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DESCRIPTION
TECHNICAL FIELD

[0001] The invention relates to the field of multimedia playing, particularly to a method and a 
system for achieving a self-adaptive surround sound.

BACKGROUND ART

[0002] With the development of multimedia technology, categories of multimedia devices 
enabling people to enjoy multimedia audio-visual functions are changing with each passing 
day. The present invention relates to a multimedia device that possesses a camera and a 
loudspeaker array and needs to achieve surround sound effect. For the sake of convenience, 
smart television is taken as an example to elaborate the invention here.

[0003] With the improvement of television manufacturing technology and display technology, 
household televisions become lighter and thinner and pictures, are clearer and brighter. 
Correspondently, people have a higher requirement for audio player system.

[0004] Currently, smart television has possessed a light thin player system, for example, 
Soundbar, substituting the loudspeaker array for 5.1 player system which is of large volume 
and scattered arrangement. The loudspeaker array has a built-in digital signal processing chip 
which can accomplish sound processing. But one defect of the light thin loudspeaker array is 
insufficient surround sound effect. Existing solutions are Dipole stereo extension technology 
and beamforming technology, etc. Dipole has a relatively small listening area and has 
restriction for sitting position of users, thus it is difficult to create abundant surround sound in a 
larger area. And the beamforming technology can make full use of inner structure of the hull 
and array characteristics, so that the sound from the loudspeaker array can form a sound 
beam pointing to wall, thus abundant surround sound effect can be created in the entire hall 
using multiple reflections and scatterings by the wall.

[0005] However, prior technology that uses beamforming to create surround sound in the hall 
must have an acoustic calibration process in order to ensure that the sound beam indeed 
points to side wall and produces the reflection and surround effect. Therefore, the following 
problems are caused: First, manual calibration is needed before the loudspeaker array is used, 
thus the process is tedious. Second, additional calibration device is needed, such as 
measurement microphone, etc. Third, the listening position of users is limited to a narrower 
scope. If the users want to enjoy a favorable surround sound effect in other positions, the 
loudspeaker array needs to be calibrated again.

[0006] Document JP 2013 157843 A relates to a sound field controller. The self-adapting
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system creates surround sound with a loudspeaker array and wall reflections. The sound field 
is adapted to the user position by controlling the path of wall reflections by means of creating 
steered sound beams. For this purpose, the user position and specific room position 
information, necessary for calculating the sound beam paths, are visually determined with a 
camera and object recognition technology.

[0007] Document US 2013/121515 A1 relates to loudspeakers with position tracking using a 
camera. The camera system can aid setting up the array for real surround sound delivery, 
which bounces sound beams off wall. The sound beams may represent 2-D or 3-D sound 
sources in real time. Sound beam parameters are adjusted to the listener position in order to 
provide the listener with an impression of the 2-D or 3-D position and movement of sound­
producing entities of audio-visual programme material in real-time.

SUMMARY OF THE INVENTION

[0008] In view of aforesaid problem, the present invention provides a method and a system for 
achieving a self-adaptive surround sound to overcome aforesaid problem or at least partly 
solve aforesaid problem.

[0009] According to one aspect of the present invention, a method for achieving a self- 
adaptive surround sound is disclosed according to claim 1. According to another aspect of the 
invention, a system for achieving a self-adaptive surround sound is provided according to claim 
7. The present invention captures focusing images of specific positions of a room and a user 
by using object recognition and focusing control technology, and records the focusing 
parameters, and then calculates position information of the room relative to a camera and 
position information of the user relative to the camera, and calculates sound beams that can 
achieve surround sound at the position of the user according to the information, and 
determines parameters of a filter group of the loudspeaker array according to the calculated 
paths of the sound beams, and adjusts the filter group, and plays a sound signal via the loud 
speaker array after the sound signal is filtered by the filter group that has been adjusted 
according to the parameters, thus a self-adaptive surround sound is created at the position of 
the user in the objected room. The technical scheme of the invention can be free from an 
additional acoustic calibrating process and calibration device and does not need manual 
calibrating but can automatically calculate the orienting angle of the loudspeaker array sound 
beam that is suitable for the user, so that the user can experience abundant surround sound 
effect, and when the user moves to a new position, it can self-adaptively achieve a surround 
sound at the new position, not limiting the user's position and listening habit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
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Fig. 1 is a flow chart of a method for achieving a self-adaptive surround sound of an
embodiment of the invention;

Fig. 2 is a schematic diagram of the principle of a method for achieving a self-adaptive 
surround sound of an embodiment of the invention;

Fig. 3 is a schematic diagram of the paths of the sound beams for achieving a surround sound 
of an embodiment of the invention;

Fig. 4 is a schematic diagram of the position of an object to be recognized in a photo shot by a 
camera of an embodiment of the invention;

Fig. 5 is a schematic diagram of the distance relation between a user and a camera lens of an 
embodiment of the invention;

Fig. 6 is a schematic diagram of the angle relation between a user and a camera lens of an 
embodiment of the invention;

Fig. 7 is a schematic diagram of the distance relation between the left corner and a camera 
lens of an embodiment of the invention;

Fig. 8 is a schematic diagram of the angle relation between the left corner and a camera lens 
of an embodiment of the invention;

Fig. 9 is a schematic diagram of calculating the paths of the sound beams of an embodiment of 
the invention;

Fig. 10 is a schematic diagram showing that a corner on one side of the wall cannot be 
detected of an embodiment of the invention;

Fig. 11 is a schematic diagram showing that the sound beam might be blocked by a user of an 
embodiment of the invention;

Fig. 12 is a flow chart of a system for achieving a self-adaptive surround sound of an 
embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] The embodiments of the present disclosure are described in further detail with 
reference to the drawings below. Although the drawings show the embodiments of the present 
disclosure, it should be understood that the disclosure can be implemented in various forms 
and is not intended to be limited by the embodiments described here. On the contrary, the 
embodiments are provided to make the invention understood more thoroughly and to 
completely convey the scope of the disclosure to a person skilled in the art.
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[0012] Fig. 1 is a flow chart of a method for achieving a self-adaptive surround sound of an 
embodiment of the invention, and see Fig. 1, the method comprising:
Step S110, recognizing specific positions of a room and a user in the room by using an object 
recognition technology, controlling a camera to capture focusing images of recognized objects 
by using a focusing control technology, and recording corresponding focusing parameters.

[0013] Wherein the specific positions of the room comprise corners of the room, floor-wall 
boundaries that form the corners, midpoint on the floor-wall boundaries, and the like.

[0014] In an embodiment of the invention, floor-wall boundary recognition technology is used 
for recognizing corners and floor-wall boundaries, and focusing control technology is used for 
focusing on the corners and floor-wall boundaries and capturing the focusing images of the 
corners and floor-wall boundaries. In an embodiment of the invention, recognizing a user is 
specifically recognizing the face of the user, i.e. face recognition technology is used for 
recognizing the user's face, and focusing control technology is used for focusing on the user's 
face and capturing the focusing image of the user's face. The recorded focusing parameters 
comprise: focal length and image distance for capturing the focusing images. In other 
embodiments of the invention, other feasible technologies can be adopted to recognize the 
user, too.

[0015] That is, floor-wall boundary recognition technology is used for recognizing the left 
corner, the right corner, the midpoint on the left floor-wall boundary, and the midpoint on the 
right floor-wall boundary, wherein the midpoints on the boundaries are midpoints on the part of 
the boundaries that appear in the focusing images; face recognition technology is used for 
recognizing the user's face in the room; after the objects are recognized, calculating the area 
where the objects are located, and the camera can precisely focus on the recognized objects 
and form clear images according to the calculating result. There are various ways of achieving 
precise focusing and clear imaging. Depending on the type of camera, it can be drive focusing 
motor of ordinary camera, or light field reestablishment of light field camera. In the description 
of the scheme of the invention, drive focusing motor is taken as an example to describe the 
way of precisely focusing on the object and forming clear images.

