units, such as lots,

parcels section of streets, etc. and lang information also
being defined as information concerning detailed units them-

selves (among others the topography) and thematical informa-
tion which is connected to these units. |

This information is a necessity for peoples' housing, build-
ing- policy, town renewal projects, mapping of utilities real
estate tax, spatial management (road-, green-management),
construction of big civil-technical works, etc. etc.

tant element of the land information is the detailed topogra-
phic information, i.e. the (graphic, geometric) description of
the terrain with all its natural and artificial objects. The
problems which occur at the supply of this information are the
following:
- 1n the course of time the methods for collecting the
data are not changed in principal; ‘
~ the presentation of the information has always remained
two-dimensional. This despite the fantastic technical

powerful computer systems.
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This aim has been achieved according to the invention by that
taken from at least three successive station positions, which

do not have to be known in co-ordinates, either photographi-

S cally, or electronically panoramic recordings are made from
the surroundings of each station position, the recordings con-
taining the entire horizon, from the zenith to far under the
horizon, so that a sequence of recordings are obtained and
then, in a next step, compared to the local horizon-plane, the

10 spatial directions are determined, starting from the station

distance between the centre of the recording and points to-be-
15 defined in co-ordinates and of the direction of the 1line
between the centre of the recording and the point to-be-defin-

ed in relation to a fixed orientation taken at random in that
recording.

20 The system to-be-described here breaks through this impasse.
By use of modern technical expedients a new method for col-
lecting, processing and presenting topographic data has been
developed. Thus not only a new way of mapping becomes pos-
sible, but also the opportunity is created to present dynamic

25 3D images of built-up and unbuilt-on areas by use of these
data. The existing techniques for this, aerial photogrammetry
or the current terrestrial surveys, have their, rather big,
disadvantages, both of a technical as wel]l as a financial-
economical nature.

30 |
Application of the existing terrestrial methods for these so-
called detail surveys, ‘such as e.g. tachometry, becomes more
and more difficult in many cities, because of the increasing
traffic and parked cars. Besides that especially the next

35 points have to be known. This means that a rather extensive
minor control survey has to be executed which asks for a
strict organization. Every time at a survey prisms must be
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survey is an inconvenient circumstance.

Moreover the detail survey itself is very laborious and time-

consuming, since at every detail point to-be-measured also a
target (prism) has to be positioned.

This requires a large team of surveyors for which the organiz-
ation of the measurement in the terrain is an essential part
of the measurements. Such measurements become very expensive,
if the team is inactive due to bad weather Circumstances.

These disadvantages do not occur when the method to~be—descri-
bed here of" Computer Aided surveying" is applied. This method
is characterized by being able to make cutdoor recordings in a
very fast way, after which the images thus collected are
measured indoors. This new way of land surveying can pre-
eminently be applied in urban areas, areas with small streets

and high-rising buildings. In the process this method needs

less preparation, works faster and more productive (fewer

3D database via indoor work (now 2D).

With this new system thus a very detailed 3D-database can be
built-up. From them for example large-scale topographic maps
can be generated in a range of 1:250 - 1:5,000, with a high
precision.

Generally this system of "Computer Aided Surveying" aims for
collecting detailed metric information in a modern, fast,

others topographic maps can be made.
2. Summary of the invention

Land surveying is concerned with the determination of relative
positions of points on the earth's surface, in order to be
able to give information concerning the location and size of
geographic units. For this purpose almost every country has
one or more systems of co-ordinates, so that via measurements
of length and angles, co-ordinates of points can be calculated
in those systems. This invention distinguishes itself of all
the current methods because of the fact that measurements do
not take place in the terrain, but indoors, on pictures. These
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pictures are representations of the terrain, and the
measurement consist of recording certain quantities in

these pictures, via the use of a computer.

By this new system "the reality among us" 1s recorded
geometrically and three-dimensionally. The recording
occurs by means of photographic shots, in which afterwards
measurements are executed. Thus, the measurements are

executed in photographic pictures instead of reality

itself.

