EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Video coding and decoding devices and methods preserving
ppg relevant information

Citation for published version (APA):
Kirenko, I., Haan, de, G., & Leest, van, A. J. (2013). Video coding and decoding devices and methods
preserving ppg relevant information. (Patent No. US2013294505).

Document status and date:
Published: 07/11/2013

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/en/publications/b72b8d6b-f674-43b4-ac58-a40fee6f90d2

US 20130294505A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2013/0294505 A1
Kirenko et al. 43) Pub. Date: Nov. 7, 2013

(54) VIDEO CODING AND DECODING DEVICES (52) US.CL
AND METHODS PRESERVING CPC i, HO4N 19/00006 (2013.01)
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Adriaan Johan Van Leest, Eindhoven (57) ABSTRACT
(NL)
. The present invention relates to a video encoding device (10,
(73) Assignee: EI%ND%\J&?EI;I%ESHILIPS NV, 10', ?0") and method for encoding video data ar%d toa co(rre-

sponding video decoding device (60, 60') and method. To
preserve PPG relevant information after encoding without

(21) Appl.No- 13/996,641 requiring a large amount of additional data for the video

(22) PCT Filed: Dec. 27, 2011 encoder output stream, the proposed video encoding device
comprises a selection unit (20, 20') for selecting a region of

(86) PCT No.: PCT/IB11/55971 interest (101) in input video data (100) providing a strong
PPG signal, a first encoding unit (30,30") for encoding said

§ 371 (e)(1), selected region of interest (101) of said input video data (100)

(2), (4) Date:  Jun. 21, 2013 according to a predetermined encoding scheme with a first

setting of the encoding to preserve PPG-relevant information
in the encoded region of interest, a second encoding unit (40,
40") for encoding remaining parts (103) of said input video
Jan. 5,2011  (EP) oo 11150146.6 data (100) according to said predetermined encoding scheme
Publication Classification with a second setting of the encoding, and an encoder com-

bination unit (50) for combining the encoded region of inter-

(51) Imt.CL est (102) and the encoded remaining parts (104) of said input

HO4N 7726 (2006.01) video data into an encoder output video stream (105).
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VIDEO CODING AND DECODING DEVICES
AND METHODS PRESERVING

FIELD OF THE INVENTION

[0001] The present invention relates to a video encoding
device and a corresponding video encoding method for
encoding video data, by which PPG (photo plethysmographic
imaging) relevant information is preserved.

[0002] Further, the present invention relates to a video
decoding device and a corresponding video decoding method
for decoding encoded video data.

[0003] Still further, the present invention relates to a video
coding system for encoding and decoding video data and to a
computer program for implementing said methods.

BACKGROUND OF THE INVENTION

[0004] There is an increasing demand to provide techno-
logical solutions for a robust continuous monitoring of bio-
metrical signals of people. This demand is a result of growing
awareness of the importance of a healthy and active lifestyle
among the younger generations. Moreover, the constantly
ageing population as aresult of increased life expectancy puts
extra pressure on the necessity of health monitoring systems
with minimal interference to a person’s daily life activity.
Unobtrusive monitoring of biometrical signals could be used
to provide a virtually immediate feedback on the body and
mind condition at any time, and evaluate changes in the health
status of people as soon as possible.

[0005] Conventional devices and methods of measuring
biometrical signals (e.g. heart rate, respiratory rate, blood
pressure, skin oxygenation, etc) require the user to wear
annoying body sensors, which might be experienced as obtru-
sive to a normal human life activity. Therefore, attempts are
seen in recent years to develop contactless techniques for
remote monitoring of vital body signals. The latest develop-
ments show the implementation of unobtrusive remote moni-
toring by means of imaging sensors as designed for consumer
(webcam) or broadcast video.

