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METHOD AND APPARATUS FOR VIDEO DEPTH MAP CODING AND DECODING

TECHNICAL FIELD
The present application relates generally to an apparatus, a method and a

computer program for video coding and decoding.

BACKGROUND
This section is intended to provide a background or context to the invention that

is recited in the claims. The description herein may include concepts that could be
pursued, but are not necessarily ones that have been previously conceived or pursued.
Therefore, unless otherwise indicated herein, what is described in this section is not
prior art to the description and claims in this application and is not admitted to be prior
art by inclusion in this section.

A video coding system may comprise an encoder that transforms an input video
into a compressed representation suited for storage/transmission and a decoder that
can uncompress the compressed video representation back into a viewable form. The
encoder may discard some information in the original video sequence in order to
represent the video in a more compact form, for example, to enable the
storage/transmission of the video information at a lower bitrate than otherwise might
be needed.

Various technologies for providing three-dimensional (3D) video content are
currently investigated and developed. Especially, studies have been focused on
various multi-view applications wherein a viewer is provided with a limited number of
input views, e.g. a mono or a stereo video plus supplementary data such as a depth
mapping of the images, is provided to a decoder side and all required views are then
rendered (i.e. synthesized) locally by the decoder to be displayed on a display.

In the encoding of 3D video content, video compression systems, such as
Advanced Video Coding standard H.264/AVC, the Multiview Video Coding MVC
extension of H.264/AVC or scalable extensions of HEVC can be used.

However video decoders that support more than 8-bit values per pixel
compression codecs are not commonly available for all platforms (Win, iOS/MacOS,
Android). Currently H.264 can be used for playing back video on all relevant platforms.
However, H.264 supports only a maximum of 8-bit values for grey scale images and
this is not sufficient to encode high quality depth maps. Typically depth maps require

16, 24 or even 32-bit values in order to avoid visual artefacts. Visual artefacts may
1
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occur where objects intersect with each other. This is also known as z-fighting in

computer graphics terms.

SUMMARY

According to a first aspect there is provided a method for encoding at least one
depth image frame within a sequence of depth image frames, the method comprising:
segmenting each at least one depth image frame into an array of depth image blocks;
determining for each depth image block a minimum depth image value and a maximum
depth image value; generating a maximum depth image from the determined
maximum depth image values; generating a minimum depth image from the
determined minimum depth image values; and encoding values of the at least one
depth image frame based on values of the maximum depth image and values of the
minimum depth image at corresponding positions.

The method may further comprise: combining the encoded values of the at least
one depth image frame with the determined blocks minimum depth image values and
maximum depth image values; and transmitting or storing the combination of the
encoded values of the at least one depth image frame with the determined blocks
minimum depth image values and maximum depth image values.

Generating a maximum depth image frame from the determined blocks
maximum depth image values may comprise applying one of a Gaussian blur filter or
bilinear filter to the determined blocks maximum depth image values.

Generating a minimum depth image frame from the determined blocks minimum
depth image values may comprise applying one of a Gaussian blur filter or bilinear filter
to the determined blocks minimum depth image values.

Determining for each depth image block a minimum depth image value and a
maximum depth image value may comprise: determining for the sequence of depth
image frames a minimum depth image value for each depth image block; and
determining for the sequence of depth image frames a maximum depth image value
for each depth image block.

Determining for each depth image block a minimum depth image value and a
maximum depth image value may comprise: determining a block maximum depth
image value as a maximum value from the block maximum depth image values from
the block maximum depth image value and spatially neighbouring block maximum
depth image values; and determining a block minimum depth image value as a
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minimum value from the block minimum depth image values from the block minimum

depth image value and spatially neighbouring block minimum depth image values.

The method may further comprise comparing, for each block, a sequence of
determined blocks maximum depth image values to determine that the determined
block maximum depth image value is equal to a maximum value from the sequence of
determined blocks maximum depth image values.

The method may further comprise comparing, for each block, a sequence of
determined blocks minimum depth image values to determine that the determined
block minimum depth image value is equal to a minimum value from the sequence of
determined blocks maximum depth image values.

Encoding values of the at least one depth image frame based on values of the
maximum depth image and values of the minimum depth image at corresponding
positions may comprise determining an encoded value of the at least one depth image
frame by: determining a difference value by subtracting a corresponding location
minimum depth image value from a location depth image value; and scaling the
difference value by dividing the difference value by the difference between a
corresponding location maximum image value and the corresponding location
minimum image value.

According to a second aspect there is provided a method for decoding at least
one depth image frame within a sequence of depth image frames, the method
comprising: receiving an encoded depth image frame; receiving a depth image frame
array of minimum values and array of maximum values; generating a maximum depth
image from the depth image frame array of maximum values; generating a minimum
depth image from the depth image frame array of maximum values; and decoding
values of the encoded depth image frame based on values of the maximum depth
image and values of the minimum depth image at corresponding positions.

Decoding values of the encoded depth image frame based on values of the
maximum depth image and values of the minimum depth image at corresponding
positions may comprise: rescaling a depth image value at a location to generate a
rescaled depth image value by multiplying an encoded depth image frame at the
location by the difference between a corresponding location maximum image value
and a corresponding location minimum image value; and releveling the depth image
value at the location to generate the decoded value by adding the corresponding

location minimum image value to the rescaled depth image value.
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According to a third aspect there is provided an apparatus for encoding at least

one depth image frame within a sequence of depth image frames, the apparatus
comprises: a segmenter configured to segment each at least one depth image frame
into an array of depth image blocks; a minimum and maximum depth determiner
configured to determine for each depth image block a minimum depth image value and
a maximum depth image value; an upscaler configured to generate a maximum depth
image from the determined maximum depth image values and generate a minimum
depth image from the determined minimum depth image values; and an encoder
configured to encode values of the at least one depth image frame based on values of
the maximum depth image and values of the minimum depth image at corresponding
positions.

