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(57) Abstract: The invention refers to a method for determining the
position of measurement points (12, 3, 14) in a physical environment
(20), using a mixed reality smartglass (11) having a measurement appli-
cation, wherein the mixed reality smartglass (11) is worn by a surveyor
(1) performing the measurement. The method comprises the following
steps: a) placing a virtual spatial anchor point (5) on a predetermined
position in the physical environment (20); b) scanning the physical en-
vironment (20); ¢) checking the result of step b) if there is a need for at
least one marker (15) to be placed in the environment (20); d) taking at
least a predetermined number of pictures from the environment (20); ¢)
determining the position of the measurement point (12, 13, 14) relative
to the virtual spatial anchor point (5) in each picture; f) calculating the
position of the measurement point (12, 13, 14) from the pictures; and g)
repeating steps d) to f) for each measurement point (12, 13, 14).

Fig. 1




WO 2020/011978 PCT/EP2019/068819

1

Method for Determining the Position of Measurement Points in a Physical

Environment

The present invention refers to a method for determining the position of measurement
points in a physical environment, using a mixed reality smartglass having a measurement
application. The mixed reality smartglass is worn by a surveyor performing the
measurement. In the method, the physical environment is scanned and a number of
pictures from the environment comprising a measurement point are taken to determine the

position of the measurement point.

Methods for determining the position of measurement points in a physical environment
using a mixed reality smartglass having a measurement application are known in the prior
art. Usually, tracking systems of mixed reality smartglasses use cameras and various
sensors to identify features in the environment in visible light. The system triangulates its
position based on the observed features, and supplements this information by fusing high
rate data from the inertial measurement unit to produce a continuous position estimation for
the head mounted display in the environment. The position information is used by both
applications to render a scene and by the system to correct this rendering for any mis-
prediction in time and position. Information on the environment is stored so that the tracking

system can recall environment specific data such as the physical location of objects.

By use of this position information, smart glass applications define holograms comprising
presentations of objects and features of the current environment of the smartglass and
display them to the user wearing the head mounted display. This involves positioning and
orienting those holograms in the environment. For this purpose, spatial coordinate systems,
for example based on Cartesian coordinates are used in which the recorded geometry is
defined. As the device repeatedly scans the environment to determine a more and more
precise model of position information, these virtual spatial anchors can adjust their position
relative to one another as needed to ensure that a virtual anchor stays where it was placed
relative to the environment. However, in particular for applications with physical dimensions
of more than five meters, holograms in stationary coordinate systems may experience drift
when the user is far from the origin of the coordinate system. This results in dimensional
deviations in measurement applications for example already in apartments where an

accuracy of about 1.00 % is desirable.
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Therefore, it is an object of this invention to provide an improved method for determining the
position of measurement points in a physical environment using a mixed reality smartglass

which results in a higher accuracy of measurement applications.

An improved method for determining the position of measurement points in a physical
environment using a mixed reality smartglass having a measurement application is
achieved by the solution of the independent claim. Further developments of the invention

are provided by the subject matter of the dependent claims.

The invention proposes a method for determining the position of measurement points in a
physical environment, using a mixed reality smartglass having a measurement application.

The mixed reality smartglass is worn by a surveyor performing the measurement.
The method comprises the following steps:

a) Placing a virtual spatial anchor point on a predetermined position in the physical

environment;
b) Scanning the physical environment;

c) Checking the result of step b) if there is a need for at least one marker to be placed
in the environment and placing at least one marker in the environment according to

the need;

d) Taking at least a predetermined number of pictures from the environment comprising

one measurement point;

e) Determining the position of the measurement point relative to the virtual spatial

anchor point in each picture;

f) Calculating the average position of the measurement point from the pictures; if the
determined position values of the measurement point in the pictures are within a
predetermined tolerance range, the calculated average position is the determined

position of the measurement point; and

g) Repeating steps d) to f) for each measurement point.

With performing the proposed method to determine the position of measurement points in a
physical environment, the accuracy of determined positions is higher than only with using
one of the provided measurement applications of smartglasses as such. In particular, the

accuracy of determined positions is improved in that each determined position is calculated
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from the average position of the measurement point from more than one picture, and an
additional check if the determined position values taken from each picture are within a

predetermined tolerance.

The invention proposes a method for determining the position of measurement points in a
physical environment inside or outside of buildings. The method is in particular applicable
for surveying complex building structures as for examples stairs or staircases. The method
is proposed for carrying out surveying work using mixed reality smartglasses having a
measurement application. The mixed reality smartglass is worn by the surveyor performing

the measurement work on site.

