
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date ft ft

26 April 2012 (26.04.2012) 2012/052069 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G06F 3/041 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/EP20 10/069741 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

15 December 2010 (15.12.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/405,685 22 October 2010 (22.10.2010) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SONY GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ERICSSON MOBILE COMMUNICATIONS AB [SE/ ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
SE]; S-221 88 Lund (SE). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventor; and
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(75) Inventor/Applicant (for US only): KLINGHULT, Gun-
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,nar [SE/SE]; Anggatan 10A, S-223 59 Lund (SE).
GW, ML, MR, NE, SN, TD, TG).

(74) Agents: BANZER, Hans-Jorg et al; Kraus & Weisert,
Published:

Thomas-Wimmer-Ring 15, 80539 Munchen (DE).
— with international search report (Art. 21(3))

(54) Title: MOBILE COMMUNICATION DEVICE WITH THREE-DIMENSIONAL SENSING AND A METHOD THERE-
FORE

Dist nc (Z)

Fig 3
(57) Abstract: The present invention relates to a mobile communication device and a method for three- dimensional sensing of
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prises input means (100) having at least two sensors (18, 20, 22) configured for collecting data about objects in said spatial vol
ume and a processing logic (130) for processing spatial object data. The method comprises and the mobile communication device
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termined distance; collecting data about the detected object from each sensor (18, 20, 22); and calculating the position of the de
tected object by using the collected data together with the looked up weight parameters (A„, B„, C„).



MOBILE COMMUNICATION DEVICE WITH THREE-DIMENSIONAL SENSING

AND A METHOD THEREFORE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a mobile communication device with three-dimensional

sensing and a method therefore. The three-dimensional sensing is preferably used for

detecting objects in a spatial volume above a display of the mobile communication

device.

DESCRIPTION OF RELATED ART

Many of the mobile communication devices of today are equipped with a touch

sensitive display or a camera. Such a touch sensitive display is used as input means with

which a user may interact. Some of the displays of today may also sense an object or

gesture in close proximity of the display. Thus, it is actually not always necessary to

touch the display in order to interact with the mobile communication device.

Also the camera of the mobile communication device may be use to detect or sense an

object or gesture. However, the range of the camera is typically limited and does not

work satisfactory at all in proximity of the camera.

Thus, there is a need to be able to sense an object or gesture above a display of a mobile

communication device within a much greater range and in three dimensions than is

possible today and also to optimize the spatial resolution in such range.

I¾ree-dimensional sensing of objects and gestures above the mobile communication

device will give the user a possibility to interact in new ways and in three dimensions

with the mobile communication device. The present invention may for example be used

together with three-dimensional displays and/or gaming.



SUMMARY OF THE INVENTION

Hence, it is an object of the present invention to overcome the above-identified

deficiencies related to the prior art and create a mobile device and a method therefore

that is able to sense an object or gesture in three dimensions and within a greater

detection volume and with better resolution above the display of the mobile

communication device.

According to a first aspect of the invention this object is fulfilled by mobile

communication device capable of three-dimensional sensing of objects in a spatial

volume above a display of the mobile communication device. The device comprises

input means having at least two sensors configured for collecting data about objects in

said spatial volume and a processing logic for processing spatial object data. The mobile

communication device is configured to execute the following steps when it is in an

detection mode; receiving an detection signal from at least one of the sensors indicating

that an object is present above the display; determining the distance to the detected

object; looking up weight parameters associated with each sensor in a look up table,

said weight parameters being dependable on the determined distance; collecting data

about the detected object from each sensor; and calculating the position of the detected

object by using the collected data together with the looked up weight parameters.

In a preferred embodiment of the mobile communication device said weight parameters

are further dependable on the ambient light conditions.

In yet another embodiment of the mobile communication device said weight parameters

are further dependable on the surrounding humidity.

In another embodiment of the mobile communication device, the input means comprise

at least a capacitive sensor and an electric filed sensor.



In a further variation of the mobile communication device, the input means also

comprises an optical sensor.

In yet a further embodiment of the mobile device the display is a force sensitive display

configured to act as one of the at least two sensors.

According to a second aspect of the present invention this object is fulfilled by a method

for three-dimensional sensing of objects in a spatial volume above a display of the

mobile communication device. The mobile communication device comprises input

means with at least two sensors configured for collecting data about objects in said

spatial volume and a processing logic for processing spatial object data. The method

comprises the following steps; receiving an detection signal from at least one of the

sensors indicating that an object is present above the display; determining the distance

to the detected object; looking up weight parameters associated with each sensor in a

look up table, said weight parameters being dependable on the determined distance;

collecting data about the detected object from each sensor; and calculating the position

of the detected object by using the collected data together with the looked up weight

parameters.