[0016] In the embodiments of the invention, only single user's facial focusing image is 
captured. If there are multiple people in the room, the person closest to the center of the room 
is taken as the user whose facial focusing image is captured.

[0017] Step S120, calculating position information of the room relative to the camera and 
calculating position information of the user relative to the camera according to the captured 
focusing images and the recorded corresponding focusing parameters.

[0018] The camera can be a passive focusing camera, an active focusing camera, or a
camera with depth perception.

[0019] In the step: calculating object distances of the left corner, the right corner, the midpoint
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on the left floor-wall boundary, and the midpoint on the right floor-wall boundary from the 
camera respectively and the angles of the left corner, the right corner, the midpoint on the left 
floor-wall boundary, and the midpoint on the right floor-wall boundary relative to the central axis 
of the camera lens, and calculating equation of the left floor-wall boundary, equation of the 
right floor-wall boundary and equation of the opposite floor-wall boundary; and calculating the 
object distance of the user from the camera and angle of the user relative to the central axis of 
the camera lens.

[0020] In an embodiment of the invention, according to the recorded focal length and image 
distance when capturing focusing image of the user's face, the object distance of the user from 
the camera is obtained based on conjugate imaging principle; according to the position of the 
user's face in the focusing image in combination with a visual angle parameter of the camera 
lens, the angle of the user relative to the central axis of the camera lens is determined; 
similarly, the object distances of the left corner, the right corner, the midpoint on the left floor­
wall boundary, and the midpoint on the right floor-wall boundary from the camera and the 
angles of the left corner, the right corner, the midpoint on the left floor-wall boundary, and the 
midpoint on the right floor-wall boundary relative to the central axis of the camera lens are 
obtained respectively; the equation of the left floor-wall boundary is obtained according to the 
coordinate information of the left corner and the midpoint on the left floor-wall boundary and 
based on the principle of two points defining a straight line; the equation of the right floor-wall 
boundary is obtained according to the coordinate information of the right corner and the 
midpoint on the right floor-wall boundary and based on the principle of two points defining a 
straight line. Here the position information of the room relative to the camera can be 
determined according to the coordinate of the left corner and the right corner and the 
equations of the left floor-wall boundary and the right floor-wall boundary.

[0021] Step S130, calculating the paths of sound beams that can achieve the surround sound 
at the position of the user in the room according to the calculated position information of the 
room relative to the camera and the position information of the user relative to the camera and 
relative positional relation between the camera and the loudspeaker array.

[0022] Step S140, determining parameters of the filter group of the loudspeaker array 
according to the calculated paths of the sound beams, and adjusting the filter group of the 
loudspeaker array using the parameters.

[0023] That is, after the orienting angle of the sound beam is obtained by calculation, calculate 
the filter group of the loudspeaker array.

[0024] Step S150, playing an audio signal via the loudspeaker array after the audio signal is 
filtered by the filter group that has been adjusted according to the parameters to form surround 
sound at the position of the user in the room.

[0025] The method shown in Fig. 1 can self-adaptively create a surround sound at the position
of the user in the objected room. And the method does not need manual calibration and, for
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smart television, does not need an additional hardware. And when the user moves to another
position, it can timely and self-adaptively achieve a surround sound at the position after
moving.

[0026] Fig. 2 is a schematic diagram of the principle of a method for achieving a self-adaptive 
surround sound of an embodiment of the invention. As is shown in Fig. 2, the method of the 
embodiment comprises three steps:

First step, object recognition and imaging: the function of the step is recognizing specific 
positions of a room (i.e. the left and right corner and the midpoints of the left and right floor­
wall boundaries of an embodiment of the invention) and a user's face by using object 
recognition technology, that is, by using floor-wall boundary recognition technology and face 
recognition technology respectively, and controlling a camera to automatically focus and 
capture the focusing images of corresponding objects, and meanwhile recording the focusing 
parameters for capturing the focusing images.

Second step, position information acquiring: the position information acquiring comprises 
calculation of position information of the user relative to the loudspeaker array and calculation 
of position information of the room relative to the loudspeaker array.

Third step, sound beam control: according to the relevant data calculated in the second step, 
calculate the paths of a sound beams that can achieve the surround sound at the position of 
the user in the room. Calculate parameters of the filter group according to the calculated paths 
of the sound beams. After filtering, the sound source signal is played via the loudspeaker array 
to form a surround sound. For each loudspeaker unit, the sound source of left channel is 
superposed after being filtered by the left sound beam filter group, and the sound source of 
right channel is superposed after being filtered by the right sound beam filter group, and then 
the sound is played via the loudspeaker unit after joint superposition.

[0027] The reason for distinguishing left and right sound beam filter group is because, for each 
unit, the two sound beams of left channel are left sound source being filtered by two filters 
which are left sound beam 1 filter and left sound beam 2 filter, and the sound beams of right 
channel are right sound source being filtered by two filters which are right sound beam 1 filter 
and right sound beam 2 filter. Each filter has independent meaning and different weight, and 
should be handled separately. And left sound source and right sound source are also different, 
thus the left and right filter group should be distinguished.

[0028] Fig. 3 is a schematic diagram of the paths of the sound beams for achieving a surround 
sound of an embodiment of the invention. In the embodiment of the invention, the sound beam 
that can achieve surround sound at the position of the user in the room refers to: the sound 
beam among various sound beams from the sound source reaching the position of the user 
after one reflection or two reflection by the wall. Specifically, for the paths of the sound beams 
that can achieve surround sound at the position of the user in the room, as is shown in Fig. 3, 
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the sound source of left channel forms two sound beams which are reflected once and twice by 
the wall respectively and then reach the user. The right channel is the same. That is, the sound 
beams that can achieve surround sound at the position of the user in the room in the 
embodiment comprise: left sound beam 1, left sound beam 2, right sound beam 1, and right 
sound beam 2, wherein:

the left sound beam 1 is a sound beam that is pointed towards the left wall and is reflected 
once by the left wall, then reaching the position of the user;

the left sound beam 2 is a sound beam that is pointed towards the left wall and is reflected 
once by the left wall, and then reflected once by the opposite wall, then reaching the position of 
the user;

the right sound beam 1 is a sound beam that is pointed towards the right wall and is reflected 
once by the right wall, then reaching the position of the user;

the right sound beam 2 is a sound beam that is pointed towards the right wall and is reflected 
once by the right wall, and then reflected once by the opposite wall, then reaching the position 
of the user.

[0029] Wherein the opposite wall refers to the wall opposite to the loudspeaker array and the 
camera, i.e. the wall parallel to the wall where the loudspeaker array and the camera are 
located.

[0030] Aforesaid process will be described in further detail below. What should be declared in 
advance here is that: positions of the camera and the loudspeaker array of a smart television 
are relatively fixed. For example, a common form is that the camera is generally located at the 
center on the top of a television, while the loudspeaker array is located on the bottom of the 
television, and the camera and the loudspeaker array generally lie on the same vertical line. In 
subsequent embodiments, the present invention, based on this form, believes that the focal 
plane of the camera is parallel to the loudspeaker array and is vertical to the floor, and that the 
line between the camera center and the loudspeaker array center is vertical to the floor. That 
is, the horizontal angle position of each object relative to the camera is same with the 
horizontal angle position of each object relative to the loudspeaker array. However, the method 
of the invention is not limited to such arrangement. If the camera is not located at the center of 
the loudspeaker array or the focal plane of the camera is not parallel to the loudspeaker array 
but forms an included angle, the method of the invention is still applicable, only corresponding 
geometric coordinate shift needs to be added to the sound beam angle.

