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System with 3D user interface integration 

5 Abstract 

Disclosed is a system comprising a handheld device and at least one display, 

where the handheld device is adapted for performing at least one action in a 

physical 3D environment, where the at least one display is adapted for 

1 O visually representing the physical 3D environment, and where the handheld 

device is adapted for remotely controlling the view with which the 3D 

environment is represented on the display. 

(fig. 2a) should be published) 
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Claims: 

1. A system comprising a handheld device and at least one display, where 

5 the handheld device is adapted for performing at least one action in a 

physical 3D environment, where the at least one display is adapted for 

visually representing the physical 3D environment, and where the handheld 

device is adapted for remotely controlling the view with which the 3D 

environment is represented on the display. 

10 

2. The system according to any one or more of the preceding claims, wherein 

the view is defined as viewing angle and/or viewing position. 

3. The system according to any one or more of the preceding claims, wherein 

15 the handheld device is adapted for remotely controlling the magnification with 

which the 3D environment is represented on the display. 

4. The system according to any one or more of the preceding claims, wherein 

the handheld device is adapted for changing the rendering of the 3D 

20 environment on the display. 

5. The system according to any one or more of the preceding claims, wherein 

the at least one action comprises one or more of: 

- measuring, 

25 - recording, 

- scanning, 

- manipulating, and/or 

- modifying. 

30 6. The system according to any one or more of the preceding claims, wherein 

the 3D environment comprises one or more 3D objects. 
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7. The system according to any one or more of the preceding claims, wherein 

the handheld device is adapted to be held in one hand by an operator. 

5 8. The system according to any one or more of the preceding claims, wherein 

the display is adapted to represent the 3D environment from multiple views .. 

9. The system according to any one or more of the preceding claims, wherein 

the view of the 3D environment represented in the at least one display is at 

1 0 least partly determined by the motion of the operator's hand holding said 

device. 

10. The system according to any one or more of the preceding claims, 

wherein the magnification represented in the at least one display is at least 

15 partly determined by the motion of the operator's hand holding said device. 

20 

11. The system according to any one or more of the preceding claims, 

wherein the handheld device is adapted to record the 3D geometry of the 3D 

environment. 

12. The system according to any one or more of the preceding claims, 

wherein the 3D geometry of the 3D environment is known a-priori. 

13. The system according to any one or more of the preceding claims, 

25 wherein the handheld device comprises at least one user-interface element. 

14. The system according to any one or more of the preceding claims, 

wherein the at least one user-interface element is at least one motion sensor. 
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15. The system according to any one or more of the preceding claims, 

wherein the handheld device comprises at least two motion sensors 

providing sensor fusion. 

5 16. The system according to any one or more of the preceding claims, 

wherein the user interface functionality comprises the use of gestures. 

10 

17. The system according to any one or more of the preceding claims, 

wherein the gestures are detected by the at least one motion sensor. 

18. The system according to any one or more of the preceding claims, 

wherein the handheld device comprises at least one user-interface element 

other than the at least one motion sensor. 

15 19. The system according to any one or more of the preceding claims, 

wherein the at least one other user-interface element is a touch-sensitive 

element. 

20. The system according to any one or more of the preceding claims, 

20 wherein the at least one other user-interface element is a button. 

21. The system according to any one or more of the preceding claims, 

wherein the at least one other user-interface element is a scroll wheel. 

25 22. The system according to any one or more of the preceding claims, 

wherein the handheld device is adapted to change a viewing angle with 

which the 3D environment is represented on the at least one display. 

23. The system according to any of the preceding claims, wherein the 

30 handheld device is adapted to change a magnification factor with which the 

3D environment is represented on the at least one display. 
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24. The system according to any one or more of the preceding claims, 

wherein the handheld device is adapted to change a viewing position with 

which the 3D environment is represented on the at least one display. 

25. The system according to any one or more of the preceding claims, 

wherein the view of the 3D environment comprises a viewing angle, a 

magnification factor, and/or a viewing position. 

1 0 26. The system according to any one or more of the preceding claims, 

wherein the view of the 3D environment comprises rendering of texture 

and/or shading. 

27. The system according to any one or more of the preceding claims, 

15 wherein the at least one display is divided into multiple regions, each 

showing the 3D environment with a different view. 

20 

28. The system according to any one or more of the preceding claims, 

wherein the 3D geometry comprises a 3D surface of the environment. 

29. The system according to any one or more of the preceding claims, 

wherein the 3D geometry comprises a 3D volumetric representation of the 

environment. 

25 30. The system according to any one or more of the preceding claims, 

wherein the handheld device is an intra-oral 3D scanner. 

30 

31. The system according to any one or more of the preceding claims, 

wherein the handheld device is a surgical instrument. 
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32. The system according to any one or more of the preceding claims, 

wherein the handheld device is a mechanical tool. 