[0006] A method to measure skin color variations, called
Photo-Plethysmographic imaging (PPG), is described in
Wim Verkruysse, Lars O. Svaasand, and J. Stuart Nelson,
“Remote plethysmographic imaging using ambient light”,
Optics Express, Vol. 16, No. 26, December 2008. It is based
on the principle that temporal variations in blood volume in
the skin lead to variations in light absorptions by the skin.
Such variations can be registered by a video camera that takes
images of a skin area, e.g. the face, while processing calcu-
lates the pixel average over a manually selected region (typi-
cally part of the cheek in this system). By looking at periodic
variations of this average signal, the heart beat rate and res-
piratory rate can be extracted.

[0007] Known systems for remote measurement of heart
beat or respiratory rate signals are based on analysis of
uncompressed, un-processed video sequences directly after
image sensing. In most ‘“real-life” applications video
sequences are stored or transmitted in a compressed form.
The compression of video signals presumes a removal of
some redundant (from visual perception point of view) infor-
mation. Unfortunately, information, which is not important
for visual perception might be crucial for detection of bio-
metrical signals. For instance, the MPEG compression stan-
dard makes use of inter-frame predictions, which slightly
changes the temporal information of a video signal. Those
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changes make the detection of temporal biometrical signals
difficult or even impossible. However, for many applications,
extraction of heart beat signal from a video should be imple-
mented after the video recording took place. In those cases,
compressed video would be processed.

[0008] The PPG relevant information can be preserved in a
coded bit stream if a video is compressed at a high bit rate.
However, compression of a video with a low compression
ratio will increase the size of a storage file or increase the
transmission bandwidth. Therefore, there is a need for pres-
ervation of the information required for off-line extraction of
biometrical signals during video recording and compression,
in particular according to one of the conventional video cod-
ing standards.

[0009] Standard video coding techniques (like MPEG?2,
MPEG4, H.264) achieve a significant compression of video
information by applying a temporal prediction. Most of the
frames in a video sequence (types B and P, B meaning “Bidi-
rectionally predicted frame”, P meaning “forward Predicted
frame™) are encoded as quantized differences between an
original frame and a motion-compensated inter coded frame
(type B or P). Some of the visual information is lost due to
quantization and motion prediction. Although this informa-
tion is insignificant from visual perception point of view, it
contains data crucial for extraction of biometrical signals,
such as the heart beat.

[0010] PPG information can be preserved in a video
sequence, if the video is compressed at high bit-rate, without
applying temporal prediction, and/or de-blocking filter (for
H.264). For example, MIPEG or MIPEG2K, based on intra-
frame coding only, can be applied to compress a video and
preserve PPG signal. However, intra-coding of whole frames
cannot provide a compression ratio, required by most of mul-
timedia applications. Hence, there is particularly a need for a
method and a device allowing compression of video using
standard lossy video compression techniques and preserve
image information required for extraction of PPG signal after
decoding of a video.

SUMMARY OF THE INVENTION

[0011] Tt is an object of the present invention to provide a
video encoding device and a corresponding video encoding
method for encoding video data, by which PPG relevant
information is preserved without requiring a large amount of
additional data. Itis a further object of the present invention to
provide a corresponding video decoding device and method,
a video coding system and a computer program for imple-
menting said methods.

[0012] In a first aspect of the present invention a video
encoding device is presented comprising

[0013] aselection unit for selecting a region of interest in
input video data providing a strong PPG signal,

[0014] a first encoding unit for encoding said selected
region of interest of said input video data (102) accord-
ing to a predetermined encoding scheme with a first
setting of the encoding to preserve PPG-relevant infor-
mation in the encoded region of interest,

[0015] a second encoding unit for encoding remaining
parts of said input video data according to said predeter-
mined encoding scheme with a second setting of the
encoding, and
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[0016] an encoder combination unit for combining the
encoded region of interest and the encoded remaining
parts of said input video data into an encoder output
video stream.