1. Object recognition and focusing imaging

[0031] Fig. 4 is a schematic diagram of the position of an object to be recognized in a photo



DK/EP 2996345 T3

shot by a camera of an embodiment of the invention. See Fig. 4, in the embodiment of the 
invention, the objects to be recognized comprising: left corner of the room, right corner of the 
room, left floor-wall boundary, right floor-wall boundary, and user's face. After the objects are 
recognized, the automatic focusing control device will calculate the area where the objects are 
located and drive the focusing motor according to the calculating result, so that the camera can 
be focused precisely on the objects and form clear images.

[0032] The floor-wall boundary recognition technology is adopted to recognize corners and 
floor-wall boundaries, and the face recognition technology is adopted to recognize the user's 
face.

[0033] The focusing control technology is adopted to control the camera to be focused 
precisely on various objects including specific positions in the room (such as left and right 
corners of the room, midpoints of left and right floor-wall boundaries) and the user's face, and 
to capture the focusing images of aforesaid left and right corners, left and right floor-wall 
boundaries and the user's face, recording the focusing parameters while focusing imaging for 
subsequent calculation of the position of the room relative to the camera and the position of 
the user in the room relative to the camera.

2. Position information acquiring

[0034] According to the captured focusing images and the recorded corresponding focusing 
parameters, calculating the position information of the room relative to the camera and the 
position information of the user relative to the camera, the separate description is as follows:

2.1 Calculation of position information of the user relative to the camera

[0035] According to the captured focusing images and the recorded corresponding focusing 
parameters, the distance between the user and the lens plane of the camera and the angle 
coordinate of the user relative to the central axis of the camera can be calculated.

2.1.1 Calculation of the distance between the userand the camera

[0036] The object distance of the user from the camera can be obtained according to the 
recorded focal length and image distance when the focusing image of the user's face is 
captured and based on the conjugate imaging principle.

[0037] If the camera is an active focusing camera, it will perform distance measurement before
focusing, such as infrared distance measurement, fill light distance measurement or
supersonic distance measurement, etc., so the distance between the user and the camera lens
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can be directly obtained by measurement without additional calculation. In addition, for some 
camera with depth perception, such as camera with multiple lenses or 3D camera, the object 
distance can be directly determined by visual angle difference, and the like. For passive 
focusing camera, the object distance can be calculated by calculation. Refer to Fig. 5 for the 
computation mode.

[0038] Fig. 5 is a schematic diagram of the distance relation between a user and a camera 
lens of an embodiment of the invention. As is shown in Fig. 5, set the distance between the 
user and the lens plane to Iq, i.e. object distance, and during precise focusing and imaging, the 

distance between the imaging plane and the lens plane is I'q i.e. image distance, and focal 

length of the lens is f which is an intrinsic parameter of lenses, and I'q is known when precise 

focusing.

[0039] Then the distance between the user and the lens plane Iq can be obtained by 

calculation according to formula of conjugate imaging principle as follow:

f 1

2.1.2 Calculation of angle coordinates of the user

[0040] According to the position of the user's face in the focusing imaging, in combination with 
the visual angle parameter of the camera lens, the angle of the user relative to the central axis 
of the camera lens can be determined.

[0041] Fig. 6 is a schematic diagram of the angle relation between a user and a camera lens 
of an embodiment of the invention. As is shown in Fig. 6, after the clear picture precisely in 
focus is obtained, position of the user's face in the picture can be obtained by using picture 
processing technologies such as face recognition and contour acquiring, and in combination 
with the visual angle parameter of the lens, the angle, i.e. angle coordinates, of the user 
relative to the central axis of the lens can be determined.

[0042] In the focusing image of the user's face, set the distance from the center of the user's 
face to the left margin of the picture to da_ and to the right margin to dcp, and the visual angle 

of the lens to a, taking the angle of the direction of the central axis of the lens as 0°. The angle 
of the user's face relative to the central axis of the lens is β, and the distance, i.e. object 
distance, between the user and the television is !q. Then according to trigonometric function, 

k

when other parameters are known, the angle coordinates of the user's face can be calcualted:
tan a _ (dCJ +dCK)!2

2
and
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tan μ =------------
I ‘c

then

β = arctan

( a}
(den-dCL) ten­

der + dCL
< J

can be obtained.

2.2 Calculation of position information of the room relative to the camera

[0043] Similar to the calculation of position information of the user relative to the camera in 
section 2.1, the object distances of the left corner, the right corner, the midpoint on the left 
floor-wall boundary, and the midpoint on the right floor-wall boundary from the camera and the 
angles of the left corner, the right corner, the midpoint on the left floor-wall boundary, and the 
midpoint on the right floor-wall boundary relative to the central axis of the camera lens can be 
obtained, respectively; the equation of the left floor-wall boundary is obtained according to the 
coordinate information of the left corner and the midpoint on the left floor-wall boundary and 
based on the principle of two points defining a straight line; and the equation of the right floor­
wall boundary is obtained according to the coordinate information of the right corner and the 
midpoint on the right floor-wall boundary and based on the principle of two points defining a 
straight line.

[0044] The focusing images and corresponding focusing parameters obtained by the floor-wall 
boundary recognition technology and focusing control technology are used for calculating the 
distances from the lens to the right and left corner and the midpoints on the left and right floor­
wall boundaries and angle coordinates. In other embodiments of the invention, the included 
angle of the floor-wall boundary relative to the central axis of the camera lens can also be 
calculated. As is shown in Fig. 4, the midpoint on the floor-wall boundary refers to the midpoint 
on the part of the floor-wall boundary that appears in the focusing image. The part appearing 
in the focusing image refers to the visible floor-wall boundary in the focusing image (i.e. photo 
that is shot) shown in Fig. 4.

[0045] What should be explained here is that: the midpoint on floor-wall boundary is not 
necessary for defining the equation of the floor-wall boundary. The corner and any point on the 
floor-wall boundary can define the equation of the floor-wall boundary. Choosing the midpoint 
of the floor-wall boundary in the embodiment is for the purpose of avoiding deformation and 
vagueness of the margin of the photos. The specific method is that: taking the left floor-wall 
boundary as an example, the coordinate of the left corner on the photo is known, and the left 
floor-wall boundary (possibly not a complete floor-wall boundary but a part) is detected, thus 
the distance between the midpoint of the left floor-wall boundary and the left margin of the 
photo is exactly half of the distance between the left corner and the left margin, and on the left 
floor-wall boundary. In this way the coordinate position can be calculated, then precisely 
focusing.
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[0046] Fig. 7 is a schematic diagram of the distance relation between the left corner and a 
camera lens of an embodiment of the invention. As is shown in Fig. 7, taking the left corner 
and the midpoint on the left floor-wall boundary as an example, set the distance between the 
left corner and the lens plane to //_w> and when precise focusing and imaging, the distance 

between the imaging plane and the lens plane is Γ^, i.e. image distance, and focal length of 

the lens is /which is an intrinsic parameter of lenses. Then the distance between the left corner 
and the lens plane can be calculated according to conjugate imaging:
I - ------ J-----
w j___ 1_