In a first step of the method at least one a virtual spatial anchor point is placed on a
predetermined position in the physical environment. The virtual spatial anchor point defines
the origin of the coordinate system which serves as reference for all position data of objects
having a certain distance in the physical environment. For distances higher than this
specific distance all points will be referred to the second; third anchor point. The
predetermined position on which the virtual spatial anchor point is placed may be any
position in the physical environment, in particular a position at a special feature of an object
as for example a corner of a building or a room in a building or the corner of the first step in

a staircase.

In a further step, the physical environment to be measured is scanned by the smartglass
having the measurement application. During the scanning process, the surveyor traverses
the environment to be recorded in particular slowly orienting the smartglass in all directions
of interest. For achieving a good result, the environment should be scanned at least twice.
For example when using the proposed method for surveying a staircase, the surveyor goes
up and down the stairs at least twice. The smartglass application will usually continue to
scan the environment during the whole measurement process, but double scanning the
environment in the beginning is regularly sufficient for achieving an initial accuracy of the

resulting data.

After the initial scanning is done in step b), in step ¢) the result of step b) is checked for
assessing the quality of the determined data. The quality of the determined data depends
inter alia on the lighting conditions in the physical environment and on the contrast of
objects regarding for example differing colours, clear-cut edges, corners or surfaces.

According to the quality of the data recorded during the initial scanning, the measurement
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application determines if there is a need for at least one marker to be placed in the
environment. If the quality of the data does not correspond to a minimum quality required to
determine positions in the recorded data, the surveyor receives a signal indicating that there

is a need to place markers in the physical environment.

For signaling the need for markers, the application displays to the surveyor for example a
certain value related to the quality recorded. If the value is above a certain threshold value,
no markers have to be placed into the environment. If the value is below a certain threshold
value, markers have to be placed into the environment, and in particular the more markers
are required, the bigger the given value is. According to the need, at least one marker has
to be placed in the environment. Any object can serve as marker, if it is suitable to enhance
the contrast and orientation for the measurement application, as for example a sheet of
paper or clearly visible and trackable 2- or 3-dimensional objects. As the scanning
continues during placing the markers into the environment, the next step of the method can

follow.

After the initial scan is done resulting in recorded data having sufficient quality, the surveyor
takes at least a predetermined number of pictures from the environment comprising one
measurement point. The predetermined number of pictures varies in particular from the
position of the measurement point and is indicated to the surveyor. For example, between
two and four pictures will have to be taken for one measurement point. Ideally, the
perspective of each picture varies to a certain degree for recording better measurement

data.

The term “taking a picture” has its origin in the language used by measurement applications
for smartglasses in the prior art. Similarly to this known methods, in the proposed method
no literal picture in terms of an image is captured for performing image processing. The
term “taking a picture” stands for starting a measurement procedure, where the coordinate
values of the measurement point are picked from the recorded (and continuously updated)
data of the scanned environment of the smartglass application. As the term “taking a
picture” is established as technical term in such measurement applications it is also used
for the description of the present invention. With “taking a picture” the detail of the
environment in the current perspective of the surveyor is recorded from the measurement

application, for determining the position of a point included in the perspective.
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In the next step, the measurement application determines the position of the measurement
point relative to the virtual spatial anchor point in each picture. In this step, the position
values of the measurement point are determined in relation to the coordinate system
originating at the virtual anchor point. In fact, for determining the position of a measurement
point no actual measurement procedure is performed. Rather, the measurement application
extracts the position values of the measurement point from the scanned and recorded

environment data.

Thereupon the average position of the measurement point is calculated from the pictures. If
the determined position values of the measurement point in the pictures taken in the
preceding step are within a predetermined tolerance range, the calculated average position
is the final determined position of the measurement point. If the position values of the
measurement point in the pictures taken differ to a greater extent than the tolerance range
permits, step d) to f) have to be repeated for this measurement point and the surveyor has

to take the predetermined number of pictures again.

For each measurement point which position needs to be determined, the procedure of steps
d) to f) is repeated. Thus, for each measurement point the previously indicated steps are
repeated: Taking a predetermined number of pictures, the determination of the position
values of the measurement point in each picture and calculating of the average position of
each measurement point including the check, if the determined position values are within a

predetermined tolerance range.

In one embodiment of the method, also step b), scanning the physical environment and
step c¢), checking the result of step b) if there is a need for at least one (additional) marker to
be placed in the environment and placing at least one marker in the environment according
to the need are repeated for each measurement point. In performing the method according
to this extended procedure, a further enhanced accuracy of the measurement application is

achievable.