The apparatus may further comprise a combiner configured to combine the
encoded values of the at least one depth image frame with the determined blocks
minimum depth image values and maximum depth image values.

The apparatus may comprise a transmitter configured to transmit the
combination of the encoded values of the at least one depth image frame with the
determined blocks minimum depth image values and maximum depth image values.

The apparatus may comprise a memory configured to store the combination of
the encoded values of the at least one depth image frame with the determined blocks
minimum depth image values and maximum depth image values.

The upscaler configured to generate a maximum depth image frame from the
determined blocks maximum depth image values may be configured to apply one of a
Gaussian blur filter or bilinear filter to the determined blocks maximum depth image
values.

The upscaler configured to generate a minimum depth image frame from the
determined blocks minimum depth image values is configured to apply one of a
Gaussian blur filter or bilinear filter to the determined blocks minimum depth image
values.

The minimum and maximum depth determiner may be configured to: determine
for the sequence of depth image frames a minimum depth image value for each depth
image block; and determine for the sequence of depth image frames a maximum depth
image value for each depth image block.

The minimum and maximum depth determiner may be configured to: determine
a block maximum depth image value as a maximum value from the block maximum

depth image values from the block maximum depth image value and spatially
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neighbouring block maximum depth image values; and determine a block minimum

depth image value as a minimum value from the block minimum depth image values
from the block minimum depth image value and spatially neighbouring block minimum
depth image values.

The apparatus may comprise a maximum value comparator configured to
compare, for each block, a sequence of determined blocks maximum depth image
values to determine that the determined block maximum depth image value is equal to
a maximum value from the sequence of determined blocks maximum depth image
values.

The apparatus may comprise a minimum value comparator configured to
compare, for each block, a sequence of determined blocks minimum depth image
values to determine that the determined block minimum depth image value is equal to
a minimum value from the sequence of determined blocks maximum depth image
values.

The encoder may comprise: a delta image generator configured to determine a
difference value by subtracting a corresponding location minimum depth image value
from a location depth image value; and a scaler configured to scale the difference value
by dividing the difference value by the difference between a corresponding location
maximum image value and the corresponding location minimum image value.

According to a fourth aspect there is provided an apparatus for decoding at least
one depth image frame within a sequence of depth image frames, the apparatus
comprising: an input configured to receive an encoded depth image frame; an input
configured to receive a depth image frame array of minimum values and array of
maximum values; an upscaler configured to generate a maximum depth image from
the depth image frame array of maximum values, and a minimum depth image from
the depth image frame array of maximum values; and a decoder configured to decode
values of the encoded depth image frame based on values of the maximum depth
image and values of the minimum depth image at corresponding positions.

The decoder may comprise: a rescaler configured to rescale a depth image
value at a location to generate a rescaled depth image value by multiplying an encoded
depth image frame at the location by the difference between a corresponding location
maximum image value and a corresponding location minimum image value; and a
releveler configured to relevel the depth image value at the location to generate the
decoded value by adding the corresponding location minimum image value to the

rescaled depth image value.
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Each depth image block may comprise at least one of: 16x16 depth image

values; and 32x32 depth image values.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of example embodiments of the present

invention, reference is now made to the following descriptions taken in connection with
the accompanying drawings in which:

Figure 1 shows schematically an example system employing some
embodiments;

Figure 2 shows schematically a flow diagram of the operation of the device
shown in Figure 1;

Figure 3 shows schematically a series of example read depth map frames
according to some embodiments;

Figure 4 shows schematically an example block segmented frame generated
from according to some embodiments;

Figure 5 shows schematically maximum and minimum depth values assigned
for each block within the segmented frame as shown in Figure 4;

Figure 6 shows spatial neighbouring block maximum (and minimum) depth
value comparison according to some embodiments;

Figure 7 shows an example depth value image;

Figure 8 shows an example upscaled version of a block segmented minimum
depth value image generated from the example depth value image shown in Figure 7;

Figure 9 shows an example upscaled version of a block segmented maximum
depth value image generated from the example depth value image shown in Figure 7;

Figure 10 shows an example maximum minus minimum depth value image
based on the upscaled version of a block segmented minimum depth value image of
Figure 8 and the example upscaled version of a block segmented maximum depth
value image of Figure 9; and

Figure 11 shows an example compressed depth value image based on the
image of claim 7 and processed according to some embodiments.

DETAILED DESCRIPTON OF SOME EXAMPLE EMBODIMENTS
In the following, several embodiments will be described in the context of one

video coding arrangement and example. It is to be noted, however, that the invention

is not limited to this particular arrangement or example. In fact, the different
6
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embodiments have applications widely in any environment where improvement of

depth values compression is required. For example, the invention may be applicable
to video coding systems like streaming systems, DVD players, digital television
receivers, personal video recorders, systems and computer programs on personal
computers, handheld computers and communication devices, as well as network
elements such as transcoders and cloud computing arrangements where video data is
handled.

In the following, several embodiments are described using the convention of
referring to (de)coding, which indicates that the embodiments may apply to decoding
and/or encoding.

Depth-enhanced video refers to texture video having one or more views
associated with depth video having one or more depth views. A number of approaches
may be used for representing of depth-enhanced video, including the use of video plus
depth (V+D), multiview video plus depth (MVD), and layered depth video (LDV). In the
video plus depth (V+D) representation, a single view of texture and the respective view
of depth are represented as sequences of texture picture and depth pictures,
respectively. The MVD representation contains a number of texture views and
respective depth views. In the LDV representation, the texture and depth of the central
view are represented conventionally, while the texture and depth of the other views are
partially represented and cover only the dis-occluded areas required for correct view
synthesis of intermediate views.