J LW

[0047] After obtaining the clear picture which is in precise focus and recognizing the corner, 
the angle coordinate of the left corner can be calculated by using lens parameters. Fig. 8 is a 
schematic diagram of the angle relation between the left corner and a camera lens of an 
embodiment of the invention. As is shown in Fig. 8, set in the focusing image of the left corner 
the distance from the left corner to the left margin to di_wi_ and to the right margin to di_wp>, and

the visual angle of the lens is a, taking the angle of the direction of the central axis of the lens 
as 0°. The angle of the left corner relative to the central axis of the lens is γι_, thus

r a\
~ d-LWI, ) *-an ~

^LWR + ^LWL
k 7

can be calculated.

yL = arctan

[0048] In a rectangular plane coordinate system with the position of the camera as zero point 
and the central axis of the camera as x axis, the rectangular plane coordinate of the left corner 
is (ίνν. Ilw tanyj. Similarly, the distance and angle of the midpoint on the left floor-wall 

boundary relative to the lens can be obtained. Set the distance and angle to Ilwm and Ylm 

respectively, then the rectangular plane coordinate of the midpoint on the left floor-wall 
boundary is (Jlwm> Ilwm ^Ylm)’ ancl then according to the principle of two points defining a 

straight line, the equation of the left floor-wall boundary can be obtained: y = kx + c Wherein,
Zl — ^LWM

Fw ~ iI.WM

_ luv 7lI-lwm — Ilwm 7iwi Ilw

I'LW ~I‘LWM

[0049] Similarly, the equation of the right corner and right floor-wall boundary can be 
calculated.

[0050] In the embodiment, the specific position information of the room relative to the camera
is: the coordinates of the left and right corners and the equations of the left and right floor-wall
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boundaries, wherein the coordinate system adopted is a rectangular coordinate system with 
the camera as the zero point, the central axis of the camera lens as the x axis, and the plane 
defined by x axis and y axis parallel to horizontal plane, which is called reference coordinate in 
the embodiment.

3. Sound beam control

3.1 Calculation of paths of sound beams

[0051] In an embodiment of the invention, preferable sound beams that can achieve the 
surround sound at the position of the user in the room comprises: left sound beam 1, left 
sound beam 2, right sound beam 1 and right sound beam 2 as is shown in Fig. 3.

[0052] The paths of the sound beams that can achieve the surround sound at the position of 
the user in the room needs to be calculated according to the calculated position information of 
the room relative to the camera, the position information of the user relative to the camera, and 
the relative positional relation between the camera and the loudspeaker array. In an 
embodiment of the invention, the camera is generally placed at the central position of the 
television and is close to the central position of the loudspeaker array, and the lens plane of the 
camera is generally parallel to the plane of the array element of the loudspeaker array, thus 
the position measured by the camera can be the basis of calculation of sound beam direction. 
The position of the left sound beam can be calculated by the principle of sound transmission. 
In the embodiment, the camera and the loudspeaker array lie on the same vertical line, thus 
the camera and the loudspeaker array are regarded at the same position in aforesaid 
coordinate system, that is, the position of each object relative to the camera and the position of 
each object relative to the loudspeaker array are the same.

3.1.1 Calculation of equation of left sound beam 1

[0053] In foresaid reference coordinate, the position of the camera is zero point, and the mirror 
image point of the position of the user relative to the left floor-wall boundary is obtained; the 
equation of the left sound beam 1 is obtained according to the coordinates of zero point and 
the mirror image point and on the basis of the principle of two point defining a straight line, 
specifically:
the equation of the left floor-wall boundary can be obtained according to the calculation in 2.2: 
y = kx + c;

[0054] Set the coordinate of the user in the reference coordinate system to (a,b), and the
mirror image point of the user relative to the left floor-wall boundary is (a-|,b-|), then the

perpendicular bisector of the line between (a, b) and (a-|,b-|) is the equation of the left floor-wall
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boundary.

[0055] Thus the left sound beam 1 passes the zero point and the user mirror image point 
(a-|,b-|), and the equation of the left sound beam is:

ky — —Δχ
at

[0056] As is known from the equation of the mirror image relation:
2kb + (l-k2}a- 2kc

a, =-------- :—q— -----------
1 U + 1

, Æ2 —1 2a 2c
k +1 + U+l

3.1.2 Calculation of equation of left sound beam 2

[0057] The calculation method of the left sound beam 2 is similar to the method in 3.1.1, only 
two reflection needs to be calculated. The zero point is the position of the camera, and the 
mirror image point 1 of the position of the user relative to the opposite floor-wall boundary is 
obtained, and the mirror image point 2 of the mirror image point 1 relative to the left floor-wall 
boundary is obtained according to the mirror image point 1, and the equation of the left sound 
beam 2 is obtained according to the coordinates of zero point and mirror image point 2 and on 
the basis of the principle of two points defining a straight line, specifically:

Suppose the equation of the floor-wall boundary of the wall opposite to the camera (opposite 
floor-wall boundary herein) is: y = k2X + c2;

The definition of left floor-wall boundary and user is as previously mentioned. Set the mirror 
image point of the user relative to the opposite floor-wall boundary to (a2,b2), and the mirror 

image point of (a2,b2) relative to the left floor-wall boundary is as is shown in Fig. 9.

Fig. 9 is a schematic diagram of calculating the paths of the sound beams of an embodiment of 
the invention, thus the equation of the left sound beam 2 is:

a3
(a^bi) is the mirror image point of (a,b) relative to the opposite floor-wall boundary y = k2X +

c2, that is, the distances from any point on y = k2x + c2 to (a2, b2) and (a,b) are the same, thus

from the equation of mirror image relation, the relational expression can be obtained:
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[0058] Similarly, (ββ,όβ) is the mirror image point of relative to the left floor-wall

boundary y = kx + c, then according to the equation of the mirror image relation obtaining:
2tø2 + (l-F)a,-2fc

a, =----------- -—-,——-----------
F+i

, , Æ I 2a, 2c
— ' tX—r—~ Η—/ , “ , +—----- ·

fc“ + l + k~ +1

[0059] Thus, when the position of the left floor-wall boundary, position of the opposite floor-wall 
boundary, and position of the user are known, the equation of the left sound beam 2 can be 
obtained.

[0060] Similarly, the equations of right sound beam 1 and right sound beam 2 can be obtained.

[0061] In other embodiments of the invention, if the camera and the loudspeaker have relative 
position difference (i.e. they are located at different points in the reference coordinate system), 
the position information of the room relative to the camera and position information of the user 
relative to the camera need to be converted into position information of the room relative to the 
loudspeaker array and position information of the user relative to the loudspeaker array 
according to the relative positional relation of camera and loudspeaker array; and then 
establish a coordinate system with the position of the loudspeaker array as the zero point, 
obtaining the mirror image point of the position of the user relative to the left floor-wall 
boundary in the coordinate system; obtain the equation of the left sound beam 1 according to 
the coordinates of zero point and the mirror image point and on the basis of the principle of two 
points defining a straight line. Establish a coordinate system with the position of the 
loudspeaker array as the zero point, obtaining the mirror image point of the position of the user 
relative to the opposite floor-wall boundary in the coordinate system. According to the mirror 
image point of the user relative to the opposite floor-wall boundary, a mirror image point of this 
mirror image point relative to the left floor-wall boundary can be obtained, and according to the 
principle of two points defining a straight line the equation of the left sound beam 2 can be 
obtained. Similarly, the equations of the right sound beam 1 and right sound beam 2 can be 
obtained.