[0017] In a further aspect of the present invention a video
decoding device is presented for decoding an encoded video
stream, said encoded video stream comprising encoeded video
data, wherein a region of interest of input video data has been
encoded according to a predetermined encoding scheme with
a first setting of the encoding to preserve PPG-relevant infor-
mation in the encoded region of interest and remaining parts
of said input video data have been encoded according to said
predetermined encoding scheme with a second setting of the
encoding, said video decoding device comprising:

[0018] a first decoding unit for decoding the encoded
region of interest according a decoding scheme comple-
mentary to the encoding scheme that has been used for
encoding said region of interest,

[0019] aPPG extraction unit for extracting a PPG signal
from said decoded region of interest.

[0020] In further aspects of the present invention a corre-
sponding video coding method and a corresponding video
decoding method, a video coding system and a computer
program comprising program code means for causing a com-
puter to carry out the steps of the proposed method when said
computer program is carried out on the computer are pre-
sented.

[0021] Preferred embodiments of the invention are defined
in the dependent claims. Tt shall be understood that the
claimed video decoding device, video coding system, meth-
ods and computer program have similar and/or identical pre-
ferred embodiments as the claimed video coding device and
as defined in the dependent claims.

[0022] The present invention is based on the idea, for the
preservation of PPG-relevant information in the encoded
video signal, to encode a selected region of interest contain-
ing an area with PPG-relevant information which allows to
derive a strong PPG signal, in particular the strongest PPG
signal, differently (i.e. with substantially no losses with
respect to the PPG-relevant information) than the other areas
ofthe video data from which no PPG signal shall (or even can)
be extracted. In particular, local coding parameters (in gen-
eral, a particular setting of the encoder) are set for encoding
the selected region of interest, and a bit-budget may be allo-
cated to one or more spatial image areas (i.e. the one or more
regions of interest) useful for extraction of a PPG signal,
while providing the optimal trade-off between the encoding
(e.g. a compression ratio) and the quality of the PPG signal
extracted from a (at least partly) decoded signal.

[0023] Biometrical signals can be detected using Photo-
Plethysmography (PPG) principles from video sequences,
which are for instance either streamed from a video camera or
recorded uncompressed. As mentioned above, in practical
applications such observation is not always supported. The
present invention achieves to preserve PPG visual informa-
tion for the extraction of PPG signals/biometrical signals
during a video compression, e.g. by a standard video coder,
while allowing compression at a low bit rate. Preferably, the
invention allows the generation of a standard compliant coded
bit stream, e.g. for storage on a data carrier or transmission
over a transmission line, e.g. the internet or through a mobile
communications system.

[0024] 1In this context the expression “PPG-relevant infor-
mation” is to be understood as information that is relevant for
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obtaining a PGG signal. Such PPG-relevant information may
include information contained in original video data that is
not recognized for the human eye, for instance slight color
changes of the skin of a person. The expression “PPG signal”
in this context generally means any signal that can be
obtained through PhotoPlethysmoGraphy analysis, such as
temporal biometrical signals, e.g. the heartbeat, cardiac cycle,
SpO2, respiratory rate, depth of anesthesia or hypo- and hyp-
ervolemia.

[0025] Inapreferred embodiment the encoding device fur-
ther comprises an area selection unit for selecting an area, in
particular a skin area, in the input video data as region of
interest, wherein said video data comprises a sequence of
video frames, said frames being divided into spatial blocks,
and a block selection unit for determining the spatial blocks
for said selected area, which determined spatial blocks rep-
resent the region of interest. Generally, the video data are
available as a sequence of video frames, and each frame is
divided into spatial blocks (e.g. of the size comprising 4x4 or
16x16 pixels). Hence, for subsequent encoding according to
this embodiment the optimal spatial blocks are found which
shall be encoded with the first encoding unit.