According to one embodiment of the method said weight parameters are further

dependable on the ambient light conditions.

In yet another embodiment the method said weight parameters are further dependable

on the surrounding humidity.

In a variation of the method the data is collected from at least a capacitive sensor and an

electric filed sensor.

In yet another embodiment of the method the data is also collected from an optical

sensor.

In another embodiment of the method the data is collected from a force sensitive display

configured to act as one of the at least two sensors.



BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail in relation to the enclosed

drawings, in which:

Figure I schematically shows a mobile communication device according to the present

invention,

Figure 2 illustrates a block diagram of different elements of a mobile communication

device,

Figure 3 is a diagram showing the spatial resolution of different sensors and the

aggregated spatial resolution of the sensors, and

Figure 4 shows a flow chart showing the steps of the method according to the present

invention.

DETAILED DESCRIPTION OF EMBODIMENTS

A mobile communication device according to the present invention will now be

described in relation to a cellular telephone, which is a preferred variation of the

invention. However, the multiple sensors for sensing an object in three dimensions

above a spalial volume above some kind of display is also applicable to other mobile

communication devices such as a cordless telephone, a PDA, a lap top computer, a

media player, such as MP3 player or DVD player or any other type of portable device

having a display and communicating with radio waves.

Figure 1 show an exemplary mobile communication device 2, in which the three-

dimensional sensing according to the present invention may be implemented. As shown

the mobile communication device 2 may include control buttons or keys 10, a display



12, a speaker 14, a microphone 16, a first sensor 18, a second sensor 20 and a third

sensor 22.

It should be understood that the mobile communication device 2 is surrounded by a

housing, not specially denoted in figure 1, which may protect the mobile

communication device 2 from wear and outside elements. The housing is designed to

hold various elements of the mobile communication device 2, such as the display 12,

the sensors 18-22 etc as is well known by a person skilled in the art.

Also the speaker 14 and the microphone 16 are well known elements of a mobile

communication device 2 and are therefore not discussed any further. When it comes to

the display 12 it may be an ordinary display for displaying information or it may be

used as a sensor as will be described in more detail below. The control buttons or keys

10 may be omitted if for example the display is a touch sensitive display, which is

configured to show virtual keys or control buttons. Of course, as is realized by a skilled

person a combination of hardware keys and virtual keys may also be used.

The three sensors 18-22 depicted in figure 1 are used for three-dimensional sensing of

an object or gestures in a spatial volume above the display 12 of the mobile

communication device 2. They are preferably arranged such that they have a detection

direction that is perpendicular from the display, i.e. the z-direction. However, depending

of the use of the sensed three-dimensional senor data the sensors may be arranged and

configured in another direction as is realized by a person skilled in the art. There are

many sensors that may be used for this purpose. Examples of such sensors are optical

passive sensors, such as cameras or long wave infrared sensors. Most mobile

communication devices 2 of today are already equipped with a camera, which makes it

extra suitable to use the camera as one of the sensors for three-dimensional sensing.

Other sensors are optical active sensors, which use infrared light to illuminate the object

and then use optical sensors, like an infrared sensitive camera or infrared photodiodes,

to detect and locate the object.



Furthermore, sensors such as electrical field sensors, capacitive sensors, ultrasound

sensors or radar may be used to detect the object or objects in the spatial volume above

the display.

Figure 2 shows a block diagram of components usually present in a mobile

communication device 2. A mobile communication device may include input means

100, output means 110, filter means 120, processing logic 130 and memory means 14 0

The mobile communication device may be configured in a number of different ways

and include other or different elements as is well known by a person in the art, such as

modulators, demodulators, encoders, decoders etc. for processing data.

The input means 100 may include all mechanisms that a user uses in order to input

information into the mobile communication device, such as a microphone 16, a touch

sensitive display 12 and keys 10 etc. Also the three sensors for sensing an object may be

defined as input means 100.

Output means 110 may include all devices that output information from the mobile

communication device including the display 12, the speaker 14 etc. The filter means

120 may be used to weight the input signals from the different sensors 18-22, as will be

described in detail below.

The processing logic 130 may include one or more processors, microprocessors,

application specific integrated circuits or the like. The processing logic 130 may execute

software instructions/programs or data structures in order to control the operation of the

mobile communication device 2. it is also possible to use the processing logic 130 to

implement the filter means 120. The memory means 140 may be implemented as a

dynamic storage device, a static storage device, a flash memory etc. The memory means

140 may be used to store information and/or instructions for execution by the

processing logic 130, temporary variables or intermediate information during execution

of instructions by the processing logic 130 etc.