3.2 Abnormal condition handling

[0062] Some abnormal conditions might appear in actual use. For example, position of the
corner cannot be completely detected, or television and loudspeaker array are placed in corner
or unparallel to the wall in the room, or sound beam might be blocked by the user. Calculation
of sound beam will have some change.
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[0063] Fig. 10 is a schematic diagram showing that a corner on one side of the wall cannot be 
detected of an embodiment of the invention. When the position of a corner on one side cannot 
be detected and the position of corresponding wall cannot be calculated, as is shown in Fig. 
10, the directions of the two sound beams on this side deflect certain angles from the user, for 
example, which can be set to 60° and 45° according to empirical value, as default angles of the 
two sound beams on this side. That is, when the images of the left corner and/or right corner 
cannot be captured, make the directions of the two sound beams on the corresponding side 
deflect certain angles from the user. If the left floor-wall boundary does not appear in the 
camera, the angle of the left sound beam 1 is the azimuth angle of the user plus 60°, while the 
angle of left sound beam 2 is the azimuth angle of the user plus 45°. The right side is similar.

[0064] Under default angle, the reflection point of one reflection of the sound beam is on the 
side wall, which is related to the visual angle of the lens. If the lens does not shoot a corner, 
the angle of the line between the corner and the center of the lens (relative to the central axis 
of the camera lens) must be larger than the visual angle, while the visual angle of camera can 
usually cover over half of the width of the opposite wall. The visual angle scope of common 
smart television camera does not exceed plus or minus 45°, usually in the scope of plus or 
minus 30°, thus there is a great possibility the reflection point of one reflection is on the side 
wall if the default angle is set to no less than 45°. There are other methods or other values to 
set the default angle. If the visual angle of the camera is larger, the default angle will be larger 
correspondently. If the visual angle of the camera is smaller, the default angle will be reduced 
correspondently.

[0065] Fig. 11 is a schematic diagram showing that the sound beam in abnormal condition 
might be blocked by a user of an embodiment of the invention. When the sound beam might 
be blocked by the user, as is shown in Fig. 11 where the left sound beam 2 is blocked by the 
user, on this occasion, the left sound beam 2 at this direction should be canceled. Similarly, 
when any of aforesaid left sound beam 1, left sound beam 2, right sound beam 1, and right 
sound beam 2 is blocked by the user, the sound beam should be canceled.

[0066] What should be explained is that the sound beam need not be canceled if it is blocked 
by anything other than the user. The sound beam is canceled only when it is blocked by the 
user.

3.3 Calculation of filter group parameters

[0067] According to the calculated paths of the sound beams, the parameters of the filter 
group of the loudspeaker array can be determined, and the parameters can be used for 
adjusting the filter group of the loudspeaker array.

[0068] After the paths of the sound beams are calculated, the orienting angle of the sound
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beam relative to the loudspeaker array can be known, and the filter group of the loudspeaker
array can be calculated. If the frequency response of each unit of the loudspeaker array is:

= R,(0,f) ...

wherein f is frequency; Θ is angle; R, is frequency-response function of i-th array element;

[0069] The filter group is:

<,(»■/)=[<„(»./) - <«(»./)] ;
wherein H|_1 j is frequency-response function of i-th filter.

[0070] Position of the array element can calculate the filter group according to the ordinary 
theorem of sound beam formation. The common arithmetic is Minimum Variance Distortionless 
Response (MVDR) or Delay-And-Sum, and the like.

[0071] Taking MVDR as an example, the calculation of the filter group is as follows:
Set the angle of sound beam to Ø/j, then the optimal orientation of the sound beam is that all 

radiation energy is focused on θ/j, thus other area is 0. That is, the response function of ideal 

sound beam is:
7 X Γ1 θ = θ,}

[0072] The sound beam that can actually be formed is D/j (0,f), which should be close to ideal 

sound beam Ο/_ιΟρί(θ,0 as much as possible.

[0073] The equation of the actual sound beam is:
DLi(e,f) = Hu(f)R(e,f)T
Wherein *T means vector quantity doing transpose operation.

[0074] Thus when being closest to the ideal sound beam, there is

HLX(f ) = arg min
U)

[0075] Thus, there should be:

.0-

[0076] Wherein R(0, f)* means R(0,f) doing conjugate operation.
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[0077] For Delay-And-Sum, the calculation is as follows:

Pl-P0 ·■· Pm-P<>]}

[0078] Hj_-\ (f) is a vector quantity of M elements, and each element corresponds to a filter of 

loudspeaker unit. For the i-th loudspeaker unit, the corresponding filter is the i-th element in

[0079] The calculation of the filter group corresponding to the left sound beam 2, right sound 
beam 1, and right sound beam 2 is similar to /7/_-,(/).

[0080] After above steps, the ideal filter group is obtained by calculation. The sound source 
signal is played via loudspeaker array after filtering. For each loudspeaker unit, the sound 
source of left channel is superposed after being filtered by the left sound beam filter group, and 
the sound source of right channel is superposed after being filtered by the right sound beam 
filter group, and then the sound is played via the loudspeaker unit after joint superposition.

[0081] Many current multimedia devices such as smart television, conference system, and the 
like possess camera and audio-video processing control chip, which can support complex 
operation, such as object recognition. And the camera and loudspeaker array of smart 
television are relatively fixed, camera generally at the center on the top of the television, while 
loudspeaker array at the bottom of the television. Therefore, the floor-wall corner of the room 
and the position of the user can be recognized from the images shot by the camera by using 
image recognition technology and automatic focusing technology. Then the position of the user 
in the room and the room information like room size and so on can be calculated by using the 
intrinsic parameters of the camera. According to the room information and user's position, the 
angle that the loudspeaker sound beam should direct at when achieving a better surrounding 
effect can be calculated, so that the user can hear the optimum surround sound effect. 
Wherein a better surround sound effect of an embodiment of the invention is: sound beam 
reaches the user after one reflection or two reflection on the wall.

[0082] Fig. 12 is a flow chart of a system for achieving a self-adaptive surround sound of an 
embodiment of the invention. As is shown in Fig. 12, the system comprises: a camera 1201, an 
object recognition and imaging unit 1202, a position information acquiring unit 1203, a sound 
beam control unit 1204, and a loudspeaker array 1205;
the camera 1201, for capturing images;
the object recognition and imaging unit 1202, for recognizing specific positions of a room and a
user in the room by using an object recognition technology, controlling a camera to capture
focusing images of recognized objects by using a focusing control technology, and recording
corresponding focusing parameters;
the position information acquiring unit 1203, for calculating position information of the room
relative to the camera and position information of the user relative to the camera according to
the captured focusing images and the recorded corresponding focusing parameters;
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the sound beam control unit 1204, for calculating paths of sound beams that can achieve the 
surround sound at the position of the user in said room according to the calculated position 
information of the room relative to the camera, position information of the user relative to the 
camera and the relative positional relation between the camera and the loudspeaker array; 
and determining parameters of a filter group of the loudspeaker array according to the 
calculated paths of sound beams, and adjusting the filter group of the loudspeaker array using 
the parameters;
the loudspeaker array 1205, for playing an audio signal after the audio signal is filtered by the 
filter group that has been adjusted according to the parameters to form surround sound at the 
position of the user in said room.

[0083] In an embodiment of the invention, the object recognition and imaging unit 1202 is for 
recognizing corner and floor-wall boundary by using the floor-wall boundary recognition 
technology, and controlling a camera to focus on the corners and floor-wall boundaries by 
using focusing control technology and capturing the focusing images of the corners and floor­
wall boundaries; recognizing the user's face by using face recognition technology; and 
controlling the camera to focus on the user's face by using focusing control technology and 
capturing the focusing image of user's face. Specifically see the description in aforesaid section 
1 "object recognition and focusing imaging".