It is to be appreciated that the term ‘depth view’ may refer to a view that
represents distance information of a texture sample from the camera sensor, disparity
or parallax information between a texture sample and a respective texture sample in
another view, or similar information. A depth view may include depth images (which
may be also referred to as depth image maps and depth view components) having one
component, similar to the luma component of texture views. The other color
components, similar to chroma components of texture views, may be absent in the
depth views, and may be set to default values (e.g. by an encoder) and/or may be
omitted (e.g. by a decoder).

A depth map image may be considered to represent the values related to the
distance of the surfaces of the scene objects from a reference location, for example a
view point of an observer. A depth map image is an image that may include per-pixel
depth information or any similar information. For example, each sample in a depth map

image represents the distance of the respective texture sample or samples from the
7
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plane on which the camera lies. In other words, if the z axis is along the shooting axis

of the cameras (and hence orthogonal to the plane on which the cameras lie), a sample
in a depth map image represents the value on the z axis.

Since depth map images are generated containing a depth value for each pixel
in the image, they can be depicted as gray-level images or images containing only the
luma component. Alternatively chroma components of the depth map images may be
set to a pre-defined value, such as a value indicating no chromaticity, e.g. 128 in typical
8-bit chroma sample arrays, where a zero chromaticity level is arranged into the middle
of the value range. Alternatively, chroma components of depth map images may be
used to contain other picture data, such as any type of monochrome auxiliary pictures,
such as alpha planes.

A texture view component may be defined as a coded representation of the
texture of a view in a single access unit. A texture view component in depth-enhanced
video bitstream may be coded in a manner that is compatible with a single-view texture
bitstream or a multi-view texture bitstream so that a single-view or multi-view decoder
can decode the texture views even if it has no capability to decode depth views. For
example, an H.264/AVC decoder may decode a single texture view from a depth-
enhanced H.264/AVC bitstream. A texture view component may alternatively be coded
in @ manner that a decoder capable of single-view or multi-view texture decoding, such
H.264/AVC or MVC decoder, is not able to decode the texture view component for
example because it uses depth-based coding tools. A depth view component may be
defined as a coded representation of the depth of a view in a single access unit. A view
component pair may be defined as a texture view component and a depth view
component of the same view within the same access unit.

Depth-enhanced video may be coded in a manner where texture and depth are
coded independently of each other. For example, texture views may be coded as one
MVC bitstream and depth views may be coded as another MVC bitstream. Depth-
enhanced video may also be coded in a manner where texture and depth are jointly
coded. In a form of a joint coding of texture and depth views, some decoded samples
of a texture picture or data elements for decoding of a texture picture are predicted or
derived from some decoded samples of a depth picture or data elements obtained in
the decoding process of a depth picture. Alternatively or in addition, some decoded
samples of a depth picture or data elements for decoding of a depth picture are
predicted or derived from some decoded samples of a texture picture or data elements

obtained in the decoding process of a texture picture. In another option, coded video
8
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data of texture and coded video data of depth are not predicted from each other or one

is not coded/decoded on the basis of the other one, but coded texture and depth view
may be multiplexed into the same bitstream in the encoding and demultiplexed from
the bitstream in the decoding. In yet another option, while coded video data of texture
is not predicted from coded video data of depth in e.g. below slice layer, some of the
high-level coding structures of texture views and depth views may be shared or
predicted from each other. For example, a slice header of coded depth slice may be
predicted from a slice header of a coded texture slice. Moreover, some of the
parameter sets may be used by both coded texture views and coded depth views.

Depth-enhanced video formats enable generation of virtual views or pictures at
camera positions that are not represented by any of the coded views. Generally, any
depth-image-based rendering (DIBR) algorithm may be used for synthesizing views.

Depth information can be obtained by various means. For example, depth of the
3D scene may be computed from the disparity registered by capturing cameras or
colour image sensors. A depth estimation approach, which may also be referred to as
stereo matching, takes a stereoscopic view as an input and computes local disparities
between the two offset images of the view. Since the two input views represent different
viewpoints or perspectives, the parallax creates a disparity between the relative
positions of scene points on the imaging planes depending on the distance of the
points. A target of stereo matching is to extract those disparities by finding or detecting
the corresponding points between the images. Several approaches for stereo matching
exist. For example, in a block or template matching approach each image is processed
pixel by pixel in overlapping blocks, and for each block of pixels a horizontally localized
search for a matching block in the offset image is performed. Once a pixel-wise
disparity is computed, the corresponding depth value z is calculated by:

b
- d{rAd ’

where f is the focal length of the camera and b is the baseline distance between

cameras. Further, d may be considered to refer to the disparity observed between the
two cameras or the disparity estimated between corresponding pixels in the two
cameras. The camera offset Ad may be considered to reflect a possible horizontal
misplacement of the optical centres of the two cameras or a possible horizontal
cropping in the camera frames due to pre-processing. However, since the algorithm is
based on block matching, the quality of a depth-through-disparity estimation is content

dependent and very often not accurate. For example, no straightforward solution for
9
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depth estimation is possible for image fragments that are featuring very smooth areas

with no textures or large level of noise. Another approach to represent the depth
values of different views in the stereoscopic or multiview case is to report the disparity
between pixels of each view to the adjacent view instead of the actual depth values.
The following equation shows how depth values are converted to disparity:

D=Fxix( d ( 1 1 ) N 1 )
=f XX X —
2N -1 Znear Zfar Zfar

where:

D = disparity value

f = focal length of capturing camera

| = translational difference between cameras

d = depth map value

N = number of bits representing the depth map values

Znear and Zfar are the respective distances of the closest and farthest objects in the

scene to the camera (mostly available from the content provider), respectively.