33. The system according to any one or more of the preceding claims, 

5 wherein the handheld device is an in-ear 3D scanner. 

10 

34. The system according to any one or more of the preceding claims, 

wherein the at least one display is arranged separate from the handheld 

device. 

35. The system according to any one or more of the preceding claims, 

wherein the at least one display is arranged on a cart. 

36. The system according to any one or more of the preceding claims, 

15 wherein the at least one display is defined as a first display, and where the 

system further comprises a second display. 

20 

25 

37. The system according to any one or more of the preceding claims, 

wherein the second display is arranged on the handheld device. 

38. The system according to any one or more of the preceding claims, 

wherein the second display is arranged on the handheld device in a position 

such that the display is adapted to be viewed by the operator, while the 

operator is operating the handheld device. 

39. The system according to any one or more of the preceding claims, 

wherein the second display indicates where the handheld device is 

positioned relative to the 3D environment. 
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40. The system according to any one or more of the preceding claims, 

wherein the first display and/or the second display provides instructions for 

the operator. 

5 41. The system according to any one or more of the preceding claims, 

wherein visual information is provided to the operator on one or more means 

other than the first display. 

42. The system according to any one or more of the preceding claims, 

1 0 wherein audible information to the operator is provided to the operator. 

15 

43. The system according to any one or more of the preceding claims, 

wherein the scanning is performed by means of LED scanning, laser light 

scanning, white light scanning, X-ray scanning, and/or CT scanning. 

44. A method of interaction between a handheld device and at least one 

display, where the method comprises the steps of: 

- performing at least one action in a physical 3D environment by means of 

the handheld device; 

20 - visually representing the physical 3D environment by the at least one 

display; and 

- remotely controlling the view of the represented 3D environment on the 

display by means of the handheld device. 

25 45. A computer program product compnsIng program code means for 

causing a data processing system to perform the method of any one or more 

of the preceding claims, when said program code means are executed on the 

data processing system. 
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46. A computer program product according to the previous claim, comprising 

a computer-readable medium having stored there on the program code 

means. 
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System with 3D user interface integration 

Field of the invention 

This invention generally relates to a method and a system comprising a 

handheld device and at least one display. 

Background of the invention 

3D visualization is important in many fields of industry and medicine, where 

3D information is becoming more and more predominant. 

Displaying and inspecting 3D information is inherently difficult. To fully 

15 understand a 3D object or entire environment on a screen, the user should 

generally be able to rotate the object or scene, such that many or 

preferentially all surfaces are displayed. This is true even if for 3D displays, 

e.g. stereoscopic or holographic, where from a given viewing position and 

with a given viewing angle, the user will only see some surfaces of an 

20 arbitrary 3D environment. Often, the user will also want to zoom into details 

or zoom out for an overview. 

Various user interaction devices are in use for software that displays 3D data; 

these devices are: 3D mice, space balls, and touch screens. The operation of 

25 these current interaction devices requires physically touching them. 

Physically touching a user-interaction device can be a disadvantage in 

medical applications due to risks of cross-contamination between patients or 

between patient and operator, or in industrial applications in dirty 

30 environments. 
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Several non-touch user interfaces for 3D data viewing in medical applications 

have been described in the literature. Vogt et al (2004) describe a touchless 

interactive system for in-situ visualization of 3D medical imaging data. The 

user interface is based on tracking of reflective markers, where a camera is 

5 mounted on the physician's head. Graetzel et al (2004) describe a touchless 

system that interprets hand gestures as mouse actions. It is based on stereo 

vision and intended for use in minimally invasive surgery. 

It remains a problem to improve systems that require user interfaces for view 

1 0 control, which for example can be used for clinical purposes. 

Summary 

Disclosed is a system comprising a handheld device and at least one display, 

15 where the handheld device is adapted for performing at least one action in a 

physical 3D environment, where the at least one display is adapted for 

visually representing the physical 3D environment, and where the handheld 

device is adapted for remotely controlling the view with which said 3D 

environment is represented on the display 

20 

The system disclosed here performs the integration of 3D user interface 

functionality with any other handheld device with other operating functionality, 

such that the operator ideally only touches this latter device that is intended 

to be touched. A particular example of such a handheld device is one that 

25 records some 3D geometry, for example a handheld 3D scanner. 

The handheld device is a multi-purpose device, such as a dual-purpose or 

two-purpose device, i.e. a device both for performing actions in the physical 

3D environment, such as measuring and manipulating, and for remotely 

30 controlling the view of the 3D environment on the display. 
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Geometrically, a view is determined by the virtual observer's/camera's 

position and orientation relative to the 3D environment or its visual 

representation. If the display is two-dimensional, the view is also determined 

by the type of projection. A view may also be determined by a magnification 

5 factor. 