[0084] Specifically, the object recognition and imaging unit 1202 recognizes the left corner, the 
right corner, the midpoint on the left floor-wall boundary, and the midpoint on the right floor-wall 
boundary by using the floor-wall boundary recognition technology, wherein the midpoints on 
the floor-wall boundaries are the midpoints on the part of the floor-wall boundaries that appear 
in the focusing images; and recognizes the user's face in the room by using face recognition 
technology; after the object is recognized, calculates the area where the object is located and 
drives the focusing motor according to the calculating result, so that the camera can be 
focused precisely on the recognized objects and form clear images.

[0085] In an embodiment of the invention, the focusing parameters recorded by the object 
recognition and imaging unit 1202 comprises: focal length and image distance for capturing 
focusing images;

[0086] The position information acquiring unit 1203 is specifically used for calculating the 
object distances of the left corner, the right corner, the midpoint on the left floor-wall boundary, 
and the midpoint on the right floor-wall boundary from the camera and the angles of the left 
corner, the right corner, the midpoint on the left floor-wall boundary, and the midpoint on the 
right floor-wall boundary relative to the central axis of the camera lens, and calculating the 
equation of the left floor-wall boundary, equation of the right floor-wall boundary and equation 
of the opposite floor-wall boundary; and calculating the object distance of the user from the 
camera and angle of the user relative to the central axis of the camera lens.

[0087] Specifically, the position information acquiring unit 1203 is used for obtaining the object
distance of the user from the camera according to the recorded focal length and image
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distance when the focusing image of the user's face is captured and on the basis of the 
conjugate imaging principle; determining the angle of the user relative to the central axis of the 
camera lens according to the position of the user's face in the focusing image, in combination 
with the visual angle parameter of the camera lens; similarly, obtaining the object distances of 
the left corner, the right corner, the midpoint on the left floor-wall boundary, and the midpoint 
on the right floor-wall boundary from the camera and the angles of the left corner, the right 
corner, the midpoint on the left floor-wall boundary, and the midpoint on the right floor-wall 
boundary relative to the central axis of the camera lens, respectively; obtaining the equation of 
the left floor-wall boundary according to the coordinate information of the left corner and the 
midpoint on the left floor-wall boundary and based on the principle of two points defining a 
straight line; and obtaining the equation of the right floor-wall boundary according to the 
coordinate information of the right corner and the midpoint on the right floor-wall boundary and 
based on the principle of two points defining a straight line. Specifically see aforesaid Section
2.1 and Section 2.2.

[0088] In an embodiment of the invention, the sound beams that can achieve surround sound 
at the position of the user in the room calculated by said sound beam control unit 1204 refer to 
the sound beams reaching the position of the user after one reflection or two reflection on the 
wall, comprising:

the left sound beam 1: a sound beam that is pointed towards the left wall and is reflected once 
by the left wall, then reaching the position of the user;

the left sound beam 2: a sound beam that is pointed towards the left wall and is reflected once 
by the left wall, and then reflected once by the opposite wall, then reaching the position of the 
user;

the right sound beam 1: a sound beam that is pointed towards the right wall and is reflected 
once by the right wall, then reaching the position of the user;

the right sound beam 2: a sound beam that is pointed towards the right wall and is reflected 
once by the right wall, and then reflected once by the opposite wall, then reaching the position 
of the user.

[0089] The sound beam control unit 1204 is specifically used for converting the position 
information of the room relative to the camera and position information of the user relative to 
the camera into position information of the room relative to the loudspeaker array and position 
information of the user relative to the loudspeaker array according to the relative positional 
relation of camera and loudspeaker array; taking the position of the loudspeaker array as the 
zero point, first obtaining the mirror image point of the user relative to the left floor-wall 
boundary, and obtaining the equation of the left sound beam 1 according to the coordinates of 
zero point and the mirror image point and on the basis of the principle of two points defining a 
straight line; taking the position of the loudspeaker array as the zero point, obtaining the mirror 
image point 1 of the user relative to the opposite floor-wall boundary, then obtaining mirror
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image point 2 of the mirror image point 1 relative to the left floor-wall boundary according to 
the mirror image point 1, and then obtaining the equation of the left sound beam 2 according to 
the coordinates of the zero point and the mirror image point 2 and on the basis of the principle 
of two points defining a straight line; similarly, obtaining the equations of the right sound beam 
1 and right sound beam 2. Specifically see relevant description in aforesaid Section 3.1.

[0090] The sound beam control unit 1204 is further used for making the directions of the two 
sound beams on the corresponding side deflect certain angles from the user when the images 
of the left corner and/or the right corner cannot be captured; or, canceling the sound beam 
when any of the left sound beam 1, left sound beam 2, right sound beam 1 and right sound 
beam 2 is blocked by the user.

[0091] The sound beam control unit 1204 is used for determining parameters of filter group of 
the loudspeaker array according to the paths of the sound beams calculated by video 
processor and on the basis of Minimum Variance Distortionless Response or Delay-And-Sum. 
Specifically see relevant description in aforesaid Section 3.3.

[0092] The camera 1201 can be a passive focusing camera, an active focusing camera, or a 
camera with depth perception.

[0093] In summary, the technical scheme of the invention, by using object recognition and 
focusing control technology, captures focusing images of specific positions of a room and a 
user and records the focusing parameters, and then calculates position information of the 
room relative to a camera and position information of the user relative to the camera, and 
according to the information calculates sound beams that can achieve surround sound at the 
position of the user, and according to the calculated paths of the sound beams determines 
parameters of a filter group of the loudspeaker array, and adjusts the filter group, and plays the 
sound beams via the loud speaker array after the sound beams is filtered by the filter group, 
thus a self-adaptive surround sound is created at the position of the user in the objected room. 
This method does not need manual calibration and, for existing multimedia devices, does not 
need an additional hardware and can be free from an additional acoustic calibrating process, 
automatically calculating the orienting angle of sound beams of the loudspeaker array most 
suitable for the user, so that the user can experience abundant surround sound effect; when 
the user moves to a new position, it can self-adaptively achieve a surround sound at the new 
position. The technical scheme of the invention docs not need additional acoustic calibration. 
The device is simple and convenient to use, without limiting the user's position and listening 
habit. It overcomes the problem of the prior technology that using sound beam formation 
creates surround sound in the hall, so that the user can feel optimum surround sound effect.
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Patentkrav

1. Fremgangsmåde til opnåelse af selvtilpassende surroundlyd, kendetegnet 

ved, at fremgangsmåden omfatter:

genkendelse af specifikke positioner af et rum og en bruger i rummet under 

anvendelse af en objektgenkendelsesteknologi, indfangning af fokuseringsbil­

leder af genkendte objekter ved styring af et kamera, der anvender en fokuse­

ringsstyreteknologi, og registrering af tilsvarende fokuseringsparametre 

(S110); hvor de specifikke positioner af rummet omfatter et venstre hjørne, et 

højre hjørne, et midtpunkt på den venstre gulvvægsgrænse og et midtpunkt på 

den højre gulvvægsgrænse, hvor midtpunkterne på gulvvægsgrænserne er 

midtpunkterne på den del af gulvvægsgrænserne, som kommer frem i fokuse­

ringsbillederne;

beregning af positionsinformationer af rummet i forhold til kameraet og bereg­

ning af positionsinformationer af brugeren i forhold til kameraet i overensstem­

melse med de indfangede fokuseringsbilleder og de registrerede tilsvarende 

fokuseringsparametre (S120);