The basis measurement principle is easy to explain 1f 1t
is compared with the way in which we, human beings look to
the 3D reality around us. We do this with two eyes, which
enables to look at the surroundings in a spatial, 1.e.
three-dimensional way. Thanks to these Two eyes we are,
among other things, able to estimate distances and to see
depth. Closing one of our two eyes makes the perception
of depths impossible. This situation 1s comparable with
the system of the invention. For, making a photograph 1s
nothing more than representing the 3D reality on a 2D
plane, the photo-plane. One dimension has been lost and
thus it is not possible to reconstruct reality 1in an
unequivocal way. To do this additional information 1s

needed. This information is obtained by seeing to 1t that

at least two pictures. Thus we are able to calculate the
3D co-ordinates of all measurement points, which are

important in the build up of a detailed topographic

database.

In one aspect, the invention seeks to provide, a method of
a2 method of surveying for a compilation of detailed three-
dimension topographic data which consists of co-ordinates
of a plurality of detalil points on terrain and the

corresponding topographic poilnts on terrain and the

et 3 TG TN KA B Tt A . R L e g A U HER AV v L1l B reeee




10

15

20

25

30

35

P N REVRTT 5 TPy R T N I SEPEINPL L . . Ve R D =T OV PATENR A AR TR - - M L AT R Y . - . . o . . . .. Ol A da AR G BT A e e bl el e 1A

CA 02013871 2001-05-04

4a
corresponding topographic point codes comprising the steps
of:

(a) scanning photographically or electronically from
each of three successive station positions on the terrain
surrounding sald each station position to obtain a
panoramic récording of the terrain but without determining
the position of co-ordinates of the station positions, said
panoramlic recording subtending 360 degrees of the horizon
and extending from a zenith above said each station through
an angle 1n a vertical plane of at least 110 degrees, and
a distance bétween two successive stations being such that
each detall point occurs on at least two successive
panoramic readings to obtain a sequence of recordings,

(b) measuring on said panoramic recording an angle
between a first line extending between the center of the
recording and a detailed point to be defined and a second
randomly selected fixed line extending through the center
of the recording,

(C) measurlng on salid panoramic recording a distance
(r) between the center of the recording and said detail
point, sald distance (r) being a measure of the angle
petween a line extend to the station at the center of the
recording and sald detail point and horizontal plane
through said station to determine an elevation of said

detall point above the horizontal plane.

The 1nvention will be explained in greater detail with
reference to the drawing. In the drawing shows:

Fig. 1: a block scheme of the entire system of
surveylng via lmage-measurement;

Fig. 2A: the geometrical set-up for intersection;

Fig. 2B: the geometrical set-up for extended
intersection;

Fig. 2C: the geometrical set-up for the new system;
a combination of intersection and resection;

Fig. 3A: the recording vehicle in an urban area;

Fig. 3B: an exploded view of the recording vehicle;
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Fig. 4: a section of the recording-optics;

Fig 5: a situation-diagram of the mobile system;
Fig 6A: a recording on real-scale:

5

Fig 6B: the part of a recording which is used for measu-
rement;

Fig. 7: the elaboration system:

Fig. 8: the measurement procedure;

Fig. 9: an observation per point;

F1g 10: the calculation process in phases.

In order to come to this data it is very important to have a
fast and efficient recording, measurement and processing
system by way of which the recordings can be processed to a
digital database of co-ordinates and codes linked to them. The
invention at issue contains such a systen. Figure 1 shows a
schematic overview of the build up of the main parts of this
system of "Computer Aided Surveying".

The recording system, see Figure 3A consists of a car 1, a
camera 2, a stabilizing system 5 and directing software. The
camera is of the so-called fish~eye'type. This means that when
it is placed on the roof of a car, a surrounding picture 4 of
the environment is made. On this the entire environment is to
be seen, except for what is located in cone 3. Beside the car
and camera, a stabilizing system is present by which during
the recording sessions the camera is stabilized and the angle
ls read. The position data are important for the calculating
procedure to-be-used which will eventually have to lead to 3D
co-ordinates. Thus the recording system supplies recordings
and position data of the camera.