The virtual observer's and the 3D environment's position and orientation are 

always relative to each other. In terms of user experience in software 

systems with 3D input devices, the user may feel that for example, he/she is 

1 O moving the 3D environment while remaining stationary himself/herself, but 

there is always an equivalent movement of the virtual observer/camera that 

gives the same results on the display. Often, descriptions of 3D software 

systems use the expression "pan" to indicate an apparent translational 

movement of the 3D environment, "rotate" to indicate a rotational movement 

15 of the 3D environment, and "zoom" to indicate a change in magnification 

factor. 

Graphically, a view can represent a 3D environment by means of 

photographs or as some kind of virtual representation such as a computer 

20 graphic, or similar. A computer graphic can be rendered for example with 

texture and/or shading and/or virtual light sources and/or light models for 

surface properties. A computer graphic can also be a simplified 

representation of the 3D environment, for example a mesh, an outline, or an 

otherwise simplified representation. All or parts of the 3D environment can 

25 also be rendered with some degree of transparency. A view may represent 

the 3D environment in total or only parts thereof. 

All of the touch-less prior art systems are 3D user interface devices only. In 

many prior art applications, the operator using such user interface device will 

30 also hold and work with another device that really is the central device in the 

overall application, e.g. a medical instrument. 
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It is thus an advantage of the present system that the 3D user-interface 

functionality is integrated in the central device, which is used for performing 

some kind of action. 

In some embodiments the handheld device is adapted for remotely 

controlling the magnification with which the 3D environment is represented 

on the display. 

1 0 In some embodiments the handheld device is adapted for changing the 

rendering of the 3D environment on the display. 

15 

In some embodiments the view is defined as viewing angle and/or viewing 

position. 

In some embodiments the at least one action comprises one or more of the 

actions of: 

- measuring, 

- recording, 

20 - scanning, 

- manipulating, 

- modifying. 

In some embodiments the 3D environment comprises one or more 3D 

25 objects. 

In some embodiments the handheld device is adapted to be held in one hand 

by an operator. 

30 In some embodiments the display is adapted to represent the 3D 

environment from multiple views. 
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In some embodiments the display is adapted to represent the 3D 

environment from different viewing angles and/or viewing positions. 

5 In some embodiments the view of the 3D environment in the at least one 

display is at least partly determined by the motion of the operator's hand 

holding said device. 

In some embodiments the magnification represented in the at least one 

1 0 display is at least partly determined by the motion of the operator's hand 

holding said device. 

In some embodiments the handheld device is adapted to record the 3D 

geometry of the 3D environment. 

15 Thus the handheld device may be an intraoral dental scanner, which records 

the 3D geometry of a patient's teeth. The operator may move the scanner 

along the teeth of the patient for capturing the 3D geometry of the relevant 

teeth, e.g. all teeth. The scanner may comprise motion sensors for taken the 

movement of the scanner into account while creating the 3D model of the 

20 scanned teeth. 

The 3D model of the teeth may be shown on a display, and the display may 

for example be a PC screen and/or the like. 

The user interface functionality may comprise incorporating motion sensors 

25 in the scanner to provide that the user can determine the view on the screen 

by moving the scanner. Pointing the scanner down can provide that the 

scanned teeth are shown given a downward viewing angle. Holding the 

scanner in a horizontal position can provide that the viewing angle is likewise 

horizontal. 

30 
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In some embodiments the handheld device comprises at least one user­

interface element. 

The system may be equipped with a button as an additional element 

providing the user-interface functionality. 

In an example the handheld device is a handheld intraoral scanner, and the 

display is a computer screen. The operator or user may be a dentist, an 

assistant and/or the like. The operation functionality of the device may be to 

record some intraoral 3D geometry, and the user interface functionality may 

1 0 be to rotate, pan, and zoom the scanned data on the computer screen. 

In some embodiments the at least one user-interface element is at least one 

motion sensor. 

Thus the integration of the user interface functionality in the device may be 

15 provided by motion sensors, which can be accelerometers inside the 

scanner, whose readings determine the orientation of the display on the 

screen of the 3D model of the teeth acquired by the scanner. Additional 

functionality, e.g. to start/stop scanning, may be provided by a button. The 

button may be located where the operator's or user's index finger can reach it 

20 conveniently. 

Prior art intraoral scanners use a touch screen, a trackball, or a mouse to 

determine the view in the display. These prior art user interface devices can 

be inconvenient, awkward and difficult to use, and they can be labor-

25 intensive, and thus costly to sterilize or disinfect. An intraoral scanner should 

always be disinfected between scanning different patients, because the 

scanner is in and may come in contact with the mouth or other parts of the 

patient being scanned. 

30 The operator or user, e.g. dentist, may use one hand or both hands to hold 

the intraoral scanner while scanning, and the scanner may be light enough 
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and comfortable to be held with just one hand for a longer time while 

scanning. 