[0026] According to a further embodiment said area selec-
tion unit comprises a detection unit for detecting a set of
potentially usable areas, in particular skin areas, in the input
video data that could be used as region of interest, and an
analysis unit for analyzing said set of detected potentially
usable areas and selecting an area as region of interest based
on one or more predetermined selection criteria. Such an
analysis unit may, for instance, comprise a face and/or a skin
detector for detecting face and/or skin regions in the video
data, in particular in one or more video frames. Thus, prefer-
ably face or skin areas are potentially usable. Preferably, the
most (temporally) stable face and/or skin region is selected as
region of interest. But other selection criteria may also be
used, such as the spatial size, illumination stability and/or
color stability. Such a detector is, for instance, described in
Paul Viola, Michael Jones, “Robust Real-time Object Detec-
tion”, 2" Intern. Workshop on Statistical and Computational
Theories of Vision, Vancouver, Canada, 2001.

[0027] Inanother embodiment said analysis unit comprises
a PPG extraction unit for extracting a PPG signal from said
detected potentially usable areas and for selecting an area as
region of interest based on the quality and/or content of the
extracted PPG signals. Thus, the analysis unit can better
foresee which of the potentially usable areas will provide a
strong PPG signal and will thus make the selection of the
region of interest accordingly.

[0028] Preferably, said PPG extraction unit is adapted for
determining one or more parameters of the first settings for
the encoding for use by the first encoding unit for encoding
said selected region of interest based on the extracted PPG
signals and said first encoding unit is adapted for using said
one or more parameters of the first setting for the encoding of
said selected region of interest. Thus, the result of the PPG
extraction will be used to control the encoding process of the
selected region of interest to use the optimal encoder setting
to achieve that the best possible PPG signal can be extracted
from the encoded region of interest in the decoder. Those
parameters of the first settings for the encoding unit may
include one or more of a compression rate, intra- or inter-
coding mode of a block/field/frame number of AC coeffi-
cients used, quantizer scale, intra DC precision, customized
quantizer matrix, etc.
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[0029] Inanembodiment said first encoding unitis adapted
for encoding at least the chrominance components, in particu-
lar only the chrominance components, of said selected region
of interest and said second encoding unit is adapted for encod-
ing the luminance components of said selected region of
interest and for encoding the chrominance components and
the luminance components of the remaining parts of said
input video data. This contributes to areduction of the amount
of data for the encoded region of interest video data. Prefer-
ably, but not generally, only chrominance components are
selected and encoded.

[0030] According to another embodiment said first encod-
ing unit is adapted for encoding said selected region of inter-
est by intra-block coding and said second encoding unit is
adapted for encoding remaining parts of said input video data
by inter- and/or intra-block coding. This provides that the
region of interest is encoded substantially without losses.
Intra-block coding and inter-block coding are generally
known techniques and are often, e.g. in MPEG encoders, used
forencoding. Hence, no further details shall be explained here
since these details are known to the skilled person.

[0031] Still further, in an embodiment said first encoding
unit is adapted for encoding only DC components of inter- or
intra-blocks of at least the chrominance components, in par-
ticular only the chrominance components, of said selected
region of interest. This further contributes to a reduction of
the amount data for the encoded region of interest, in particu-
lar if only DC components of inter- or intra-blocks of the
chrominance components are encoded. The PPG relevant
information is generally carried by all pixels, but there is
generally not much interest in the spatial information.
Instead, only as many pixels are needed to take an average in
order to improve the signal-to-noise-ratio of the desired PPG
signal, e.g. heartbeat, in the individual pixels. The PPG rel-
evant information/the PPG signal is usually smaller even than
the quantization steps of an uncompressed 8 bit video signal.
This average can be based on the DC component, and there is
no absolute need to know the individual pixel values,
although it could help in blocks that contain skin and some
other image parts (e.g. at the boundary of a face).