The semantics of depth map values may for example include the following:

1. Each luma sample value in a coded depth view component represents an inverse
of real-world distance (Z) value, i.e. 1/Z, normalized in the dynamic range of the
luma samples, such as to the range of 0 to 255, inclusive, for 8-bit luma
representation. The normalization may be done in a manner where the quantization
1/Z is uniform in terms of disparity.

2. Each luma sample value in a coded depth view component represents an inverse
of real-world distance (Z) value, i.e. 17/Z, which is mapped to the dynamic range of
the luma samples, such as to the range of 0 to 255, inclusive, for 8-bit luma
representation, using a mapping function f(1/Z) or table, such as a piece-wise linear
mapping. In other words, depth map values result in applying the function f(1/Z).

3. Each luma sample value in a coded depth view component represents a real-world
distance (Z) value normalized in the dynamic range of the luma samples, such as
to the range of 0 to 255, inclusive, for 8-bit luma representation.

4. Each luma sample value in a coded depth view component represents a disparity
or parallax value from the present depth view to another indicated or derived
depth view or view position.

The semantics of depth map values may be indicated in the bit-stream,

for example, within a video parameter set syntax structure, a sequence
10
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parameter set syntax structure, a video usability information syntax structure, a
picture parameter set syntax structure, a camera/depth/adaptation parameter
set syntax structure, a supplemental enhancement information message, or
anything alike.

An encoding system or any other entity creating or modifying a bitstream
including coded depth image maps may create and include information on the
semantics of depth samples and on the quantization scheme of depth samples
into the bitstream. Such information on the semantics of depth samples and on
the quantization scheme of depth samples may be for example included in a
video parameter set structure, in a sequence parameter set structure, or in a
supplemental enhancement information (SEl) message.

Alternatively or in addition to the above-described stereo view depth estimation,
the depth value may be obtained using the time-of-flight (TOF) principle for example
by using a camera which may be provided with a light source, for example an infrared
emitter, for illuminating the scene. Such an illuminator may be arranged to produce an
intensity modulated electromagnetic emission for a frequency between e.g. 10-100
MHz, which may require LEDs or laser diodes to be used. Infrared light may be used
to make the illumination unobtrusive. The light reflected from objects in the scene is
detected by an image sensor, which may be modulated synchronously at the same
frequency as the illuminator. The image sensor may be provided with optics; a lens
gathering the reflected light and an optical bandpass filter for passing only the light with
the same wavelength as the illuminator, thus helping to suppress background light.
The image sensor may measure for each pixel the time the light has taken to travel
from the illuminator to the object and back. The distance to the object may be
represented as a phase shift in the illumination modulation, which can be determined
from the sampled data simultaneously for each pixel in the scene.

Alternatively or in addition to the above-described stereo view depth estimation
and/or TOF-principle depth sensing, depth values may be obtained using a structured
light approach which may operate for example approximately as follows. A light emitter,
such as an infrared laser emitter or an infrared LED emitter, may emit light that may
have a certain direction in a 3D space (e.g. follow a raster-scan or a pseudo-random
scanning order) and/or position within an array of light emitters as well as a certain
pattern, e.g. a certain wavelength and/or amplitude pattern. The emitted light is

reflected back from objects and may be captured using a sensor, such as an infrared
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image sensor. The image/signals obtained by the sensor may be processed in relation

to the direction of the emitted light as well as the pattern of the emitted light to detect
a correspondence between the received signal and the direction/position of the emitted
lighted as well as the pattern of the emitted light for example using a triangulation
principle. From this correspondence a distance and a position of a pixel may be
concluded.

It is to be understood that the above-described depth estimation and sensing
methods are provided as non-limiting examples and embodiments may be realized
with the described or any other depth estimation and sensing methods and
apparatuses.

Figure 1 shows schematically an example system for compressing and
decompressing the depth map values or depth images according to some
embodiments.

Figure 1, for example shows an example server, or encoder/compressor, 101
and client, or decoder/decompressor, 103. The server 101 is configured to receive
depth image frames (or the array of depth values) and output at least one compressed
value range image.

In some embodiments of the server 101 comprises a frame reader/segmenter
111. The frame reader/segmenter 111 is configured to receive a sequence of depth
image frames (such as those generated by the methods described above or generated
by any suitable other method such as software stitching or Lidar). An example of a
depth image frame is one which comprises 4096x2048 32-bit floating point depth
values. It is understood that the frame size (4096x2048) is an example only and the
frame may be any suitable size. Similarly the representation of the depth value within
the frame, a 32-bit floating point representation is an example only and the depth value
may be any suitable other representation. An example depth image frame sequence
is shown in Figure 3 which shows a sequence of depth map frames from frame 1 3014,
frame 2 301, frame 3 3013 to frame N 301n. Each frame is a frame captured at a
different time instant and in the example shown in Figure 3 shows the image frames
progressing in time t. A further example of a depth image is shown in Figure 7 which
shows an example image where there are foreground objects located against a varying
background.

The frame reader/segmenter 111 having received the sequence of frames may
segment or split the depth image frames into blocks. For example in some

embodiments the reader/segmenter 111 can be configured to split the 4096x2048
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depth values per frame into non-overlapping blocks of 16x16 depth values. The 16x16

block depth value blocks are example only and it is understood that any suitable block
size may be used. For example the block may be a 32x32 block. In such a manner the
4096x2048 depth image frame may be represented as 256x128 blocks. These blocks
can be passed to a compressor 113 and in some embodiments a look up table (LUT)
generator 123 which is part of the compressor 113.