The device can also be held with one or two hands, while using the device as 

5 remote control for e.g. changing the view in the display. It is an advantage of 

the touchless user interface functionality that in clinical situations, the 

operator can maintain both hands clean, disinfected, or even sterile. 

An advantage of the system is that it allows an iterative process of working in 

1 O a 3D environment without releasing the handheld device during said process. 

For the above intraoral scanning system example, the operator, e.g. dentist, 

can record some teeth surface geometry with a handheld device that is an 

intraoral scanner, inspect coverage of the surface recording by using that 

same handheld device to move, e.g. rotate, the recorded surface on the 

15 display, e.g. a computer screen, detect possible gaps or holes in the 

coverage of the scanned teeth, and then for example arrange the scanner in 

the region where the gaps were located and continue recording teeth surface 

geometry there. Over this entire iterative cycle, which can be repeated more 

than once, such as as many times as required for obtaining a desired scan 

20 coverage of the teeth, the dentist does not have to lay the handheld intraoral 

scanner out of his or her hands. 

In some embodiments, the 3D user interface functionality is exploited in a 

separate location than the operation functionality. For the above intraoral 

25 scanning system example, the scanning operation is performed in the oral 

cavity of the patient, while the user interface functionality is more flexibly 

exploited when the scanner is outside the patient's mouth. The key 

characteristic and advantage of the system, again, is that the dentist can 

exploit the dual and integrated functionality, that is operation and user 

30 interface, of the scanner without laying it out of his or her hands. 
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The above intraoral scanning system is an example of an embodiment. Other 

examples for operation functionality or performing actions could be drilling, 

welding, grinding, cutting, soldering, photographing, filming, measuring, 

executing some surgical procedure etc .. 

The display of the system can be a 2D computer screen, a 3D display that 

projects stereoscopic image pairs, a volumetric display creating a 3D effect, 

such as a swept-volume display, a static volume display, a parallax barrier 

display, a holographic display etc .. Even with a 3D display, the operator has 

1 O only one viewing position and viewing angle relative to the 3D environment at 

a time. The operator can move his/her head to assume another viewing 

position and/or viewing angle physically, but generally, it may be more 

convenient to use the handheld device with its built-in user interface 

functionality, e.g. the remote controlling, to change the viewing position 

15 and/or viewing angle represented in the display. 

In some embodiments the system comprises multiple displays, or one or 

more displays that are divided into regions. For example, several sub­

windows on a PC screen can represent different views of the 3D 

20 environment. The handheld device can be used to change the view in all of 

them, or only some of them. 

In some embodiments the user interface functionality comprises the use of 

gestures. 

25 Gestures made by e.g. the operator can be used to change, shift or toggle 

between sub-windows, and the user-interface functionality can be limited to 

an active sub-window or one of several displays. 

In some embodiments the gestures are adapted to be detected by the at 

30 least one motion sensor. Gestures can alternatively and/or additionally be 

detected by range sensors or other sensors that record body motion. 
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The operator does not have to constantly watch the at least one display of 

the system. In many applications, the operator will shift between viewing and 

possible manipulating the display and performing another operation with the 

5 handheld device. Thus it is an advantage that the operator does not have to 

touch other user interface devices. However, in some cases it may not be 

possible for the operator to fully avoid touching other devices, and in these 

cases it is an advantage that fewer touches are required compared to a 

system where a handheld device does not provide any user interface 

1 0 functionality at all. 

In some embodiments the at least one display is arranged separate from the 

handheld device. 

15 In some embodiments the at least one display is defined as a first display, 

and where the system further comprises a second display. 

20 

In some embodiments the second display is arranged on the handheld 

device. 

In some embodiments the second display is arranged on the handheld 

device in a position such that the display is adapted to be viewed by the 

operator, while the operator is operating the handheld device. 

25 In some embodiments the second display indicates where the handheld 

device is positioned relative to the 3D environment. 

30 

In some embodiments the first display and/or the second display provides 

instructions for the operator. 
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The display(s) can be arranged in multiple ways. For example, they can be 

mounted on a wall, placed on some sort of stand or a cart, placed on a rack 

or desk, or other. 

5 In some embodiments at least one display is mounted on the device itself. It 

can be advantageous to have a display on the device itself because with 

such an arrangement, the operator's eyes need not focus alternatingly 

between different distances. In some cases, the operating functionality may 

require a close look at the device and the vicinity of the 3D environment it 

1 0 operates in, and this may be at a distance at most as far away as the 

operator's hand. Especially in crowded environments such as dentist's 

clinics, surgical operation theatres, or industrial workplaces, it may be difficult 

to place an external display closely to the device. 

15 In some embodiments visual information is provided to the operator on one 

or more means other than the first display. 