In a further embodiment of the method, a tolerance sphere is created around the virtual
spatial anchor point at the predetermined position. The dimensions of the tolerance sphere
are specified in particular according to the dimensions of the measurement environment
and to the required accuracy of the measurement results. During the method a possible drift
of the virtual spatial anchor point is monitored with regard to the tolerance sphere. Such

drifting may be caused by position adjustments of the 3D-application.
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If the virtual spatial anchor point has drifted out of the tolerance sphere, the measurement
application will suspend further measurement steps. In case the method would continue
with determining the position of measurement points while the virtual special anchor point is
outside of the tolerance sphere, the determined positions would deviate in relation to

previously determined positions of measurement points.

In a further embodiment of the method, if the virtual spatial anchor point has drifted more
than within the tolerance sphere, a calculation step is performed for transferring the virtual
spatial anchor point back into the tolerance sphere and for recalculating the position of the

virtual anchor point to the initial anchor point related to the physical environment.

The monitoring and recalculating of the position of the virtual spatial anchor point prevents
that the position of a measurement point is determined based on the virtual spatial anchor
point, while it drifted more than within a tolerance range. In such a case, the determined
position would deviate from the determined positions of measurement points related to the
virtual spatial anchor point arranged within the tolerance sphere. With the proposed method
step, the positions of all determined measurement points are related to a virtual spatial
anchor whose position is within a predetermined tolerance range related to the physical

environment.

In a further embodiment of the method, if the virtual spatial anchor point has drifted more
than within the tolerance sphere, the performing of steps d) to g) is suspended. This
provision prevents to determine the position of measurement points basically based on the
same virtual spatial anchor point, while the positions are determined before and after the
virtual anchor point has drifted more than within a tolerance range. With the proposed
method, the positions of the determined measurement points are related to one virtual

spatial anchor whose position is within a predetermined tolerance range.

In a further embodiment of the method, in step d) the measuring point is indicated with an
indicator tool. If there is more than one physical point that could serve as the point which
position has to be determined in the current perspective of the surveyor, the measurement
application requires the information for which point the position has to be determined. One
option is to indicate the point of interest with an indicator tool that clearly indicates the point
to the application. For this purpose, for example a hand guided pointer may be used as
indicator tool, where an arrow or a specific pattern may be arranged to indicate precisely

the point to be measured in the physical environment. As an alternative, for example
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patterns or pointers may be fixedly positioned in the physical environment to define the

points to be measured to the application.

In a further embodiment, the method comprises the further step h) where a distance is
calculated between the virtual spatial anchor point and the determined position of a
measurement point or between the determined positions of at least two measurement
points. With this additional step, the method also serves to extract distances between the
previously determined positions of measurement points or also distances between the

virtual spatial anchor point and the previously determined position of a measurement point.

In a further embodiment, the method comprises the further step i) where the angle between
two intersecting lines is calculated. In particular, the lines extend between the position of
least two points, wherein each point is a determined position of a measurement point or the
virtual spatial anchor point. With this additional step, the method also serves in particular to
extract angels between lines extending between the virtual spatial anchor point and
previously determined positions of measurement points or between at least two previously

determined positions of measurement points.

In a further embodiment, the method comprises the further step k) where the volume of a
space is calculated which is defined by the positions of at least three points, wherein each
point is a determined position of a measurement point or the virtual spatial anchor point.
With this additional step, the method also serves in particular to calculate volumes in the
physical environment, defined by the positions of at least three points comprising the
previously determined positions of measurement points and/ or the virtual spatial anchor

point.

Further advantages, features and possible applications of the present invention will be

described in the following in conjunction with the figures.
Shown are in:

Fig. 1: a schematic representation of a surveyor performing an embodiment of the inventive

method; and

Fig. 2: a flow chart of the inventive method.
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Fig. 1 shows a schematic representation of a surveyor 1 performing an embodiment of the
inventive method within a staircase 10 of a building. The method serves for determining the
position of measurement points 12 to 14 in a physical environment 20, using a mixed reality
smartglass 11 having a measurement application, wherein the mixed reality smartglass 11
is worn by a surveyor 1 performing the measurement. When performing the method, the
following steps are carried out by the surveyor 1 working with the smartglass measurement

application:

a) A virtual spatial anchor point 5 is placed a on a predetermined position in the
physical environment. For performing this step, the surveyor indicates to the
measurement application where in the physical environment 20 the spatial anchor

point is to be placed.

b) The physical environment is scanned by the smartglass application. During the
scanning the surveyor 1 moves in the physical environment 20 and directs the

smartglass 11 to all details of interest.

c) The smartglass application checks the result of step b) if there is a need for at least
one marker 15 to be placed in the environment 20. As a need for additional markers
15 has been displayed to the surveyor 1 in the exemplary procedure, the surveyor 1

placed two additional marker 15 at the top of the last stair.