An example of the blocks generated by the reader/segmenter 111 is shown in
Figure 4 which shows frame 1 3011, segmented into 16x16 value blocks. For example
Figure 4 shows for frame 1 3011 an upper left block 401411, an upper right block
4011,1,256, a lower left block 40111281 and a lower right block 4014 128 256, Where the first
subscript reference is the frame number, the second subscript reference the block row
number and the third subscript the block column number.

In some embodiments the server 101 comprises a compressor 113. The
compressor 113 in some embodiments comprises Look up table (LUT) generator 123.

The LUT generator 123 may be configured to receive each of the depth value
blocks. The LUT generator 123 may comprise a minimum value LUT generator 125
and a maximum value LUT generator 127. In some embodiments the functionality of
the maximum and minimum value LUT generators is performed by the same functional
element.

The LUT generator 123 may be configured to receive each block and determine
a minimum and a maximum depth value for each block. Having determined a minimum
and a maximum depth value for each block these values may be passed to the
minimum value LUT generator 125 and the maximum value LUT generator 127 and
used to create a low resolution minimum lookup table (256x128) of minimum values
and maximum lookup table (256x128) of maximum values. An example of such tables
are shown in Figure 5 which shows the block 401111 from frame 1 301 and the
generation of the low resolution minimum value lookup table (256x128) 503 and a
minimum value 503111 associated with the block 4014,1,1 and maximum value lookup
table (256x128) 501 and a maximum value 5014 1,1 associated with the block 4011 1,1.

In some embodiments the LUT generator 123 is configured to determine the
minimum/maximum value for a sequence of frames for each block. Thus for example
the LUT generator 123 may be configured to compare the minimum value block 4011 1 1
from frame 1 301, against minimum value blocks 4014.1,1,1t0 4011+7,1,1 t0o determine a
minimum value for the range of blocks over times —T to +T and set the minimum value

block to the minimum value for all of the compared blocks. Similarly the LUT generator
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123 may be configured to compare the maximum value block from frame 1, against

maximum value blocks over a range of values from —T to +T to determine a maximum
value for the range of blocks over times —T to +T and set the maximum value block to
the maximum value for all of the compared blocks. The range of frame values may be
any suitable range of values and is not limited to —T to +T.

In some embodiments the look up table generator 123 (and the minimum value
LUT generator 125 and the maximum LUT generator 127) is then configured to
compare each block minimum value to spatial neighbouring block minimum values and
where a neighbouring block value is less than the current block value to set the current
block value to the neighbouring block value. In other words checking whether the
minimum value for a block is equal to the minimum value for all the neighbouring
blocks.

This operation is required in order to limit over/under flow of the values once
Gaussian or bilinear filtering has been applied. Furthermore in some circumstances
the depth values will fit inside the temporal sequence min value range once the
upscaled min LUTs are generated (as described later).

A similar check of each block maximum value against spatial neighbouring block
maximum values for each block is also performed in some embodiments. In this check
each block maximum value is compared to spatial neighbouring block maximum values
and the current block maximum value is set to the neighbouring block maximum value
where the neighbouring block value is greater than the current block maximum value.

An example of the spatial neighbouring block check is shown in Figure 6 which
shows an example block maximum value 501txy and column neighbouring blocks
maximum values 501¢xy-1 and 501ixy+1, row neighbouring blocks maximum values
501t x1,y and 501 x+1,y, first diagonal neighbouring blocks maximum values 501¢x-1,y-1
and 501x+1,y+1 and second diagonal neighbouring blocks maximum values 501t x+1,y-1
and 501tx+1,y-1. In other words each spatial neighbouring check may be performed by
comparing the block maximum value 501txy against block maximum values 501ix,-1,
501t x,y+1, 901t x1y, D01t x+1,y, DOt x-1,y-1, D01t x+1,y+1, D01t x+1,y-1 @nd 501¢x+1,y-1 @and setting
the block maximum value to the maximum of all of the values.

The LUT generator 123 (and the minimum value LUT generator 125 and the
maximum value LUT generator 127) can further be configured to upscale the low
resolution 256x128 value images to form a full resolution 4096x2048 image for both of
the maximum and minimum value images. The upscaling may be achieved using any

suitable upscaling method. For example in some embodiments the upscaling is
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performed using Gaussian filters or bilinear filters to interpolate between the block low

resolution values to the full resolution values.

An example of an upscaled minimum distance image based on the image shown
in Figure 7 is shown in Figure 8. An example of an upscaled maximum distance image
based on the image shown in Figure 7 is shown in Figure 9.

Having determined the upscaled minimum distance image and the upscaled
maximum distance image these can be passed to a delta image generator 121.

The compressor 113 may in some embodiments comprise a delta image
generator 121. The delta image generator receives the upscaled minimum distance
image and the upscaled maximum distance image and generates a delta or difference
image which comprises for each of the pixels the difference value between the
upscaled minimum distance image and the upscaled maximum distance image. The
delta image may be passed to an image encoder 131.

An example of the delta image based on the image shown in Figure 7 is shown
in Figure 10. In this image it is possible to see where there are areas of large
differences and small difference. Thus it may be possible to use the available small
dynamic range (such as allowed by the use of 8 bits) efficiently for encoding or
compressing the depth values in such a way that the small difference areas may have
smaller quantization steps when compared to the areas where there are large
differences (and require larger quantization steps).