20 

In some embodiments audible information to the operator is provided to the 

operator. 

Thus in some embodiments, the system provides additional information to 

the operator. In some embodiments, the system includes other visual clues 

shown on means other than the display(s), such as LEDs on the device. In 

some embodiments, the system provides audible information to the operator, 

25 for example by different sounds and/or by speech. 

Said information provided to the operator can comprise instructions for use, 

warnings, and the like. 

The information can aid with improving the action performance or operation 

30 functionality of the device, for example by indicating how well an action or 

operation is being performed, and/or instructions to the operator aimed at 
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or operation's results. For example, a LED can change in color and/or 

flashing frequency. In a scanner, the information can relate to how well the 

scanned 3D environment is in focus and/or to scan quality and/or to scan 

5 coverage. The information can comprise instructions on how best to position 

the scanner such as to attain good scan quality and/or scan coverage. The 

instructions can be used for planning and/or performing bracket placement. 

The instructions can be in the form of a messenger system to the operator. 

1 O In some embodiments, some 3D user interface functionality is provided by at 

least one motion sensor built into the device. Examples of motion sensors 

are accelerometers, gyros, and magnetometers and/or the like. These 

sensors can sense rotations, lateral motion, and/or combinations thereof. 

Other motion sensors use infrared sensing. For example, at least one 

15 infrared sensor can be mounted on the device and at least one infrared 

emitter can be mounted in the surroundings of the device. Conversely, the at 

least one emitter can be mounted on the device, and the at least one sensors 

in the surroundings. Yet another possibility is to use infrared reflector(s) on 

the device and both sensor(s) and emitter(s) on the surroundings, or again 

20 conversely. Thus motion can be sensed by a variety of principles. 

Through proper signal processing, some sensors can recognize additional 

operator actions; for example gestures such as taps, waving, or shaking of 

the handheld device. Thus, these gestures can also be exploited in the 3D 

25 user interface functionality. 

In some embodiments the handheld device comprises at least two motion 

sensors providing sensor fusion. Sensor fusion can be used to achieve a 

better motion signal from for example raw gyro, accelerometer, and/or 

30 magnetometer data. Sensor fusion can be implemented in ICs such as the 

lnvenSense MPU 3000. 
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In some embodiments the handheld device comprises at least one user­

interface element other than the at least one motion sensor. 

5 In some embodiments the at least one other user-interface element is a 

touch-sensitive element. 

10 

In some embodiments the at least one other user-interface element is a 

button. 

In some embodiments the at least one other user-interface element is a 

scroll-wheel. 

In some embodiments, user interface functionality is provided through 

15 additional elements on the device. Thus these additional elements can for 

example be buttons, scroll wheels, touch-sensitive fields, proximity sensors 

and/or the like 

The additional user interface elements can be exploited or utilized in a 

20 workflow suitable for the field of application of the device. The workflow may 

be implemented in some user software application that may also control the 

display and thus the view represented thereon. A given interface element can 

supply multiple user inputs to the software. For example, a button can 

provide both a single click and a double click. For example, a double click 

25 can mean to advance to a subsequent step in a workflow. For the example of 

intraoral scanning, three steps within the workflow can be to scan the lower 

mouth, the upper mouth, and the bite. A touch-sensitive field can provide 

strokes in multiple directions each with a different effect, etc. Providing 

multiple user inputs from a user interface elements is advantageous because 

30 the number of user interface elements on the device can be reduced relative 
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to a situation where each user interface element only provides one user 

input. 

The motion sensors can also be exploited in a workflow. For example, lifting 

5 the device, which can be sensed by an accelerometer, can represent some 

type of user input, for example to start some action. In a device that is a 

scanner, it may start scanning. Conversely, placing the device back in some 

sort of holder, which can be sensed by an accelerometer as no acceleration 

occur over some period of time, can stop said action. 

10 

If the action performed by the device is some kind of recording, for example 

scanning, for example 3D scanning, the results of the recording can also be 

exploited as user inputs, possibly along with user inputs from other user 

interface elements. For example, with a 3D scanner with a limited depth of 

15 field, it may be possible to detect whether any objects within the 3D 

environments are present in the volume corresponding to this depth of field 

by detecting whether any 3D points are recorded. User inputs can depend on 

such detected presence. For example, a button click on an intraoral scanner 

can provide a different user input depending on whether the scanner is in the 

20 mouth, where teeth are detectable, or significantly away from and outside the 

mouth. Also the effect of motion sensor signals can be interpreted differently 

for either situation. For example, the scanner may only change the view 

represented on the display when it is outside the mouth. 

25 In some embodiments the handheld device is adapted to change a viewing 

angle with which the 3D environment is represented on the at least one 

display. 

In some embodiments the handheld device is adapted to change a 

30 magnification factor with which the 3D environment is represented on the at 

least one display. 
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In some embodiments the handheld device is adapted to change a viewing 

position with which the 3D environment is represented on the at least one 

display. 