The measurement system, see Figure 7 consists of a measurement
unit 31, a microcomputer system 36 with two monitors 32 and 33
and directing software, in order to enable all subsystems to

communicate and to have the measurements executed fast ang
efficiently by an operator, The measurement system is unique
since with it all measurements can be executed at the office
under conditioned circumstances instead of in the terrain.
Measuring a point in two images can mathematically be formu-
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lated as executing a horizontal as well as a vertical measure-
ment in the images. Besides corrections for lens-distortion,
the software developed also takes care of on-line tests, i.e.
during the measurement, to check if the point which is measur-
ed simultaneously in both images is measured sufficiently

precise. Thus the measurement system supplies controlled and
coded observations.

6

The central calculating system subsequently has to be able to
process the large numbers of horizontal and vertical direc-

tions labelled by a code. This means that the directions in
the end will have to be converted to 3D co-ordinates.

Regarding the high requirements for quality in principle more
1s measured than is strictly necessary. On the other hand this
extra measurement is necessary, in order to be able to conduct
statistic tests on the observation material (the directions)
in a responsible manner. The central calculating system uses
world-wide accepted adjustment and testing methods. Thus the
calculating system supplies adjusted observations and from
them calculated 3D co-ordinates, supplied with point iden-
tifier and topographic object code.

3. Detalled description of the system and the working-met-
hod

- The geometric measurement plan

In order to be able to define the relative precision of points
in the terrain, land surveying requires a good plan of the
geometry that underlies it. Although at this new system the
measurements do not take place in the terrain itself, but on
pictures of the terrain, it still holds good that at this
method certain requirements for the geometrical measurement
plan are operative, among other things in relation to aspects
of quality. One could think of the so-called "strength of the

figure" and the influence on the eventual precision of the co-
ordinates.
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In order to define a point in co-ordinates the method of
intersection can be applied, if two basic points are known in
co-ordinates. In Figure 2A this is shown. The observations are
then formed by the four directions shown in the figure. 1In
figure 2B it can be seen that in this way, sSo by observing
directions, literally on the basis of two known points, many
other pdints can be defined in co-ordinates.

Then the question is how the co-ordinates of the basic points
can be defined. The solution here lies in the application of
the method of resection, as shown in Figure 2C. Here also the
shown directions form the observations. The points after which
directions are measured in turn have to be defined in co-
ordinates.

In the event that a street has to be mapped, in general not a
great many points will beforehand be known. Figure 2C, how-
ever, shows that they can be calculated in a correct geometric
plan. Among others one condition is that points in the terrain
occur various times on subsequent recordings. By means of the
so-called triangulation points (points that occur on at least
three recordings) geometric conditions arise. When the direc-—
tions belonging to them can be measured, adjustment takes
place and a network originates that has completely been defin-
ed for the directions. In order to be able to orientate this
network in space and to fit it into spa.ce for scale in an
absolute sense finally seven absolute co-ordinates are needed,
for instance (X, Y, Z), (x, vy, z) and a Z.

When thus a limited number of points 1is know beforehand, for
instance from terrestrial or photogrammetric surveys, then by
way of them other points can be defined in co-ordinates. 1In

~fact this measurement plan consists of the combined applica-

tion of intersection and resection. Simultaneously during the
measurements on the recordings, successively during the cal-
culations.

The recordings

The camera 2 of the recording vehicle, see Figure 3B, consists

of a specially developed fish-eye lens, see Figure 4. This
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camera is fitted up a stabilizing platform 5, that by way of a
hydraulic unit 16 can be raised from the‘car, through the sun--
roof. This enables the camera to take pictures from alpositiOn
only just above the car. The visual field 1s 400 gon (= 360
degrees) horizontally, and from the zenith 120 gon vertically.
Thus all kinds of points can be measured later, i.e. kerbs and
other street furniture, facades, roof-projections, etc., etc.,
see Figure 3A. The area in which the measurements on the
photograph take place is part of the visual field, i.e. 40 gon
above the horizon and 20 gon under it, round about. The op-
timum modulation transfer function is at 1 mrad. The ine-

The stabilizing platform 5, see Figure 3B, takes care of the
fact that the vertical axis of the lens coincides as well a

possible with the local vertical axis. This is achieved by
the position  sensors 12 and 13 and the servo-directed screw

spindles 9, by a fixed turning point 10 and a telescopic axis
with pressure spring 11. Thus the top-plate 7 is adjusted

horizontally as well as possible in relation to the under-

plate 6 which by the hydraulic unit 16 and 17 1s connected
fast to the recording vehicle.