The LUT generator 123 (and the minimum value LUT generator 125 and the
maximum LUT generator 127) can further be configured to verify that the determined
maximum and minimum values are the maximum and minimum values not only for the
frame being analysed but all of the frames in the current sequence. In other words the
LUT generator verifies that the maximum and minimum are the maximum and
minimum for a range of temporal separated frames.

Where the minimum or maximum values are exceeded across the sequence
range of frames then the range is extended to cover the minimum or maximum value.
This may in some embodiments require the regeneration of the upscaled maximum
depth image, upscaled minimum depth image and the delta image. In some corner
cases bilinear/Gaussian upscaling may provide out of range values and therefore
validation of all the blocks for a sequence of frames to determine that they fit inside the
range is performed. If there are overflows the range may be extended a bit until all the

values are inside.
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The LUT generator 123 (and the minimum value LUT generator 125 and the

maximum LUT generator 127) may then output the block (low resolution) maximum
and minimum lookup table values for this sequence of frames to the image encoder
131 to be encoded as meta data. Furthermore the upscaled minimum distance image
and the upscaled maximum distance image may also be output to the image encoder
131.

The server 101 further comprises an image encoder 131. The image encoder
131 may be configured to receive the original image frames from the reader/segmenter
111, the delta image from the delta image generator 121 and the block (low resolution)
maximum and minimum lookup table values for this sequence of frames, the upscaled
minimum distance images and the upscaled maximum distance images from the LUT
generator 123.

The image encoder may then encode the actual depth sequence image frames
to video frames. For example in some embodiments each depth video frame pixel may
be represented as

compressedOutput=(depthValue-lutMIN)/(lutMAX-lutMIN) * 255.0f

where compressed output is the 8-bit output value which will be used in the
video encoding, depthValue represents the original (32-bit floating point) value that is
to be compressed and lutMIN/IUtMAX values are the upscaled (Gaussian or bilinear
filtered) image values.

An example of the compressed output value image based on the image shown
in Figure 7 is shown in Figure 11.

With respect to Figure 2 the flow diagram of the operation of the server is shown
in further detail.

The first operation is to read the (4096x2048 32-bit floating point) depth frames
and segment the depth frames into (16x16) blocks.

The operation of reading the depth frames and segmenting these frames is
shown in Figure 2 by step 201.

The system may then further determine the minimum and maximum depth
values for each (16x16) block and for all of the depth frame images for a sequence of
image and creates a low resolution minimum/maximum lookup table.

The operation of determining the minimum/maximum values for the (16x16)
blocks and creating a low resolution minimum value image and low resolution

maximum value image is shown in Figure 2 by step 203.
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The system further comprises on a block by block basis comparing the minimum

values to spatially neighbouring block minimum values. Furthermore on a block by
block basis comparing the maximum values to spatially neighbouring block maximum
values.

The operation of comparing the values to specially neighbouring block values is
shown in Figure 2 by step 205.

The system further comprises upscaling the minimum and maximum low
resolution images (using a Gaussian blur or bilinear filter) to generate an original
resolution minimum and maximum depth image.

The operation of upscaling the minimum and maximum low resolution images
(using a Gaussian blur or bilinear filter) to generate original resolution depth images is
shown in Figure 2 by step 207.

The system further comprises verifying that depth values for a block for the time
sequence of image frames are within the minimum and maximum range.

The operation of verifying that depth values for a block for the time sequence of
image frames are within the minimum and maximum range is shown in Figure 2 by
step 209.

Where the determined value for a block is outside the maximum/minimum range
then the system further extends the block value range so that all depth values for the
sequence fit inside the range.

The operation of extending the minimum/maximum range is shown in Figure 2
by step 210.

Where the determined value for a block is within the range then the next
operation is to store/output the minimum/maximum values as video metadata.

The operation of storing the minimum/maximum values as video meta data is
shown in Figure 2 by step 211.

Furthermore the system comprises encoding the depth image frames using the
upscaled minimum/maximum images.

The operation of encoding or compressing the depth image frames using the
upscaled minimum/maximum image values is shown in Figure 2 by step 213.

The system then encodes the depth images with the maximum/minimum meta
data and outputs this combination.

The operation of combining the encoded depth image frames with the
minimum/maximum lookup table information as meta data is shown in Figure 2 by step

215.
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Decompression of the compressed/encoded sequence may be performed by

the client 103 shown in Figure 1.

The client 103 comprises a decoder 141 configured to receive the encoded
depth images and the maximum and minimum LUT block values.

The decoder 141 may then read or extract the low-resolution
minimum/maximum value look-up tables (LUT). The minimum/maximum value LUTs
may then be upscaled using the same algorithm as performed in the LUT generator
123 to generate upscaled maximum and minimum depth image frames.

Then using the compressed images (compressedValue) and the upscaled look-
up tables a decompressed or decoded (floating point) depth value can be determined.
For example the decompressed or decoded (floating point) depth value can be
generated by implementing the following formula:

depthValue=(compressedValue * (lutMax-lutMin)) / 255.0f + lutMin.

The decoder 141 may then pass the decoded depth frame data to a output frame
store 151.

In some embodiments the client may comprise a output frame store 151
configured to receive the decoded depth frame data from the decoder 141 and
store/output the depth frame.

Embodiments of the present invention may be implemented in software,
hardware, application logic or a combination of software, hardware and application
logic. In an example embodiment, the application logic, software or an instruction set
is maintained on any one of various conventional computer-readable media. In the
context of this document, a “computer-readable medium” may be any media or means
that can contain, store, communicate, propagate or transport the instructions for use
by or in connection with an instruction execution system, apparatus, or device, such
as a computer, with one example of a computer described and depicted in Figure 1. A
computer-readable medium may comprise a computer-readable storage medium that
may be any media or means that can contain or store the instructions for use by or in
connection with an instruction execution system, apparatus, or device, such as a
computer.