beregning af lydstrålebaner, der kan opnå surroundlyden ved brugerens posi­

tion i rummet i overensstemmelse med de beregnede positionsinformationer 

af rummet i forhold til kameraet og positionsinformationerne af brugeren i for­

hold til kameraet og en relativ positionsforbindelse mellem kameraet og et høj­

taleranlæg (S130);

bestemmelse af parametre af en filtergruppe af højtaleranlægget i overens­

stemmelse med de beregnede lydstrålebaner, og indstilling af filtergruppen af 

højtaleranlægget under anvendelse af parametrene (S140);

afspilning af et audiosignal via højtaleranlægget, efter audiosignalet er filtreret 

af filtergruppen, der er indstillet i overensstemmelse med parametrene for at 

skabe surroundlyd ved brugerens position i rummet (S150);

beregningen af positionsinformationer af rummet i forhold til kameraet omfat­

ter: beregning af objektafstande af det venstre hjørne, det højre hjørne, midt­

punktet på den venstre gulvvægsgrænse og midtpunktet på den højre gulv­

vægsgrænse fra kameraet og vinklerne af det venstre hjørne, det højre hjørne, 
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midtpunktet på den venstre gulvvægsgrænse og midtpunktet på den højre 

gulvvægsgrænse i forhold til en midterakse af kameralinsen, og beregning af 

en ligning af den venstre gulvvægsgrænse, en ligning af den højre gulvvægs­

grænse og en ligning af modsat gulvvægsgrænse, hvor den modsatte gulv­

vægsgrænse refererer til gulvvægsgrænsen modsat højtaleranlægget og ka­

meraet.

2. Fremgangsmåde ifølge krav 1, hvor genkendelsen af specifikke positioner 

af et rum og en bruger i rummet under anvendelse af en objektgenkendelses­

teknologi, indfangning af fokuseringsbilleder af genkendte objekter ved styring 

af et kamera under anvendelse af en fokuseringsstyreteknologi omfatter: gen­

kendelse af de specifikke positioner af rummet under anvendelse af en gulv- 

vægsgrænsegenkendelsesteknologi; genkendelse af en brugers ansigt i rum­

met under anvendelse af en ansigtsgenkendelsesteknologi; efter objekterne 

er genkendt, beregning af områder, hvor objekterne befinder sig, og få kame­

raet til at fokusere præcist på de genkendte objekter og danne klare billeder i 

overensstemmelse med det beregnede resultat af beregnede områder, hvor 

objekterne befinder sig;

beregningen af positionsinformationer af brugeren i forhold til kameraet omfat­

ter: beregning af en objektafstand af brugeren fra kameraet og en vinkel af 

brugeren i forhold til midteraksen af kameralinsen.

3. Fremgangsmåde ifølge krav 2, hvor det at få kameraet til at fokusere præcist 

på de genkendte objekter og danne klare billeder i overensstemmelse med det 

beregnede resultat af beregnede områder, hvor objekterne befinder sig, om­

fatter:

drive en fokuseringsmotor til at få kameraet til at fokusere præcist på de gen­

kendte objekter og danne klare billeder i overensstemmelse med det bereg­

nede resultat; eller

anvende lysfeltsgendannelse til at få kameraet til at fokusere præcist på de 

genkendte objekter og danne klare billeder i overensstemmelse med det be­

regnede resultat.
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4. Fremgangsmåde ifølge krav 2, hvor de lydstråler, der kan opnå surroundlyd 

ved brugerens position i rummet, refererer til lydstråler, som når brugerens 

position efter én refleksion eller to refleksioner med vægge, omfattende: en 

venstre lydstråle 1, en venstre lydstråle 2, en højre lydstråle 1 og en højre 

lydstråle 2, hvor: den venstre lydstråle 1 er en lydstråle, der er rettet mod en 

venstre væg og reflekteres en gang af den venstre væg, og derefter når bru­

gerens position; den venstre lydstråle 2 er en lydstråle, der er rettet mod den 

venstre væg og reflekteres en gang af den venstre væg, og derefter reflekteres 

en gang af en modsat væg, hvor den modsatte væg refererer til væggen over 

for højtaleranlægget og kameraet, og derefter når brugerens position; den 

højre lydstråle 1 er en lydstråle, der er rettet mod en højre væg og reflekteres 

en gang af den højre væg, og derefter når brugerens position; den højre lyd­

stråle 2 er en lydstråle, der er rettet mod den højre væg og reflekteres en gang 

af den højre væg, derefter reflekteres en gang af den modsatte væg, og der­

efter når brugerens position.

5. Fremgangsmåde ifølge krav 4, hvor beregningen af lydstrålebaner, der kan 

opnå surroundlyden ved brugerens position i rummet i overensstemmelse med 

de beregnede positionsinformationer af rummet i forhold til kameraet og posi­

tionsinformationerne af brugeren i forhold til kameraet og den relative positi­

onsforbindelse mellem kameraet og højtaleranlægget omfatter: 

konvertering af positionsinformationerne af rummet i forhold til kameraer og 

positionsinformationerne af brugeren i forhold til kameraet til positionsinforma­

tioner af rummet i forhold til højtaleranlægget og positionsinformationer af bru­

geren i forhold til højtaleranlægget i overensstemmelse med den relative posi­

tionsforbindelse mellem kameraet og højtaleranlægget;

ved at tage en central position af højtaleranlægget som et nulpunkt, først op­

nåelse af et spejlbilledpunkt af brugeren i forhold til den venstre gulvvægs­

grænse, og derefter opnåelse af en ligning af den venstre lydstråle 1 i over­

ensstemmelse med koordinater af nulpunktet og spejlbilledpunktet og på basis 

af princippet om to punkter, som definerer en lige linje;
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ved at tage den centrale position af højtaleranlægget som nulpunktet, først 

opnåelse af et spejlbilledpunkt 1 af brugeren i forhold til den modsatte gulv­

vægsgrænse, og derefter opnåelse af et spejlbilledpunkt 2 af spejlbilledpunktet 

1 i forhold til den venstre gulvvægsgrænse i overensstemmelse med spejlbil­

ledpunktet 1, og derefter opnåelse af en ligning af den venstre lydstråle 2 i 

overensstemmelse med koordinaterne af nulpunktet og spejlbilledpunktet 2 og 

på basis af princippet om to punkter, som definerer en lige linje;

på samme måde, opnåelse af ligninger af den højre lydstråle 1 og højre lyd­

stråle 2.

6. Fremgangsmåde ifølge krav 4, hvor fremgangsmåden yderligere omfatter: 

når et billede af det venstre hjørne og/eller det højre hjørne ikke kan indfanges, 

indstilling af retninger af to lydstråler på den tilsvarende side til standardvinkler 

i forhold til vinklen af brugeren; eller,

når en hvilken som helst af den venstre lydstråle 1, den venstre lydstråle 2, 

den højre lydstråle 1 og den højre lydstråle 2 blokeres af brugeren, aflysning 

af lydstrålen.