In order to better understand how the three-dimensional sensing is implemented in the

mobile communication device 2 an example using three different types of sensors will

be described. The reason why three sensors are used and not just one is that the different

sensors have different spatial resolution that will change with distance, i.e. one sensor

may have a high resolution as the object is close to the display and another sensor may

have a high resolution when the object is further away from the display of the

communication device. This is illustrated by figure 3 that shows the resolution of the

three above mentioned sensors depending o the distance fro the display. The curves

depicted in figure 3 will besides distance and type of sensor, as mentioned above, also

depend on several other parameters such as number of sensors within each sensor type,

optical properties such as depth of field etc.

t should be understood that the number of sensors used to accomplish the three-

dimensional sensing according to the present invention may vary depending on the

range in which an object is to be detected. The important thing is that there are at least

two sensors in order to be able to fusion data from the different sensors, which will be

explained closer below. Thus, the expression multiple as used in the present application

will mean at least two sensors.

The multiple sensors used in this preferred example are a first capacitive sensor 8, a

second electric field sensor 20 and a third optical sensor 22. Turning now to figure 3

again, the resolution for each sensor 18-22 in a Z-direction is shown, i.e. in a direction

perpendicular to the display 12. The first capacitive sensor 18 will work in a range of

for example Z ~ 0 to about 25-40 mm. As the outer limit is approached the signal-to-

noise ratio will decrease which will decrease the spatial resolution. Thus, beyond a

distance of about 40 mm the first capacitive sensor 18 will not be very useful for three-

dimensional sensing of an object. Then instead the second electric field sensor 20 may

be used, which for example has an effective range between 25 to 150 mm before the

signal-to-noise ratio will decrease and negatively affect the spatial resolution. Above

this range the third optical sensor 22 may be used, which may have an effective range of

100-300 mm. An example of an optical sensor 22 may be infrared light emitting diodes



that illuminate the object to be detected together with at least three optical sensors that

use triangulation in order to detect the object.

Even though specific sensors have been described in the example above, it should be

understood that there are other sensors that may be used and that have different

resolutions compared to the sensors depicted in figure 3. It may for example be possible

to use a touch sensitive display as one sensor. Said display may be able to sense the

applied force thereon and in response thereto also issue a signal representing a Z-value

in the negative Z-direction. It is also possible to use a camera, which most mobile

communication devices are equipped with today, as a sensor, usually having a detection

range from about 100 mm and there above.

In order to optimize spatial resolution when an object is sensed, the sensor data from the

multiple sensors 18-22 are fused. A filter means 120 is applied in order to fusion the

sensor data. The filter means weights the input signal from the sensors depending on

distance in the Z-direction. By weighting the sensor data an optimal resolution is

obtained, shown with the dotted line 200 in figure 3.

The distance for the above example may for instance be calculated as:

Z = (A*ZSensorl + B*ZSensor2 + C*ZSensor3)

where A, B and C will be weight functions of Z. A, B and C will be adjusted to reflect

the quality of a signal (signal-to-noise ratio) for a given distance. The values for the

parameters A, B and C may be obtained from a model or a look up table, which may be

stored in the memory means 140. There will be a separate and specific look up table for

each sensor.

The filter, i.e. the parameters A, B and C may also be dependable on and adaptive to

changes in the surrounding environment, such as ambient light, humidity etc, in order to



be able to compensate for such changes. Also such adaption to the surrounding

environment may be stored in a look up table for each sensor.

It should be understood that even if the above example equation only shows the value in

the Z-direction, the above principle may be extended to three dimensions since the

sensors spatial sensitivity may be different. One example of this is electric field

detection, which has a spherical detection range, compared to for example optical

triangulation, which has a more conical detection range.

in order to fully understand the present invention a method for three-dimensional

sensing of an object above the display of the mobile communication device will now be

described in conjunction with figure 4.

The method starts first when the mobile communication device has been set in a three-

dimensional detection mode. In the detecting mode, the three sensors 18-22 will be in

an active mode and ready to detect an object or gesture. Thus, in a first step the mobile

communication device is waiting for an object or gesture to be detected. When at least

one of the sensors receives a detection signal indicating that an object is present above

the display 12, the different sensors will start to collect data about the object. The

collected data is used to determine the distance to the object, in this example the

distance in the z-direction. If the distance for example is 30 mm, this value will be used

to determine which weight each sensor will have in sensing the object. At this distance

the first capacitive sensor 18 will have a high signal quality, the electric field sensor 20

have an acceptable signal quality and the optical sensor 22 have a very poor signal

quality. Thus, in a next step the distance data is used to look up the weight parameters

A, B and C associated with each sensor for this given distance. The parameters are used

i the above described equation for the Z-direction.

Z = (A*ZSensorl + B*ZSensor2 + C*ZSensor3).