If desired, the different functions discussed herein may be performed in a
different order and/or concurrently with each other. Furthermore, if desired, one or
more of the above-described functions may be optional or may be combined.

Although the above examples describe embodiments operating within a codec

within an electronic device, it would be appreciated that the invention as described
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below may be implemented as part of any video codec. Thus, for example,

embodiments of the invention may be implemented in a video codec which may
implement video coding over fixed or wired communication paths.

In general, the various embodiments of the invention may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. For
example, some aspects may be implemented in hardware, while other aspects may be
implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the invention is not limited thereto.
While various aspects of the invention may be illustrated and described as block
diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatuses, systems, techniques or methods described herein may
be implemented in, as non-limiting examples, hardware, software, firmware, special
purpose circuits or logic, general purpose hardware or controller or other computing
devices, or some combination thereof.

The embodiments of this invention may be implemented by computer software
executable by a data processor of the mobile device, such as in the processor entity,
or by hardware, or by a combination of software and hardware. Further in this regard
it should be noted that any blocks of the logic flow as in the Figures may represent
program steps, or interconnected logic circuits, blocks and functions, or a combination
of program steps and logic circuits, blocks and functions. The software may be stored
on such physical media as memory chips, or memory blocks implemented within the
processor, magnetic media such as hard disk or floppy disks, and optical media such
as for example DVD and the data variants thereof, CD.

The various embodiments of the invention can be implemented with the help of
computer program code that resides in a memory and causes the relevant apparatuses
to carry out the invention. For example, a terminal device may comprise circuitry and
electronics for handling, receiving and transmitting data, computer program code in a
memory, and a processor that, when running the computer program code, causes the
terminal device to carry out the features of an embodiment. Yet further, a network
device may comprise circuitry and electronics for handling, receiving and transmitting
data, computer program code in a memory, and a processor that, when running the
computer program code, causes the network device to carry out the features of an
embodiment.

The memory may be of any type suitable to the local technical environment and

may be implemented using any suitable data storage technology, such as
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semiconductor-based memory devices, magnetic memory devices and systems,

optical memory devices and systems, fixed memory and removable memory. The data
processors may be of any type suitable to the local technical environment, and may
include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs) and processors based on multi-core
processor architecture, as non-limiting examples.

Embodiments of the inventions may be practiced in various components such
as integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are available for converting
a logic level design into a semiconductor circuit design ready to be etched and formed
on a semiconductor substrate.

Programs, such as those provided by Synopsys Inc., of Mountain View,
California and Cadence Design, of San Jose, California automatically route conductors
and locate components on a semiconductor chip using well established rules of design
as well as libraries of pre-stored design modules. Once the design for a semiconductor
circuit has been completed, the resultant design, in a standardized electronic format
(e.g., Opus, GDSII, or the like) may be transmitted to a semiconductor fabrication
facility or "fab" for fabrication.

The foregoing description has provided by way of exemplary and non-limiting
examples a full and informative description of the exemplary embodiment of this
invention. However, various modifications and adaptations may become apparent to
those skilled in the relevant arts in view of the foregoing description, when read in
conjunction with the accompanying drawings and the appended claims. However, all
such and similar modifications of the teachings of this invention will still fall within the
scope of this invention.
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Claims:

1. A method for encoding at least one depth image frame within a sequence of
depth image frames, the method comprising:

segmenting each at least one depth image frame into an array of depth image
blocks;

determining for each depth image block a minimum depth image value and a
maximum depth image value;

generating a maximum depth image from the determined maximum depth
image values;

generating a minimum depth image from the determined minimum depth image
values; and

encoding values of the at least one depth image frame based on values of the
maximum depth image and values of the minimum depth image at corresponding

positions.

2. The method as claimed in claim 1, comprising:

combining the encoded values of the at least one depth image frame with the
determined blocks minimum depth image values and maximum depth image values;
and

transmitting or storing the combination of the encoded values of the at least one
depth image frame with the determined blocks minimum depth image values and

maximum depth image values.

3. The method as claimed in any of claims 1 or 2, wherein generating a maximum
depth image frame from the determined blocks maximum depth image values
comprises applying one of a Gaussian blur filter or bilinear filter to the determined

blocks maximum depth image values.

4. The method as claimed in any of claims 1 to 3, wherein generating a minimum
depth image frame from the determined blocks minimum depth image values
comprises applying one of a Gaussian blur filter or bilinear filter to the determined

blocks minimum depth image values.
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5. The method as claimed in any of claims 1 to 4, wherein determining for each

depth image block a minimum depth image value and a maximum depth image value
comprises:

determining for the sequence of depth image frames a minimum depth image
value for each depth image block; and

determining for the sequence of depth image frames a maximum depth image

value for each depth image block.

6. The method as claimed in any of claims 1 to 5, wherein determining for each
depth image block a minimum depth image value and a maximum depth image value
comprises:

determining a block maximum depth image value as a maximum value from the
block maximum depth image values from the block maximum depth image value and
spatially neighbouring block maximum depth image values; and

determining a block minimum depth image value as a minimum value from the
block minimum depth image values from the block minimum depth image value and

spatially neighbouring block minimum depth image values.

7. The method as claimed in any of claims 1 to 6, further comprising comparing,
for each block, a sequence of determined blocks maximum depth image values to
determine that the determined block maximum depth image value is equal to a
maximum value from the sequence of determined blocks maximum depth image

values.

8. The method as claimed in any of claims 1 to 7, further comprising comparing,
for each block, a sequence of determined blocks minimum depth image values to
determine that the determined block minimum depth image value is equal to a
minimum value from the sequence of determined blocks maximum depth image

values.

