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A METHOD AND A DEVICE FOR REMOTE VISUALIZATION

TECHNICAL FIELD

The invention relates to a method and a device for remote visualiza-
tion. Service and maintenance sometimes have to be carried out at remote
locations. Long distances, cultural barriers, confusion of language, shortage
of competence, etc, make service and maintenance work very cost demand-
ing.

PRIOR ART

In many situations journeys have been replaced by broadband com-
munications. Global communication possibilities have been made possible
through the vast development of communication technologies. A standard for
two-way broadband real time communication has been established, although
only a few companies are able to deliver quality systems that are suitable for
use in service and maintenance applications.

Prior art systems fail to provide appropriate working conditions for ser-
vice personnel. They also show drawbacks in producing a usable feedback.

A document that describes the use of a video camera or equivalent
equipment for other purposes is US6803887. The equipment disclosed in
this document includes a VRD ( Virtual Retina Display), a video camera and
a module for determining the position of the eye. The document is very brief
and does not state clearly how the equipment is constructed. The document
implies that the information captured by the camera might be partially visible
for the carrier of the device. The captured information or some part of it is
transferred wirelessly to some kind of server where the information is proc-
essed. On basis of the transferred information the further information is re-

turned new and/or modified for display on the VRD-unit.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method for remote

visualization that will allow service personnel at remote locations to be
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guided more accurately by skilled persons than in prior art systems. The
method in accordance with the invention also allows information to be ex-
changed between the remote location comprising a first display means and a
central unit comprising a second display means.

A mobile device is provided at the remote location. Image information
is generated and picked up locally by the mobile device and is displayed to a
user wearing the mobile device. Preferably the image information is pro-
jected directly onto a retina of the user by a first display means. The image
information also is transmitted to and displayed at a second display means
located at a position different from the location of the mobile device. The
mobile device is worn by the user to pick up image information in the line of
sight of the user. The mobile device comprises or is connected to a com-
puter.

Distance seeing or remote visualizing is made possible with video
goggles equipped with one or two zoom, and autofocus cameras that are
connected to a computer carried by a wearer of the goggles. The wearer will
se the camera(s) picture(s) displayed in the goggles and thereby he will ex-
perience it as if he was looking without the goggles, for example the picture
will be projected on the retina of the carrier of the goggles, so called virtual
Retina display (VRD).

The computer connects to a webpage, where anyone granted access
can login and he or she will be able to see the same picture from any loca-
tion in the world, with internet access. When connected to the carrier of the
goggles, the person will be able to point in the picture with his/her mouse so
that the cursor will appear on the screen of the goggles. With the cursor the
connected person(s) will be able to guide the carrier of the goggles through
any task he might need help performing.

Data and indicator information is generated at the position of the sec-
ond display means and transmitted to the mobile device where it is displayed
along with the locally generated image information at the first display means.
Such data and indicator information can include information from databases,

technical information and digital maps and plans.
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In various embodiments the mobile device comprises a remote tem-
perature transducer. Preferably, the remote temperature transducer is di-
rected in the line of sight of the user and a point of aim is displayed to the
user as well as on the second display means.

In a practical embodiment distance seeing or remote visualizing is
made possible with video goggles equipped with one or two zoom, and auto-
focus cameras that are connected to a computer carried by the same person.
The person will observe the images picked up by the camera(s) displayed in
the goggles and thereby he will experience it as if he was looking without the
goggles.

The computer can be connected to a web site at a remote location,
where anyone granted access can login and will be able to observe the
same image or picture from any location in the world having access to the
internet. When connected to the wearer of the goggles, the person will be
able to point in the image with a pointing means such as a mouse and the
cursor will appear on the screen of the goggles. A person connected to the
web site will be able to assist the wearer of the goggles in performing tasks
at the remote location of the wearer. In various embodiments a web server is
operating in the computer and the web server is connected to and made
available to the internet.