The horizontal position of the platform is important in rela-
tion to the following processing of the pictures taken. Beside
the actual photographic image other data also have to be kept,
such as a number of order, date and time of the recording,
shutter-time, the orientation of the car, possible wryness of
the platform and the distance which has been driven in rela-
tion to the preceding recording. These data of a specific
series of recordings which belong to each other are stored

together in a file on floppy-disc 27 accompanied by a ride-
number. A central computer 19A and 19B takes care of the total

automatically by pressing a button on the recording-button 23
by the driver. On the monitor 20 of the computer 19A the
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see 1f and why something goes wrong.

Via Figure 5 the functioning of the mobile system 1 1is to be
explained as follows.

After the necessary preparations have been taken the ride to
the recording area is made. While this is being made the
platform 5 is locked and a green signal lamp 21A indicates
that driving is allowed. The photograph-numbering is reset.
The system is in a condition of rest 1 and 1is waiting for a
"new ride request" of the operator. . ;

When the car 1 arrives at the measurement area, the driver can
initialize a new ride by pressing a function key on the key-
board of the computer. The driver is compelled to give a new
ride-number to the computer and a new ride-file is opened.
Also the computer asks if time and data are still correct. A
correction of it is then possible. After the input of the
ride-number the screen signal lamp 21A lights again to show

that driving is allowed and the system returns to a condition
of rest 3.

—

In condition 3 it is waiting for commands by the driver. The
driver can now decide to make a recording ("photo request").

For this the driver presses button 23: the keyboard is not to
be used for some time. If all conditions for taking a photo-
graph are in order, then we go on to condition 4. The red
signal lamp 21B is 1lit and from that moment on the vehicle is
not to be moved anymore. The platform 5 is unlocked and the
stabilization of the platform is started, the system remains
in condition 4 until the platform has reached the horizontal

position. Should the stabilization not be effective, then this

is immediately shown via the monitor 20 and we return to
condition 3. '

When the stabilizing system reports that the platform is in a
horizontal position, the possibly still present rest-inclina-
tion is read-out by the computer 19B, and directly after this
the shutter-time is calculated. This shutter-time is also

read-out by the computer. If there is not sufficient 1light
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than the recording is refused and we return to condition 3.
This is reported to the driver directly via monitor 20. When
there is sufficient light in condition 5 the shutter is open-

ed. At the same time both date and time are projected and also
5 read-out by computer 19B.

When the film-exposure time is over we go to condition 6. The
platform 5 is again locked and the film 1n cassette 8 is
automatically transported one picture further. At the same
10 time the wheel-sensors 25 and 26 are read out which together
with the photographic data mentioned before have to be stored

on floppy-disc 27 in the open ride-file. Only,in the case that
the photograph which has just been taken was the first of the
ride, the distance meters are reset to zero.

15 The distance meters always count on after the first recording
during a ride, and are used as indicators for the moment on
which another photograph has to be taken. For instance every

15 meters. They also serve for the calculation of the orienta-
tion(s-change) of the recording vehicle 1.

20
After condition 6 the film in cassette 8 is transported and is
checked if the film might be entirely used. Is this the case
than it is reported immediately to the driver via monitor 20.
It may also be possible that the platform moved at the time of

25 the recording. This is also reported to the driver via monitor
20. The driver is now offered the opportunity to re-take the
photograph, in which case the photograph keeps the same num-

ber. In both cases we go to rest-condition 3, and the green
signal lamp 21A lights again.