In some embodiments the view of the 3D environment comprises a viewing 

angle, a magnification factor, and/or a viewing position. 

In some embodiments the view of the 3D environment comprises rendering 

1 O of texture and/or shading. 

In some embodiments the at least one display is divided into multiple regions, 

each showing the 3D environment with a different view. 

15 Thus in some embodiments the user interface functionality comprises 

changing the view with which the 3D environment is displayed. Changes in 

view can comprise changes in viewing angle, viewing position, magnification 

and/or the like. A change in viewing angle can naturally be effected by 

rotating the device. Rotation is naturally sensed by the aid of gyros and/or 

20 relative to gravity sensed by an accelerometer. Zooming, i.e. a change in 

magnification, can for example be achieved by pushing the handheld device 

forward and backward, respectively. A translational change of the viewing 

position, i.e., panning, can for example be achieved by pushing the handheld 

device up/down and/or sideways. 

25 

In some embodiments the user interface functionality comprises selecting or 

choosing items on a display or any other functionality provided by graphical 

user interfaces in computers known in the art. The operator may perform the 

selection. The Lava C.O.S scanner marketed by 3M ESPE has additional 

30 buttons on the handheld device, but it is not possible to manipulate the view 
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by these. Their only purpose is to allow navigation through a menu system, 

and to start/stop scanning. 

In some embodiments the user interface functionality comprises manipulating 

5 the 3D environment displayed on the screen. For example, the operator may 

effect deformations or change the position or orientation of objects in the 3D 

environment. Thus, in some embodiments the user interface functionality 

comprises virtual user interface functionality, which can be that the 3D data 

are manipulated, but the physical 3D environment in which the device 

1 0 operates may not be manipulated. 

In some embodiments the handheld device is an intraoral scanner and/or an 

in-the-ear scanner. If the scanner comprises a tip, this tip may be exchanged 

whereby the scanner can become suitable for scanning in the mouth or in the 

15 ear. Since the ear is a smaller cavity than the mouth, the tip for fitting into an 

ear may be smaller than a tip for fitting in the mouth. 

In some embodiments the handheld device is a surgical instrument. In some 

embodiments, the surgical instrument comprises at least one motion sensor, 

20 which is built-in in the instrument. 

In some embodiments the handheld device is a mechanical tool. In some 

embodiments, the tool has at least one motion sensor built in. In other 

embodiments, other user-interface elements are built in as well, for example 

25 buttons, scroll wheels, touch-sensitive fields, or proximity sensors. 

In some embodiment the 3D geometry of the 3D environment is known a­

priori or a 3D representation of the environment is known a priori, i.e. before 

the actions (s) are performed. For example in surgery, a CT scan may have 

30 been taken before the surgical procedure. The handheld device in this 

example could be a surgical instrument that a physician needs to apply in the 



0026 Exhibit 1005 page 26 of 45 
DENTAL IMAGING

16 

proper 3D position. To make sure this proper position is reached, it could be 

beneficial to view the 3D environment from multiple perspectives 

interactively, i.e. without having to release the surgical instrument. 

5 An advantage of the system, also in the above surgery example, is the ability 

of the handheld device to record the 3D environment at least partially, 

typically in a 3D field-of-view that is smaller than the volume represented in 

the a-priori data. The 3D data recorded by the handheld device can be 

registered in real time with the a-priori data, such that the position and 

1 0 orientation of the device can be detected. 

In some embodiments the 3D geometry comprises a 3D surface of the 

environment. 

15 In some embodiments the 3D geometry comprises a 3D volumetric 

representation of the environment. 

Thus the 3D environment can be displayed as volumetric data, or as surface, 

or a combination thereof. Volumetric data are typically represented by voxels. 

20 Voxels can comprise multiple scalar values. Surface data are typically 

represented as meshed, such as triangulated meshes, or point clouds. 

25 

The scanning may be performed by means of LED scanning, laser light 

scanning, white light scanning, X-ray scanning, and/or CT scanning. 

The present invention relates to different aspects including the system 

described above and in the following, and corresponding systems, methods, 

devices, uses, and/or product means, each yielding one or more of the 

benefits and advantages described in connection with the first mentioned 

30 aspect, and each having one or more embodiments corresponding to the 
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embodiments described in connection with the first mentioned aspect and/or 

disclosed in the appended claims. 

In particular, disclosed herein is a method of interaction between a handheld 

5 device and at least one display, where the method comprises the steps of: 

- performing at least one action in a physical 3D environment by means of 

the handheld device; 

- visually representing the physical 3D environment by the at least one 

display; and 

1 0 - remotely controlling the view of the represented 3D environment on the 

display by means of the handheld device. 