9. The method as claimed in any of claims 1 to 8, wherein encoding values of the
at least one depth image frame based on values of the maximum depth image and
values of the minimum depth image at corresponding positions comprises determining
an encoded value of the at least one depth image frame by:
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determining a difference value by subtracting a corresponding location minimum

depth image value from a location depth image value; and
scaling the difference value by dividing the difference value by the difference
between a corresponding location maximum image value and the corresponding

location minimum image value.

10. A method for decoding at least one depth image frame within a sequence of
depth image frames, the method comprising:

receiving an encoded depth image frame;

receiving a depth image frame array of minimum values and array of maximum
values;

generating a maximum depth image from the depth image frame array of
maximum values;

generating a minimum depth image from the depth image frame array of
maximum values; and

decoding values of the encoded depth image frame based on values of the
maximum depth image and values of the minimum depth image at corresponding

positions.

11.  The method for decoding as claimed in claim 10, wherein decoding values of
the encoded depth image frame based on values of the maximum depth image and
values of the minimum depth image at corresponding positions comprises:

rescaling a depth image value at a location to generate a rescaled depth image
value by multiplying an encoded depth image frame at the location by the difference
between a corresponding location maximum image value and a corresponding location
minimum image value; and

releveling the depth image value at the location to generate the decoded value
by adding the corresponding location minimum image value to the rescaled depth

image value.

12.  An apparatus for encoding at least one depth image frame within a sequence of
depth image frames, the apparatus comprises:
a segmenter configured to segment each at least one depth image frame into

an array of depth image blocks;
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a minimum and maximum depth determiner configured to determine for each

depth image block a minimum depth image value and a maximum depth image value;
an upscaler configured to generate a maximum depth image from the
determined maximum depth image values and generate a minimum depth image from
the determined minimum depth image values; and
an encoder configured to encode values of the at least one depth image frame
based on values of the maximum depth image and values of the minimum depth image

at corresponding positions.

13.  The apparatus as claimed in claim 12, further comprising a combiner configured
to combine the encoded values of the at least one depth image frame with the

determined blocks minimum depth image values and maximum depth image values.

14. The apparatus as claimed in any of claims 12 and 13, further comprising a
transmitter configured to transmit the combination of the encoded values of the at least
one depth image frame with the determined blocks minimum depth image values and

maximum depth image values.

15. The apparatus as claimed in any of claims 12 to 14, further comprising a
memory configured to store the combination of the encoded values of the at least one
depth image frame with the determined blocks minimum depth image values and

maximum depth image values.

16. The apparatus as claimed in any of claims 12 to 15, wherein the upscaler is
configured to apply one of a Gaussian blur filter or bilinear filter to the determined

blocks maximum depth image values.

17. The apparatus as claimed in any of claims 12 to 16, wherein the upscaler is
configured to apply one of a Gaussian blur filter or bilinear filter to the determined

blocks minimum depth image values.

18. The apparatus as claimed in any of claims 12 to 17 wherein the minimum and
maximum depth determiner is configured to:
determine for the sequence of depth image frames a minimum depth image

value for each depth image block; and
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determine for the sequence of depth image frames a maximum depth image

value for each depth image block.

19. The apparatus as claimed in any of claims 12 to 18, wherein the minimum and
maximum depth determiner is configured to:

determine a block maximum depth image value as a maximum value from the
block maximum depth image values from the block maximum depth image value and
spatially neighbouring block maximum depth image values; and

determine a block minimum depth image value as a minimum value from the
block minimum depth image values from the block minimum depth image value and

spatially neighbouring block minimum depth image values.

20. The apparatus as claimed in any of claims 12 to 19, further comprising a
maximum value comparator configured to compare, for each block, a sequence of
determined blocks maximum depth image values to determine that the determined
block maximum depth image value is equal to a maximum value from the sequence of

determined blocks maximum depth image values.

21. The apparatus as claimed in any of claims 12 to 20, further comprising a
minimum value comparator configured to compare, for each block, a sequence of
determined blocks minimum depth image values to determine that the determined
block minimum depth image value is equal to a minimum value from the sequence of

determined blocks maximum depth image values.

22. The apparatus as claimed in any of claims 12 to 21, wherein the encoder
comprises:

a delta image generator configured to determine a difference value by
subtracting a corresponding location minimum depth image value from a location depth
image value; and

a scaler configured to scale the difference value by dividing the difference value
by the difference between a corresponding location maximum image value and the

corresponding location minimum image value.

23. An apparatus for decoding at least one depth image frame within a sequence of

depth image frames, the apparatus comprising:
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an input configured to receive an encoded depth image frame;

an input configured to receive a depth image frame array of minimum values
and array of maximum values;

an upscaler configured to generate a maximum depth image from the depth
image frame array of maximum values, and a minimum depth image from the depth
image frame array of maximum values; and

a decoder configured to decode values of the encoded depth image frame
based on values of the maximum depth image and values of the minimum depth image

at corresponding positions.

24. The apparatus as claimed in claim 23, wherein the decoder comprises:

a rescaler configured to rescale a depth image value at a location to generate a
rescaled depth image value by multiplying an encoded depth image frame at the
location by the difference between a corresponding location maximum image value
and a corresponding location minimum image value; and a

releveler configured to relevel the depth image value at the location to generate
the decoded value by adding the corresponding location minimum image value to the
rescaled depth image value.

25. The method as claimed in claims 1 to 11 or the apparatus as claimed in claims
12 to 24, wherein each depth image block comprises at least one of:
16x16 depth image values; and

32x32 depth image values.
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