30

The driver may now, in condition 3, decide to take a photo-
graph again, but as mentioned before, this will only be pos-
sible if all photographic conditions are correct. False condi-
tions are directly reported on the monitor 20 and a warning-
35 beep warns the driver about the message. Various false condi-
tions are possible, the film is exposed, the route is not
relevant, the car mbves, insufficient light, the floppy-disc
is full, etc. The driver can only ignore one of them, the one
relating to the route. This message can be over-ruled by a
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function-key of the computer 19A.

In condition 3 the driver may also decide to close a ride. To
do this he presses a function- -key on the keyboard of the

ride to the computer. This commentary may involve information
about for instance the weather-conditions or deviations in the
route. A maximum of 300 characters is possible. After this
data input the ride-file is closed, the film-numbering is
reset to zero and the green lamp 21A lights.

In this condition driving is permitted and the next photograph
can be taken. Driving included, one cycle, i.e. one photo-
graph, takes approximately 20-30 seconds. It is possible to
take hundreds of photographs before the cassette has to be
changed. Thus photographs and photographic data are produced,
of which the latter consist of: the driven route, deviation

concerning the vertical, shutter-time, orientation of the car,
ride-code/photo-number/time/date.

The measurements

After in a part of a cﬁity a number of photographs have been
taken in the way described, they are developed, etc. Then they
are cut to the right size and the further preparation for the

above the horizon in angle-size can be defined from the dis-

of searching for corresponding points, the principle of the

geometric measurement plan can be followed, as shown before.

For this purpose a measuring instrument 31 is d-esigned and
built, as shown in Figure 7. It is clear that two photographs
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are measured simultaneously, at which the format may be at a
maximum of 100 x 100 m. Beside the two (illuminated) measure-
ment tables 41 which can be rotated 42 and transferred 43 the
instrument also contains four CCD matrix cameras with special
lenses, two per measurement table 37 and 38 two monitors 32
and 33, back-ground memory, mouse 35 and keyboard 34, and this
is all connected to a powerful PC/AT* computer 36 working under
0SZ. Possibly in combination with an array processor, but in
any case with a working-memory of 16 MB. Also an optical disc-
unit is anticipated to serve as a pack-ground memory. In the
measurement-phase we work with images in 8-bits grey-tones,

and in this phase we do not apply image-editing. In a later
phase this emphatically is anticipated.

After the recordings have become available, the area measured
per block of approximately 40-50 recordings. For this purpose
diapositive pictures are used, which are put onto the measur-
ing instrument 31 in the same way, two at a time. So measure-
ment is stated with recordings 1 and 2, then 2 and 3, then 3
and 4, etc. etc. measurement is done by way of the measurement
tables 41, which can be rotated 42 and transferred 43, in such
a way that identical points that occur on two photographs and
are important for the measurement, can be placed under the CCD
measurement cameras in only one way, unequivocally. In the CCD
measurement cameras 37, one per measurement table, we can find
the measurement marks. Per photograph to-be measured the image
concerned is visible on a separate screen 32, 1n black and
white. This image covers an area on the photograph of 5 x 5
mm. Besides this the image of the measurement mark 40 is also
visible, a fixed place of the screen. It is the case to put
the point to-be-measured under the measurement mark.

Per measurement table 41 also a second camera §8 is available

for the necessary overview images. These images cover an area

ly via switching to the measurement cameras executes the
actual measurement. The route of the light 44 from the measur-
ement table 41 is used by both the measurement camera 37 and

#* - Trade Mark
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the overview camera 38; Separation takes place by ‘a semi-

transmitting mirror 45, in which case the overview camera is |
reached via mirror 46. On the measurement screen thus subse-
quently four images can be produced:
- - overview photograph 1, selection point, switch;
— measurement photograph 1, definitive selection
of position, switch;

- overview photograph 2, switch:
- measurement photograph 2, switch.

Switching when the measurement image is in correct position,
means storing the measurement. This means the table positions

in (r) and (). As soon as a point code has been added, via a
menu, the measurement is placed in a record.

The indication of identical points is done via a cursor on the

screen. The cursor is placed on the point that has to be put
under the measurement mark 40. After switching via the confir-
mation of the mouse 35, the measurement table quickly goes to
the place desired. This is achieved via transformation of
Screen co-ordinates and comparison with the read-out of the
actual position of the table, after which the differences are
neutralized.