Furthermore, the invention relates to a computer program product comprising 

program code means for causing a data processing system to perform the 

15 method according to any of the embodiments, when said program code 

means are executed on the data processing system, and a computer 

program product, comprising a computer-readable medium having stored 

there on the program code means. 

20 According to another aspect, disclosed is a system comprising a handheld 

device for operating in a 3D environment and at least one display for 

visualizing said environment, where the display is adapted to represent said 

environment from multiple perspectives, 

where said device is adapted to be held in one hand by an operator, and 

25 where the perspective represented in the at least one display is at least partly 

determined by the motion of the operator's hand holding said device. 

According to another aspect, disclosed is a system comprising a handheld 

device for operating in a 3D environment and at least one display for 

30 visualizing said environment, where the display is adapted to represent said 

environment in multiple views, 
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where said device is adapted to be held in one hand by an operator, where 

the view represented in the at least one display is at least partly determined 

by the motion of the operator's hand holding said device, and where the 

device has at least one touch-sensitive user interface element. 

Definitions 

3D geometry: A constellation of matter or its virtual representation in a three-

1 0 dimensional space. 

3D environment: A constellation of physical objects each having a 3D 

geometry in a three-dimensional space. 

15 View: The way a 3D environment is represented on a display. Geometrically, 

a view is determined by the virtual observer's/camera's position and 

orientation. If the display is two-dimensional, the view is also determined by 

the type of projection. A view may also be determined by a magnification 

factor. Graphically, a view can show the 3D environment by means of 

20 photographs or as some kind of virtual representation such as a computer 

graphic, or similar. A computer graphic can be rendered for example with 

texture and/or shading and/or virtual light sources and/or light models for 

surface properties. A computer graphic can also be a simplified 

representation of the 3D environment, for example a mesh, an outline, or an 

25 otherwise simplified representation. All or parts of the 3D environment can 

also be rendered with some degree of transparency. A view may represent 

the 3D environment in total or only parts thereof. 

Functionality: A purpose or intended use. 

30 
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Performing action(s) or operating functionality: Actions or functionality that 

includes some type of interaction with a 3D environment, such as measuring, 

modifying, manipulating, recording, touching, sensing, scanning, moving, 

transforming, cutting, welding, chemically treating, cleaning, etc. The term 

5 "operating" is thus not directed to surgical procedures, but operating may 

comprise surgical procedures. 

10 

User Interface Functionality: Functionality for interaction between a human 

user and a machine with a display. 

Handheld device: An object that has at least one functionality and that is held 

by a human operator's hand or both hands while performing this at least one 

functionality. 

15 3D scanner: A device that analyzes a real-world object or 3D environment to 

collect data on its shape and possibly its appearance. 

20 

Coverage of scan: The degree to which a physical surface is represented by 

recorded data after a scanning operation. 

Motion sensor: A sensor detecting motion. Motion can be detected by: sound 

(acoustic sensors), opacity (optical and infrared sensors and video image 

processors), geomagnetism (magnetic sensors, magnetometers), reflection 

of transmitted energy (infrared laser radar, ultrasonic sensors, and 

25 microwave radar sensors), electromagnetic induction (inductive-loop 

detectors), and vibration (triboelectric, seismic, and inertia-switch sensors). 

MEMS accelerometers, gyros, and magnetometers are examples of motions 

sensors. 

30 Workflow: a sequence of tasks implemented in software. 
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Brief description of the drawings 

The above and/or additional objects, features and advantages of the present 

5 invention, will be further elucidated by the following illustrative and non­

limiting detailed description of embodiments of the present invention, with 

reference to the appended drawings, wherein: 

Fig. 1 shows an example of the system comprising a handheld device and a 

1 o display. 

Fig. 2 shows an example of user interface functionality in the form of remote 

controlling using the handheld device. 

15 Fig. 3 shows an example of the handheld device. 

20 

25 

Fig. 4 shows an example of a flow-chart of a method of interaction between a 

handheld device and a display. 

Detailed description 

In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

Fig. 1 shows an example of the system comprising a handheld device and a 

display. The hand held device 100 is in this example an intraoral dental 

scanner, which records the 3D geometry of the patient's teeth. The operator 

102 moves the scanner along the teeth of the patient 104 for capturing the 

30 3D geometry of the relevant teeth, e.g. all teeth. The scanner comprises 

motion sensors (not visible) for taken the movement of the scanner into 
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account while creating the 3D model 105 of the scanned teeth. The display 

101 is in this example a PC screen displaying the data recorded by the 

scanner. 

5 Fig. 2 shows an example of user interface functionality in the form of remote 

controlling using the handheld device. The motion sensors (not shown) in the 

hand held device 100, e.g. scanner, provide that the user 102 can determine 

the view shown on the display 101, e.g. screen, by moving the handheld 

device 100. 