7. System til opnåelse af selvtilpassende surroundlyd, kendetegnet ved, at 

systemet omfatter: et kamera (1201), en objektsgenkendelses- og billeddan­

nelsesenhed (1202), en positionsinformationstilvejebringelsesenhed (1203), 

en lydstrålestyreenhed (1204) og et højtaleranlæg (1205);

hvor kameraet (1201) er konfigureret til at opfange billeder;

hvor objektsgenkendelses- og billeddannelsesenheden (1202) er konfigureret 

til genkendelse af specifikke positioner af et rum og en bruger i rummet under 

anvendelse af en objektgenkendelsesteknologi, indfangning af fokuseringsbil­

leder af genkendte objekter ved styring af kameraet (1201), der anvender en 

fokuseringsstyreteknologi, og registrering af tilsvarende fokuseringspara­

metre; hvor de specifikke positioner af rummet omfatter et venstre hjørne, et 

højre hjørne, et midtpunkt på den venstre gulvvægsgrænse og et midtpunkt på 

den højre gulvvægsgrænse, hvor midtpunkterne på gulvvægsgrænserne er
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midtpunkterne på den del af gulvvægsgrænserne, som kommer frem i fokuse­

ringsbillederne;

hvor positionsinformationstilvejebringelsesenheden (1203) er konfigureret til 

beregning af positionsinformationer af rummet i forhold til kameraet (1201) og 

af positionsinformationer af brugeren i forhold til kameraet (1201) i overens­

stemmelse med de indfangede fokuseringsbilleder og de registrerede tilsva­

rende fokuseringsparametre;

hvor lydstrålestyreenheden (1204) er konfigureret til beregning af lydstråleba- 

ner, der kan opnå surroundlyden ved brugerens position i rummet i overens­

stemmelse med de beregnede positionsinformationer af rummet i forhold til 

kameraet (1201), positionsinformationerne af brugeren i forhold til kameraet 

(1201) og en relativ positionsforbindelse mellem kameraet (1201) og højtaler­

anlægget (1205); og bestemmelse af parametre af en filtergruppe af højtaler­

anlægget i overensstemmelse med de beregnede lydstrålebaner, og indstilling 

af filtergruppen af højtaleranlægget under anvendelse af parametrene;

hvor højtaleranlægget (1205) er konfigureret til afspilning af et audiosignal, ef­

ter audiosignalet er filtreret af filtergruppen, der er indstillet i overensstem­

melse med parametrene for at skabe surroundlyd ved brugerens position i 

rummet;

hvor positionsinformationstilvejebringelsesenheden er specifikt konfigureret til 

beregning af objektafstande af det venstre hjørne, det højre hjørne, midtpunk­

tet på den venstre gulvvægsgrænse og midtpunktet på den højre gulvvægs­

grænse fra kameraet (1201) og vinkler af det venstre hjørne, det højre hjørne, 

midtpunktet på den venstre gulvvægsgrænse og midtpunktet på den højre 

gulvvægsgrænse i forhold til midteraksen af kameralinsen, og beregning af en 

ligning af den venstre gulvvægsgrænse, en ligning af den højre gulvvægs­

grænse og en ligning af modsat gulvvægsgrænse, hvor den modsatte gulv­

vægsgrænse refererer til gulvvægsgrænsen modsat højtaleranlægget og ka­

meraet.

8. System ifølge krav 7, hvor
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hvor objektsgenkendelses- og billeddannelsesenheden (1202) er specifikt 

konfigureret til genkendelse af de specifikke positioner af rummet under an­

vendelse af en gulvvægsgrænsegenkendelsesteknologi; genkendelse af en 

brugers ansigt i rummet under anvendelse af en ansigtsgenkendelsestekno­

logi; beregning af områder, hvor objekterne befinder sig, efter objekterne er 

genkendt, og få kameraet (1201) til at fokusere præcist på de genkendte ob­

jekter og danne klare billeder i overensstemmelse med det beregnede resultat 

af beregnede områder, hvor objekterne befinder sig;

hvor positionsinformationstilvejebringelsesenheden (1203) er specifikt konfi­

gureret til beregningen af en objektafstand af brugeren fra kameraet (1201) og 

en vinkel af brugeren i forhold til midteraksen af kameralinsen.

9. System ifølge krav 8, hvor objektsgenkendelses- og billeddannelsesenhe­

den (1202) er specifikt konfigureret til at drive en fokuseringsmotor til at få ka­

meraet (1201) til at fokusere præcist på de genkendte objekter og danne klare 

billeder i overensstemmelse med det beregnede resultat af beregnede områ­

der, hvor objekterne befinder sig; eller at anvende lysfeltsgendannelse til at få 

kameraet (1201) til at fokusere præcist på de genkendte objekter og danne 

klare billeder i overensstemmelse med det beregnede resultat.

10. System ifølge krav 8, hvor

hvor de lydstråler, der kan opnå surroundlyd ved brugerens position i rummet, 

refererer til lydstråler, som når brugerens position efter én refleksion eller to 

refleksioner med vægge, omfattende: en venstre lydstråle 1, en venstre lyd­

stråle 2, en højre lydstråle 1 og en højre lydstråle 2, hvor: den venstre lydstråle 

1 er en lydstråle, der er rettet mod en venstre væg og reflekteres en gang af 

den venstre væg, og derefter når brugerens position; den venstre lydstråle 2 

er en lydstråle, der er rettet mod den venstre væg og reflekteres en gang af 

den venstre væg, og derefter reflekteres en gang af en modsat væg, hvor den 

modsatte væg refererer til væggen over for højtaleranlægget og kameraet, og 

derefter når brugerens position; den højre lydstråle 1 er en lydstråle, der er 

rettet mod en højre væg og reflekteres en gang af den højre væg, og derefter 
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når brugerens position; den højre lydstråle 2 er en lydstråle, der er rettet mod 

den højre væg og reflekteres en gang af den højre væg, derefter reflekteres 

en gang af den modsatte væg, og derefter når brugerens position; 

tilsvarende,

hvor lydstrålestyreenheden (1204) er specifikt konfigureret til konvertering af 

positionsinformationerne af rummet i forhold til kameraet (1201) og positions­

informationerne af brugeren i forhold til kameraet (1201) til positionsinformati­

oner af rummet i forhold til højtaleranlægget (1205) og positionsinformationer 

af brugeren i forhold til højtaleranlægget (1205) i overensstemmelse med den 

relative positionsforbindelse mellem kameraet (1201) og højtaleranlægget 

(1205); ved at tage en central position af højtaleranlægget som et nulpunkt, 

først opnåelse af et spejlbilledpunkt af brugeren i forhold til den venstre gulv­

vægsgrænse, og derefter opnåelse af en ligning af den venstre lydstråle 1 i 

overensstemmelse med koordinaterne af nulpunktet og spejlbilledpunktet og 

på basis af princippet om to punkter, som definerer en lige linje; ved at tage 

den centrale position af højtaleranlægget (1205) som nulpunktet, først opnå­

else af et spejlbilledpunkt 1 af brugeren i forhold til den modsatte gulvvægs­

grænse, og derefter opnåelse af et spejlbilledpunkt 2 af spejlbilledpunktet 1 i 

forhold til den venstre gulvvægsgrænse i overensstemmelse spejlbilledpunktet

I, og derefter opnåelse af en ligning af den venstre lydstråle 2 i overensstem­

melse med koordinaterne af nulpunktet og spejlbilledpunktet 2 og på basis af 

princippet om to punkter, som definerer en lige linje; på samme måde, opnå­

else af ligninger af den højre lydstråle 1 og højre lydstråle 2.

II. System ifølge krav 10, hvor lydstrålestyreenheden (1204) er yderligere 

konfigureret til, når billeder af det venstre og/eller det højre hjørne ikke kan 

opfanges, indstilling af retninger af to lydstråler på den tilsvarende side til stan­

dardvinkler i forhold til vinklen af brugeren; eller, når en hvilken som helst af 

den venstre lydstråle 1, den venstre lydstråle 2, den højre lydstråle 1 og den 

højre lydstråle 2 blokeres af brugeren, aflysning af lydstrålen.



DK/EP 2996345 T3

8

12. System ifølge krav 7, hvor kameraet er et passivt fokuserende kamera 

(1201), et aktivt fokuserende kamera eller et kamera med dybdeopfattelse.
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