As the data of the environment scan has been sufficient after the markers 15 have been

placed in the environment 20, the next steps of the method can follow.

d) The surveyor 1 takes a predetermined number of pictures from the environment 20
comprising one measurement point 12 to 14. During the pictures are taken, the
surveyor 1 indicates the measurement point 14 via an indicator tool 6 in form of a
pointer. During this step, the measurement application displays via the smartglass 11
to the surveyor 1, that three pictures have to be taken for determining the position of

the measurement point 14 with regard to the virtual spatial anchor point 5.

e) Following this, the position of the measurement point 14 is determined relative to the

virtual spatial anchor point 5 in each picture.

f) After that, the average position of the measurement point 14 is calculated from the

pictures. If the determined position values of the measurement point 14 in the
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pictures are within a predetermined tolerance range, the calculated average position

is the determined position of the measurement point 14.
g) Steps d) to f) are repeated for each measurement point 12 to 14.

Fig. 1 also shows schematically the tolerance sphere 5a which is created around the virtual
spatial anchor point 5 and a further measurement points 12 and 13, which positions have

already been determined by use of the specified method.

Fig. 2 shows a flow chart of the inventive method. The steps of the inventive method are
performed as specified in the description of the invention and also as specified with regard
to Fig. 1. As can be seen in Fig. 2, after step g), optionally either steps d) to f) or steps b) to
f) are repeated for determining the position of a number of measurement points 12 to 14.
After the position of all measurement points 11 to 14 is determined, optionally, at least one
of steps h) to k) is performed to determine at least one distance, angle or volume in the

physical environment 20.
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Reference Signs

5a

10
11
12
13
14
15
20

surveyor

virtual spatial anchor point

tolerance sphere

indicator tool

staircase

smartglass

measurement point/ determined position of a measurement point
measurement point/ determined position of a measurement point
measurement point/ determined position of a measurement point
marker

physical environment
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Claims

1. Method for determining the position of measurement points (12, 13, 14) in a
physical environment (20), using a mixed reality smartglass (11) having a
measurement application, wherein the mixed reality smartglass (11) is worn by a

surveyor (1) performing the measurement, the method comprises the following

steps:

a) Placing a virtual spatial anchor point (5) on a predetermined position in the
physical environment (20);

b) Scanning the physical environment (20);

c) Checking the result of step b) if there is a need for at least one marker (15)
to be placed in the environment (20) and placing at least one marker (15)
in the environment (20) according to the need;

d) Taking at least a predetermined number of pictures from the environment
(20) comprising one measurement point (12, 13, 14);

e) Determining the position of the measurement point (12, 13, 14) relative to
the virtual spatial anchor point (5) in each picture;

f) Calculating the average position of the measurement point (12, 13, 14)
from the pictures; if the determined position values of the measurement
point (12, 13, 14) in the pictures are within a predetermined tolerance
range, the calculated average position is the determined position of the
measurement point (12, 13, 14); and

9) Repeating steps d) to f) for each measurement point (12, 13, 14).

2. Method according to claim 1, characterized in that for at least one further

measurement point (12, 13, 14) steps b) to f) are repeated.

3. Method according to at least one of the preceding claims, characterized in that a
tolerance sphere (5a) is created around the virtual spatial anchor point (5) at the
predetermined position and during the method a possible drift of the virtual spatial

anchor point (5) is monitored with regard to the tolerance sphere.
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Method according to claim 3, characterized in that if the virtual spatial anchor point
(5) drifts more than within the tolerance sphere (5a), a calculation step is performed
for transferring the virtual spatial anchor point (5) back into the tolerance sphere
(5a).

Method according to claim 3 or 4, characterized in that if the virtual spatial anchor
point (5) drifts more than within the tolerance sphere (5a), the performing of steps

d) to g) is suspended.

Method according to at least one of the preceding claims, characterized in that in

step d) the measuring point (11) is indicated with an indicator tool (6).

Method according to at least one of the preceding claims, characterized in the

further step:

h) Calculating the distance between the virtual spatial anchor point (5) and
the determined position of the measurement point (12, 13, 14) or between

the determined positions of at least two measurement points (12, 13, 14).

Method according to at least one of the preceding claims, characterized in the

further step:

i) Calculating the angle between two intersecting lines extending between
the determined position of least two points, wherein each point is one of

the virtual spatial anchor point (5) or a measurement point (12, 13, 14).

Method according to at least one of the preceding claims, characterized in the

further step:

k) Calculating the volume of a space defined by the determined positions of
at least three points, wherein each point is a measurement point (12, 13,

14) or the virtual spatial anchor point (5).
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