In this case the parameter may be A-0.8, B=0.2 and C=0 to reflect the distance to the

object of 30 mm. Thus, since sensor A, the first capacitive sensor 18, has the highest

signal quality and thereby the smallest error range it will be given the most weight

(80%) of the fusioned sensor data. Sensor B, the electric field sensor 20, which has an

acceptable signal quality will be given a substantially smaller weight (20%) and the

optical sensor 22 will in this case be given no weight, since its has a very poor signal

quality. The sum of the different senor weights will always be 1, i.e. 100%.

It should be noted that above example shows the distance in the z-direction, but as is

realized the same principle may be used for the X- and Y- direction, according to the

following equations:

X = (A1*XSensor1 + B,*XSensor2 + C1*XSensor3) and

Y - (A2*YSensor1 + B2*YSensor2 + C2*YSensor3),

where An, Bn and Cn, will be weight functions of X and Y, respectively. As is realized by

a person skilled in the art the three above equations may also be merged to one

equation. Thus, the important thing is not how one goes about to fusion the data from

different sensors, but instead that the data from the sensors are fusioned in order to

optimize the spatial resolution.

After the parameters An, Bn and Cn have been acquired from the look up table the

position of the detected object is calculated. Thus, the fusion of data will create an

optimized resolution as shown with the dotted line in figure 3. After the fusion of data a

signal containing information about the location of the object in the X-, Y-, Z-direction

is sent to the processing logic. The information about the object may be used by the

mobile communication device for gesture control of the display or gaming or other

activities. In a preferred embodiment of the present invention the sensors may also

collect information about the ambient environment such as light conditions in order to

further optimize the spatial resolution.



It should be understood that the foregoing has described principles, preferred

embodiments and modes of operation of the present invention. However, the invention

should not be limited to particular embodiment discussed above, which should be

regarded as illustrative rather then restrictive. Thus, as mentioned above the general

inventive concept of the present invention is to fusion data from different sensors in

order to optimize the spatial resolution of the tree-dimensional sensing. Thus, the

present invention is best defined by the following claims.



CLAIMS

1. A mobile communication device with three-dimensional sensing of objects in a

spatial volume above a display (12) of the mobile communication device (2),

comprising input means ( 100) having at least two sensors ( 18, 20, 22) configured

for collecting data about objects in said spatial volume and a processing logic

(130) for processing spatial object data, said mobile communication device is

configured to execute the following steps when it is in an detection mode,

receiving an detection signal from at least one of the sensors (18, 20, 22)

indicating that an object is present above the display (12),

determining the distance to the detected object,

looking up weight parameters (An; Bn ;Cn) associated with each sensor (18,

20, 22) in a look up table, said weight parameters (An ; Bn; Cn) being dependable

on the determined distance,

collecting data about the detected object from each sensor ( 18, 20, 22),

calculating the position of the detected object by using the collected data

together with the looked up weight parameters (An; Bn; Cn).

2. The mobile communication device according to claim 1, wherein said weight

parameters (An ; Bn; Cn) further are dependable on the ambient light conditions.

3. The mobile communication device according to claim 1 or 2, wherein said weight

parameters (An ; Bn; Cn) further are dependable on the surrounding humidity.

4. The mobile communication device according to any of the previous claims,

wherein the input means (100) comprises at least a capacitive sensor (18) and an

electric field sensor (20).

5. The mobile communication device according to claim 4, wherein the input means

(100) further comprises an optical sensor (22).



6. Mobile device according to any of the preceding claims, wherein the display (12)

is a force sensitive display and configured to act as one of the at least two sensors.

7. Method for three-dimensional sensing of objects in a spatial volume above a

display (12) of a the mobile communication device (2), comprising input means

(100) having at least two sensors (18, 20, 22) configured for collecting data about

objects in said spatial volume and a processing logic (130) for processing spatial

object data, said method comprising the following steps,

receiving an detection signal from a least one of the sensors (18, 20, 22)

indicating that an object is present above the display (12),

determining the distance to the detected object,

looking up weight parameters (An Bn; Cn) associated with each sensor (18,

20, 22) in a look up table, said weight parameters (An Bn; C ) being dependable

on the determined distance,

collecting data about the detected object from each sensor (18, 20, 22),

calculating the position of the detected object by using the collected data

together with the looked up weight parameters (An ; Bn; Cn).

8. The method according to claim 7, wherein said weight parameters (An ; Bn; Cn)

further are dependable on the ambient light conditions.

9. The method according to claim 7 or 8, wherein said weight parameters (A ; B ;

C ) further are dependable on the surrounding humidity.

10. The method according to any of claims 7 to 9, wherein the data is collected from

at least a capacitive sensor (18) and an electric filed sensor (20).

11. The method according to claim 10, wherein the data further is collected from an

optical sensor (22).

12. Method according to any of claims 7 to 11, wherein the data is collected from a

force sensitive display (12) configured to act as one of the at least two sensors.
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