In order to be able to find the identical points in a right
and quick way, on the second screen 33 the image which has
been recorded last is shown. Thus one can, while manipulating
photograph 1, use photograph 2 as a reference and vice versa.

This 1s necessary to have the measurement of corresponding
points in complicated images go in a fast manner. Thus the

second screen serves, among other things, to help the operator
to keep his overview. When identical points are looked for

(most of the actions) every time the penultimate overview
image is available.

image the so-called triangulation points are indicated. These

points, which have to be visible in at least three photo-
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14 |
graphs, are in principle selected by a calculation programme,
but the operator has to verify, if they actually occur on
successive photographs. Furthermore other relevant data can be

shown in this transitional image. Finally the second screen 33
has a third function for the measurement. To the measurement
also a code has to be given, and this is done via the screen,

in combination with the mouse 35 and a cursor, and in a menu-
programma. |

In practice the measurement procedure begins with starting the
pieces of apparatus 30, for instance in the morning. Then a
reset procedure is executed. This consists of putting in the
photographs always in the same way. On the photograph so-
called fiducial marks are visible which are in the same way
put into the photograph-holders. These photograph-holders
themselves are every time in the same position on the measure-
ment tables 41. When everything is thus positioned the elec-
tronic counters are reset to the zero position. This of course
only has to be done at the start of a measurement day, or as
soon as for instance a power failure has occurred.

When the reset procedure has been completed, administrative
information is put in, among which the data of the floppy-disc
in slot 47 in the computer 36, from the recording car. These
data are the start of the records with observations, records
which are registered per sub block.

The measurements can start, during which it is tried to measu-
re in one continual movement, so that little time is lost. The
working method here is as described before, see also Figure 8.
After in this way a pair of —photbgraphs has been measured,
after the application of calibration corrections and a conver-
sion for spatial directions a check for grave errors in the
measurements follows, if needed followed by an order to re-
measure one or more points. These on-line corrections, cal-
culations and checks are the first calculations, by the rough
observation materials. As soon as everything the record con-
cerned has been stored in the file of the sub-block concerned,
also provisional co-ordinates become known, and photograph 3
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can take the place of photographs 1, etc., etc.

Thus an entire sub block can be measured. This type of measur-
ement can be executed very fast; it only takes approx. 30-45
seconds to define a point. When a sub block has been dealt
with, the file in question is closed with relevant administra-
tive information. Thus the photographs and the information of
the floppy-disc from the car are elaborated to, per sub-block
of 40 to 50 recordings, a file of observations of two sets of

spatial directions (r) and () and the object code per point,
see also Figure 9, completed by a file of provisional co-
ordinates and the possible inclination during the recordings. -
This is all available via floppy slot 48 of the computer 36.

The calculations

With the observations which have been collected a series of
calculations is executed which are of a very complex nature.
The cause lies among other things in the fact that the obser-
vations not only have a value, but also a SO—called standard-
deviation and, perhaps, mutual relevance or correlation, all

‘this shown via the so-called probability model. In order: to

have it all stay surveyable and practicable the calculation
process 1s split up in a number of phases. For this see Figure
10.

As mentioned before a part of the calculation process takes
place during the measurement process. It actually is part of
it. Other measurements and calculations even take place before
the measurement process is done, they are those measurements
and calculations which are part of the calibrations of respec-
tively the camera and the measurement tables. For both these
processes software has been developed which has been closely
linked with the current measurement system 31, and so are part
of it. ' - o
The results of the measurement table calibrations are applied
per photograph, if necessary. This is done in the shape of
corrections on the observation values (r) and ( LP ). In this
way these observations are corrected for instrumental errors.
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Subsequently the corrected observations (r') and ( q) ') are
transformed to the camera axis-system, which is defined ac-
cording to a number of so-called fiducial marks and/or reseau
marks. Also a number of corrections is executed for lens-
distortion. The data which are needed for this purpose are
gathered via the camera-calibration procedures. After this
conversion of the in this way corrected observations after
spatial directions, i.e. per point observed two values (2 )

and ( (10 ), Plus object-code etc., takes place. All this per
photograph, as a part of the measurement process, as well as