1 O Fig. 2a) shows that pointing the device 100 down can provide that the 3D 

model 105 of the scanned teeth is shown from a downward viewing angle. 

Fig. 2b) shows that holding the scanner in a horizontal position can provide 

that the viewing angle is likewise horizontally from the front, such that the 3D 

model 105 of the scanned teeth is shown from the front. 

15 

Fig. 3 shows an example of the handheld device. 

The handheld device 100 is in this example an intraoral scanner with a pistol­

grip. The scanner comprises a housing 106 comprising the pistol-grip part 

107, and a tip 108 adapted for insertion in the mouth of the patient. In this 

20 example the scanner also is equipped with a button 103 which is an 

additional element providing user-interface functionality. 

The example system as shown in fig. 1, fig. 2 and fig. 3 comprises a device 

100 which is a hand held intraoral scanner and a display 101 which is a 

25 computer screen. The operator 102 may be a dentist, an assistant and/or the 

like. In an example, the action performance or operation functionality of the 

device 100 is to record some intraoral 3D geometry, and the user interface 

functionality is to rotate, pan, and zoom the 3D model 105 of the scanned 

data on the computer screen 101. The integration of the user interface 

30 functionality in the device 100 is provided by motion sensors (not visible), 

which can be accelerometers inside the scanner 100, whose readings 
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determine the orientation, as seen in Figs 2a and 2b, of the display on the 

screen of the 3D model 105 of the teeth acquired by the scanner 100. 

Additional functionality, e.g. to start/stop scanning, may be provided by the 

button 103 as seen in fig. 3. In the example system, the button 103 is located 

5 where the user's index finger can reach it conveniently. 

In fig. 1 the dentist 102 uses two hands to hold the intraoral scanner 100 

while scanning, but it is understood that the scanner 100 can also be held 

with one hand while scanning. The device 100 can also be held with one or 

1 0 two hands, while changing the perspective of the 3D model 105 in the display 

101. The example shown in Figure 1 thus illustrates the advantage of the 

touchless user interface functionality, because in many clinical situations, the 

operator 102 should maintain both hands clean, disinfected, or even sterile. 

15 The 3D user interface functionality may be exploited in a separate location 

than the operation functionality. For the above intraoral scanning system 

example, the scanning operation is performed in the oral cavity of the patient, 

see fig. 1, while the user interface functionality is more flexibly exploited 

when the scanner is outside the patient's mouth, see figs 2 and 3. 

20 

Fig. 4 shows an example of a flow-chart of a method of interaction between a 

handheld device and a display. 

In step 101 at least one action in a physical 3D environment is performed by 

means of the handheld device. This action may the scanning of teeth as 

25 shown in fig. 1. 

In step 102 the physical 3D environment is visually represented by the at 

least one display. This may be the display of the 3D model of the scanned 

teeth as seen in fig 1. 

In step 103 the view of the represented 3D environment shown on the display 

30 is remotely controlled on the display by means of the handheld device. This 

may be the control of the viewing angle of the 3D model as seen in fig. 2. 
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All the steps of the method may be repeated one or more times. The order in 

which the steps are performed may be different than the order described 

above, which is indicated by the dotted lines in the figure. If one or more of 

the steps are performed more times, the order of the steps may also be 

5 different. 

Although some embodiments have been described and shown in detail, the 

invention is not restricted to them, but may also be embodied in other ways 

within the scope of the subject matter defined in the following claims. In 

1 0 particular, it is to be understood that other embodiments may be utilised and 

structural and functional modifications may be made without departing from 

the scope of the present invention. 

In device claims enumerating several means, several of these means can be 

15 embodied by one and the same item of hardware. The mere fact that certain 

measures are recited in mutually different dependent claims or described in 

different embodiments does not indicate that a combination of these 

measures cannot be used to advantage. 

20 It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

steps or components but does not preclude the presence or addition of one 

or more other features, integers, steps, components or groups thereof. 

25 The features of the method described above and in the following may be 

implemented in software and carried out on a data processing system or 

other processing means caused by the execution of computer-executable 

instructions. The instructions may be program code means loaded in a 

memory, such as a RAM, from a storage medium or from another computer 

30 via a computer network. Alternatively, the described features may be 



0034 Exhibit 1005 page 34 of 45 
DENTAL IMAGING

24 

implemented by hardwired circuitry instead of software or in combination with 

software. 

5 Literature: 

C. Graetzel, T. Fong, S. Grange, and C. Baur. A Non-Contact Mouse for 

Surgeon-Computer Interaction. Technology and Health Care, 12(3), 2004. 

1 0 Vogt S., Khamene A., Niemann H., Sauer F., An AR system with intuitive 

user interface for manipulation and visualization of 3D medical data, Stud. 

Health Technol. Inform. 2004;98, pp. 397-403. 

15 
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