If the wearer of the goggles wishes to point something out directly in
the picture this is simply done by pointing with a finger or with a rectangle
that is visible in the centre of the image. The wearer can communicate with
connected parties through sound and picture as if standing right next to each
other. If the carrier of the goggles is occupied and needs to adjust for exam-
ple the camera zoom, this is simply done by asking the connected person(s)
to make the adjustments of the camera. The person(s) connected are able
also to show the wearer of the goggles pictures, blueprints and other docu-
ments.

There is also a possibility to point, zoom and more in any shared
document, and via the sound link explain and guide the wearer of the gog-

gles. Also the wearer of the goggles will have the possibility to point in the
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shared documents with his own cursor so that he can ask questions or ex-
plain more easily. Indicator information, such as the position of a cursor or a
pointing symbol, is transmitted to the goggles and displayed to the wearer.
The discussion can be saved in a database that will be accessible for all par-
ticipants later on.

If the carrier of the goggles turns his head the image will move a little
part for each transmission. Since a major part of the image remains un-
changed only information indicative of how much and which direction any
moment has occurred is transmitted. The transmitted information is suffi-
cient. After that the new field which appears in the field of vision will be
transmitted in its entirety. The arrow which the adviser is pointing with can as
an option be locked to the background so if the goggle carrier moves his
head a little the arrow still points at the same point. The adviser's movement
of the arrow also will be in reference to the background and not in absolute
coordinates. The arrow changes depending on the angle of movement. This
makes it possible to point at things in any desired direction.

A device in accordance with the invention can be used in applications
where corresponding means have not been exploited. The method and the
device have properties that significantly will improve education, counseling
and inspection in real time situations and on distance. Energy and travel
time can be saved, and the environmental consequences will be positive. A
further advantage is the possibilities to fulfill future requirements of docu-
mentation in different applications. Possible areas of use are:

1) Maintenance and service on unusual machines and equipment.

2) Telemedicine.

3) Emergency service and military, where the need of fast counseling/guidance

is needed.
4) Damage control.

5) Products for the games and amusement market?

BRIEF DESCRIPTION OF THE DRAWINGS
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In order that the manner in which the above recited and other advan-
tages and objects of the invention are obtained will be readily understood, a
more particular description of the invention briefly described above will be
rendered by reference to specific embodiments thereof which are illustrated
in the appended drawings.

Understanding that these drawings depict only typical embodiments of
the invention and are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with additional specific-
ity and detail through the use of the accompanying drawings in which:

Fig. 1 shows schematically a basic embodiment of a device in accordance
with the invention mounted on a wearer,

Fig. 2 s a basic block diagram showing one embodiment of a device in
accordance with the invention,

Fig.3 shows a view available on a display of the device in Fig. 1,

N

Fig. shows a view available on a display of a device at a remote loca-
tion,

Fig. 5 schematically shows division of an image into segments and

(o]

Fig. schematically illustrates movement of the view.

DETAILED DESCRIPTION

Image processing and internet communication are important elements
when implementing the invention. By optimizing the information that is in fact
transferred substantial improvements are possible. Image information is con-
tinuously monitored and only information relating to sections of changed im-
age information is transmitted. The image information also can be evaluated
with regard to importance, so as to give priority to the most relevant or im-
portant information.

Fig. 1 shows a mobile device 10 in accordance with one embodiment
of the invention. The device 10 is formed as goggles and worn by a user 12.
In a preferred embodiment the user will only be able to see through the gog-
gles, that is through a first display unit built in into the goggles. Image infor-

mation is picked up by a camera module 14 and transmitted to the first dis-
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play unit. In the shown embodiment the camera module 14 comprises one
digital camera. In other embodiments two or more cameras are included so
as to pick up and display more complex views.