The latter process is actually an on-line adjustment process
using the just now calculated spatial directions. This results
in corrections to the directions and in the calculation of the
co-ordinates by approximation, after introducing a scale.
Thus the co-ordinates by approximation of the triangulation
points and of the set up points (centre of the camera) from
where the photographs were taken, besides the spatial direc-
tions of all the points observed, and so also of the so~called‘

detail points, are known. Next an adjustment for the entire
sub block is done, during which the co-ordinates of the trian-

ordinates of the detail points can also be determinated. Then
with these process, after fitting this into a national system
of co-ordinates, as it were a "cloud of points" in that system
has been obtained, with a point code added to it per point.

4. Exploitation

The cloud of points (in (X,Y,Z)) mentioned befoye is converted
via an editing process to a number of digital products. For
instance on tape as base of a so-called plot-file in a certain

format, by which of a certain area a very detailed map can be
plotted by means of a computer directed plotter. Such a file

ls then sold at an agreed price per point on the map.
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We can also think of other products, i.e. those in which the
3D nature 1is used via for instance 3D cartographic presenta-
tions. Dynamic simulations are also possible, as well as

support of companies which manufacture aerial photogrammetric
5 products.

The invention consists of a system, that as an application is

international, and can be sold as such. ’

So besides the exploitation of the invention via products
10 mentioned before, the system itself can also be offered. Here
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We claim:

l. A method of surveying for a compilation of
detailed three-dimension topographic data which consists
of co-ordinates of a plurality of detail points on
terrain and the corresponding topographic points on
terrain and the corresponding topographic point codes
comprising the steps of:

(a) scanning photographically or
electronically from each of three successive station
positions on the terrain surrounding said each station
position to obtain a panoramic recording of the terrain
but without determining the position of co-ordinates of
the station positions, said panoramic recording
subtending 360 degrees of the horizon and extending from
a zenith above said each station through an angle in a
vertical plane of at least 110 degrees, and a distance
between two successive stations being such that each
detail point occurs on at least two successive panoramic
readings to obtain a sequence of recordings,

(b) measuring on said panoramic recording an
angle between a first line extending between the center
of the recording and a detailed point to be defined and
a second randomly selected fixed line extending through
the center of the recording,

(c) measuring on said panoramic recording a
distance (r) between the center of the recording and
sald detail point, said distance (r) being a measure of
the angle between a line extend to the station at the
center of the recording and said detail point and
horizontal plane through said station to determine an
elevation of said detail point above the horizontal

plane.
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2. A method as claimed in claim 1 wherein
sald measuring steps comprise placing in each of two
identical instruments one recording of two successive
recordings such that each detailed point which is to be
defined occurs on the two successive recordings and can

be measured therefrom at the same time.

3. A method as claimed in claim 1 and the
step of placing a camera for making a said panoramic
recording such that the optical axis of the camera
coincides with the vertical direction at the station
from which the terrain is to be scanned whereby the
camera 1s positioned in exactly the same position with

respect to the vertical.

4. A method as claimed in claim 3 wherein
sald camera comprises a metric camera having a fish-eye
lens and 1s fixed upon an adjustable stabilizing
platform disposed at the top of a motor vehicle,

an adjusting the stabilizing platform prior to
making a recording such that the optical axis of the
camera coincides with the vertical at the situs where

the recording is to be made.

5. A method as claimed in claim 4 and the
step of recording fiducial marks on each of the four
sides of each panoramic recording such that said marks
serve to 1identically position the recordings during

measuring.

6. A method as claimed in claim 2 wherein
sald two identical instruments comprise two identical
measuring tables such that two successive recordings can
be measured simultaneously whereby the co-ordinates of a
point to be defined can be calculated.
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7. A method as claimed in claim 6 wherein the

co-ordinates of the point to be defined comprise a
distance O and an angle ¢ that such a point to be
defined from each successive recording coincides with a

fixed reference mark on both tables.
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Figure 7:
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