The device 10 comprises also a control unit, c.f. Fig. 2, interconnect-
ing and controlling the camera module 14, the first display and headphones
16. The control unit can be connected to the internet and will operate as a
web server that other units may connect to through a conventional web
browser. In the embodiment shown in Fig. 1 the device in accordance with
the invention also comprises a pyrometer or a radiation thermometer 18 and
a light unit 20. Preferably, both the pyrometer 18 and the light unit 20 are
mounted externally on the goggles to be directed in the line of sight.

In the embodiment shown in Fig. 2 the device in accordance with the
invention comprises the mobile device 10 and at least one remote unit 22.
The mobile device 10 and the at least one remote units 22 are connected
through a general communication system 24, such as the internet. In the
shown embodiment information is exchanged through a web server 25. The
connection between the mobile device 10 and the remote unit is wireless in
the embodiment shown in Fig. 2. In other embodiments a wire connection is
used. The web server 25 comprises a computer 27 and a communications
module 29.

The mobile device 10 comprises a first control unit 24 that is opera-
tively connected to other units and modules of the mobile device 10. In one
embodiment the first control unit 24 includes a conventional personal com-
puter. The first control unit 24 is connected to a first communication unit 26,
such as a modem or similar device. Communication between the mobile de-
vice 10 and the remote unit 22 is handled by the first communication unit 26,
which can be designed for transmission through cable, radio signals, light or
sound. Image information, other data as well as sound from parties involved
are transferred through the communication unit 26. In various embodiments
the communication unit 26 comprises means for communicating through a

TCP/IP protocol or a similar protocol.
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The mobile device 10 further comprises a first display unit 28, the
camera module 14, the light unit 20 and the radiation thermometer 18. In a
preferred embodiment the first display unit 28 includes a virtual retinal dis-
play (VRD), also known as a retinal scan display (RSD). The RSD draws a
raster display directly onto the retina of the eye. Image information is picked
up by the camera module 14, completed and modified by the first control unit
24 and transmitted to the first display unit 28.

A stroboscope vision module 30 that can be implemented partly or
fully as software running in the first control unit 24 recognizes repeating
views in one or many segments. The scanning frequency can then be ad-
justed to the appearing frequency of the views. When viewing for instance a
rotating wheel, products on a conveyer belt or something vibrating in the
field of vision it will be possible to study the component since it appears as if
it did not move or moves slowly. Slower processes can be shown clearer by
not changing the picture until the process repeats again.

By increasing or decreasing the picture frequency marginally it will be
possible to imagine that for example a wheel is turning slowly or a fast
mounting process is shown in ultra rapid. The first control unit also calcu-
lates turns/sec, amount of products/min and so on and display correspond-
ing information at the first display unit 28.

In a color search module 32 a search color is specified. The first con-
trol unit 26 and the camera module 14 locate all occurrences of the specified
color and all objects or image segments having that color are highlighted. In
a movement visualization module 34 objects moving in the captured image
are located and followed. The first control unit 24 calculates the orbit or line
of movement and displays a corresponding line in the first display unit 28.
The first control unit 24 is capable of displaying the corresponding line con-
tinuously or intermittently. At any time the displaying of the line can be inter-
rupted.

Flow charts, maps, constructional drawings, component listing can be
downloaded to the mobile device from the remote unit 22 and displayed

through an information layer module 36. In a preferred embodiment the ob-
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jects that are downloaded are displayed in a transparent layer at the first
display unit 28, so as not to cover elements of the image picked up by the
camera module 14. Positioning of the transparent layer and objects dis-
played therein and a correct scale factor are taken from detectable reference
dots in reality guides.

In one embodiment the mobile device 10 comprises means for acting
as a server. The server substantially presents the view that is displayed on
the first display unit 28. Specific remote users are informed about the server
internet address and where appropriate user id and password. By accessing
the server remote users will be able to see substantially the same view as
the user of the mobile device 10.

In the shown embodiment the web page instead is provided in a web
server 25 that is connected to the internet. The web server comprises a
computer 27 and a communication module 29. The web server will receive
image information from the camera module 14 and make the image informa-
tion and also other information originating from the mobile device 10 avail-
able to other users. In various embodiments the web server is implemented
as a section of the mobile device 10, for instance as a part of the first control
unit 24.

The first communication unit 26 comprises a first encryption function
31 and the second communication unit 46 comprises a second encryption
function 33. In a similar way the communication module 29 of the web server
comprises a third encryption function 35. Each of the encryption functions
also may include a tunneling function for security reasons.

A remote user will be able to move a mouse pointer or cursor gener-
ated and visible at a remote display and the position of the mouse pointer
will be transmitted to the mobile device 10 and displayed also at the first dis-
play unit. As a result the wearer of the goggle as well as all remote users will
be able to see the mouse pointer in the displayed image. If a plurality of re-
mote users are active each remote user may have a mouse pointer that is
different in color or other appearance. In one embodiment the mouse pointer

or cursor generated at the remote display is locked at a background position.
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As a result the position of the cursor in relation to the background will not
change, even if the mobile device is turned.

A locally generated cursor is locked at a central position of the dis-
played view, cf. Fig. 3. The locally generated cursor can be generated in a
cursor generation module 37. In one embodiment the locally generated cur-
sor is formed as a transparent rectangle. Other image functions are proc-
essed in an image processing unit 40. Each mobile device 10 can be given a
specific identity that can be stored locally for instance in a memory circuit 38.
The specific identity or an associated identification reference is required for
remote users for establishing a contact to the mobile device 10.

The remote unit 22 comprises a remote or second control unit 42
which in one embodiment is a conventional computer, such as a personal
computer. The remote control unit 42 is connected to a second display unit
44 which can be a conventional monitor or display unit. Communication be-
tween the remote unit 22 and the mobile device 10 is provided by a second
communication unit 46. The first communication unit 26 and the second
communication unit 46 communicate over a suitable communication medium
48 such as the internet. In the control unit 42 data can be generated or re-
trieved for transfer to and for being displayed at the first display unit 28.

Fig. 3 shows the view as seen by the wearer of the goggles or mobile
device 10 and Fig. 4 shows the view as seen at the remote users. Image in-
formation as captured by the camera module is shown within a double line
rectangle 47. All elements that are common to both views are given the
same reference numerals and are described only once. The view of Fig. 3 is
displayed at the first display unit 28. Most elements that are visible are ob-
jects in the area in front of the wearer. Switches 50, a control panel 52 and a
machine contour line 53 are such elements. The view as seen on the first
display unit 28 also comprises objects and elements that are generated ei-
ther by the first control unit 24 or by the second control unit 42.

A pointer 54 shaped as an arrow is generated by the second control
unit 42 on the basis of actions taken by a remote user or advisor. The

pointer 54 can be locked either to a background element, such as a specific
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switch as shown in Fig. 3 or at a specific position of the view. In the first case
the pointer will remain at the switch also when the image is changed as a
result of a movement of the camera module 14, as long as the switch is visi-
ble.

A cursor 56 shaped as a rectangle is generated by the first control unit
24 and is normally fixed in the centre, or at another specific position, of the
image as displayed. The wearer of the mobile device can use the cursor 54
as a pointing device as an alternative to pointing with a finger that will be
visible at the first display unit 28 as well as at the second display unit 44. By
using a transparent rectangle the central section of the image will not be
covered. A distinct point of the image can be referred to by moving the gog-
gle to a position where a corner of the rectangle is located at the distinct
point.

The control panel 52 of the machine in view also comprises a machine
display 58. The wearer of the goggle needs to know how to deal with a ques-
tion mark 59 shown at the machine display. The wearer positions the goggle
to place the cursor rectangle 56 over the question mark 59. An advisor at the
remote location who can observe the same view, c.f. Fig. 4, is directed to the
relevant position by the rectangle 58. The advisor also can observe that one
switch is switched to an incorrect position and enables the pointer 54. By
positioning the pointer 54 at the switch in question the attention of the
wearer is directed to said switch.

The radiation thermometer 18 is designed to measure the temperature
along a sight line corresponding to the position of the cursor rectangle 56 at
a reasonable distance from the goggle. A measured temperature value is
displayed on the first display unit 28 and the second display unit 44. In the
shown embodiment the temperature value appears on a scale 60 as well as
in a small window 61.

In various embodiments the camera module 14 is provided with a
zoom function. The zoom function can be controlled by the wearer of the
goggle as well by the advisor. The wearer will adjust the zoom level locally

and the advisor by clicking at a zoom field 62 in the view. Zoom information
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can be given by the advisor and transferred to the mobile device where the
first control unit will adjust the zoom level of the camera module accordingly.
Name information or other identification of advisors can be displayed at
name windows 64. Preferably the name of each advisor or participant is
given a separate colour so as to allow identification during the process.

The advisor also has a possibility to fetch a marker such as an arrow
66 with his mouse pointer and then position it at anywhere in the vied image.
The marker arrow can be locked to the background. The advisor also can
choose to save snapshots or video sequences by clicking on corresponding
recording buttons 65 on the second display unit 44. Recorded information,
which may include also voice conversations and other data, is saved. The
information can be saved locally, for instance in the memory circuit 38, and
later on be transferred to a web server or to the remote unit 22.

An information field 68 is available in the view of the first display unit
and of the second display unit. Data and other information can be typed in
by the advisor or other participant, generated by other means or collected
from databases and other data sources, and will be made available at the
display units. Data from databases, maps and plans also can be displayed
overlaid on captured image information at the display units.

The field of vision is divided into segments with appropriate appear-
ance and shape, such as squares, rectangles or as shown in Fig. 5. By di-
viding the field of vision into segments the transmission of information can
streamlined. Every segment is numbered after its importance. If the image
changes only in one of the segments the information in this segment only will
be transmitted. If many segments of the image changes the changes in the
most important segments will be given the highest priority. In Fig. 5 a basic
geometrical figure, a pentagon 70, is observed.

The segments are numbered (A1-A16). Each segment covers ap-
proximately 2,5% of a circular center area of the field of vision. The most
important information is in the centre of the image, that is segments A1, A2,

A3 and A4. Secondly come segments A5, A6, A7, A8 and so on. If informa-
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tion in the image changes only in one of the segments that information will
be transmitted, such information being only about 2,5% of the full image.

If information in many segments changes, segments with the lower
numbers will be given higher priority. In the shown embodiment this means
the segments that are located near the centre of the image. The areas out-
side the outer segments are given low priority and are upgraded only when
there is time left over. If segments of higher priority need to be upgraded
continuously (if the user is looking at a rotating fan) the lower priority seg-
ments still will be upgraded but with a lower frequency, such as one tenth of
frequency of the segments of higher priority.

If the user moves a finger into the field of vision to point at something
this would probably be in the centre of the image. If for example a finger is
moved from the bottom right corner towards the centre segment A15 first will
be changed then again segment A15 and segment A11, then segments A15,
A11 and A7 and finally segment A3, A7, A11 and A15. Together these seg-
ments represent 10% of the whole field of vision which means that the
transmission of relevant information can be accomplished ten times faster
than if no streamlining is made.

In Fig. 6 the wearer of the goggle has changed his view by moving the
line of sight slightly downward and to the left. As a result the pentagon 70
has moved up and a small distance to the right. The division of the field of
vision into segments will result in that only a hatched section 71 of the view
has to be updated. In the shown embodiment only about 10% of the image
information has to be transferred.

By mounting two cameras on the goggles a 3-D imagination can be
made. The adviser may get only the picture from one of the cameras. When
doing service or troubleshooting it could be of value to be able to perform
distance measurements. This will be possible with 3-D goggles. The adviser
points at an item in the picture he wants to measure from and marks it. The
point will be transmitted to the goggles where the computer in the goggles
finds the same item in the other camera picture. The difference of the posi-

tions of the item in the pictures is used to localize the item in reference of the
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goggles. The adviser points then at the other item he wants to measure to
and the position of that item will be calculated. There after the distance be-
tween the two items can be calculated.

In use the wearer of the goggle notes a goggle ID and receives a code
at the display. The code can be a random generated code. The wearer gets
in contact with an adviser for assistance and forwards the ID and the code.
The adviser opens a predetermined web page and inputs code and goggle
ID. The ID guides the adviser to the right camera. By using a random code it
is possible to limit the adviser from getting into contact with the wearer of the

goggle when not being invited.
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CLAIMS

1. A method for remote visualization, including the steps of capturing image
information of a view in a camera module (14) of a mobile electronic device
(10) and displaying captured image information at a first display means (28),
said displaying including projecting the image information onto the retina of a
human user wearing the mobile electronic device (10),

characterised by

separately making image information captured by the mobile electronic unit
available at a second display means (44) at a remote location,

generating data and indicator information at said remote location,

displaying generated data and indicator information at said second display
means (44), and

transferring generated data and indicator information to the mobile device
(10) and displaying at least a part of the transmitted data and indicator in-
formation at said first display (28) means together with captured image in-

formation.

2. A method as claimed in claim 1, also including the steps of
displaying said at least part of the transmitted data and indicator information

by overlaying it on said captured image information.

3. A method as claimed in claim 1, also including the steps of generating at
the remote location a pointer symbol, determining the location of the pointer
symbol in the view, transmitting the location of the pointer symbol to the mo-
bile device (10), generating a corresponding pointer symbol in the mobile
device and displaying the corresponding pointer symbol at the first display
means (28) at a position corresponding to the location of the pointer symbol

in the view.

4. A method as claimed in claim 1, also including the steps of generating at
the remote location a pointer symbol, determining the location of the pointer
symbol in relation to background elements of the view, transmitting the loca-

tion of the pointer symbol to the mobile device (10), generating a corre-
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sponding pointer symbol in the mobile device and displaying the correspond-
ing pointer symbol at the first display means (28) at a position that is fixed in

relation to said background elements of the view.

5. A method as claimed in claim 1, also including the steps of activating

from the remote location a zoom function of the camera module (14).

6. A method as claimed in claim 1, also including the steps of recording se-

quences of images that are displayed at said first display means (28).

7. A method as claimed in claim 1, also including the steps of providing the

image information captured by the mobile electronic unit at a web server.

8. A method as claimed in claim 1, also including the steps of adjusting a
frequency of the capturing of image information in the camera module (14) in

dependence of an actual frequency or speed of a moving object in the view.

9. An apparatus including a mobile electronic device (10) with a camera
module (14) and first display means (28) for displaying image information
captured by said camera module (14), said displaying including projecting
the image information onto the retina of a human user wearing the mobile
electronic device (10), characterised by

a web server (25) receiving image information from the camera module (14)
and making the image information available to a second display means (44)
provided in at least one remote unit (22),

first communication means (26) provided in the mobile device (10),

second communication means (46) provided in the remote unit (22), and
data generating means (42) providing information to be displayed at the first

display means (28) and the second display means (44).
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10. An apparatus as claimed in claim 9, wherein the camera module (14) is
connected through a first communications means (26) to a web server (25)
for supplying image information, and the second display means (44) is con-

nected to the web server for retrieving the image information.

11. An apparatus as claimed in claim 9, wherein the mobile device (10)
comprises an information layer module (37) and an image processing unit
(40).

12. An apparatus as claimed in claim 9, wherein mobile device (10) com-

prises a radiation thermometer (18) mounted so as to be directed in same

direction as the camera module (14).
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