[0032] Still further, in an embodiment the selection unit is
adapted for selecting two or more regions of interest in the
input video data providing strong PPG signals, in particular
the strongest PPG signals, and the first encoding unit is
adapted for encoding the selected regions of interest. Thus,
not only a single region of interest but several regions of
interest are available for evaluation and retrieval of PPG sig-
nals during decoding which increases the reliability. For
instance, in an embodiment PPG signals may be retrieved
from each of said regions of interest and thereafter an evalu-
ation which of the PPG signal has the highest reliability or an
averaging of all PPG signals may be carried out.

[0033] In an embodiment a ROI information may be gen-
erated, in particular by the selection unit, which ROI infor-
mation comprises an information about the location of the
region(s) of interest and which may be included into the
encoder output video data. The decoding device may then use
this ROl information to easily find the region(s) of interest for
decoding and extracting the PPG signal there from.

[0034] During decoding, the video decoding device is at
least able to decode the encoded region of interest from the
decoder input video data and to extract a PPG signal from the
decoded region of interest. The PPG extraction uses, for this
purpose, generally known methods as, for instance, described
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in the above-mentioned paper about PPG or as described in
other citations describing the basics of PPG. In further
embodiment, however, the decoding unit may also be adapted
to decode the complete video data, in particular according to
a decoding scheme complementary to the encoding scheme
used during encoding. The encoding performed in the video
encoding device must thus be adapted to ensure this.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0036] FIG. 1 shows a schematic block diagram of a first
embodiment of a video encoding device according to the
present invention,

[0037] FIG. 2 shows a schematic block diagram of a first
embodiment of a video decoding device according to the
present invention,

[0038] FIG. 3 shows a schematic block diagram of a second
embodiment of a video encoding device according to the
present invention,

[0039] FIG. 4 shows a schematic block diagram of a third
embodiment of a video encoding device according to the
present invention,

[0040] FIG. 5 shows a schematic block diagram ofa second
embodiment of a video decoding device according to the
present invention,

[0041] FIG. 6 shows a schematic block diagram of a third
embodiment of a video decoding device according to the
present invention, and

[0042] FIG. 7 shows a schematic block diagram of a fourth
embodiment of a video encoding device according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0043] FIG. 1 shows a schematic block diagram of a first
general embodiment of a video encoding device 10 according
to the present invention. According to this embodiment an
original video stream 100, also called input video data, is
provided to a selection unit 20 which selects a region of
interest 101 in the input video data 100 providing a strong
PPG signal. The selected region of interest 101 is provided to
a first encoding unit 30 for encoding said selected region of
interest 101 according to a predetermined encoding scheme
with a first setting of the encoding to preserve PPG-relevant
information in the encoded region of interest 102. In parallel
the remaining parts 103 of said input video data 100 are
encoded by a second encoding unit 40 according to said
predetermined encoding scheme with a second setting of the
encoding. In an encoder combination unit 50 the encoded
region of interest 102 and the encoded remaining parts 104 of
said input video data 100 are encoded into an encoder output
video stream 105.

[0044] By using said first setting for the encoding of the
selected region of interest 101 it is substantially ensured that
the selected region of interest 101 is encoded substantially
without losses, at least with respect to the PPG-relevant infor-
mation included in the selected region of interest 101 so that
a strong PPG signal can be extracted from the selected region
of interest 101 in the decoding device. The remaining parts
103 of the input video data 100 are encoded separately with a
second setting of the encoding, for instance at a low bit rate
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(or at least a bit rate which may be optimal for perception but
not sufficient for PPG-extraction).

[0045] FIG. 2 shows a schematic block diagram of a first
general embodiment of a video decoding device 60 according
to the present invention. According to this embodiment a
received encoded video stream 160 is decoded. Said encoded
video stream 160 which apart from disturbances introduced
during storage and/or transmission should correspond to the
encoder output video stream 105 and comprises the encoded
video data including the encoded region of interest 161 and
the encoded remaining parts 162 of the input video data 100.
[0046] The video decoding device 60 comprises a first
decoding unit 70 for decoding the encoded region of interest
161 according a decoding scheme complementary to the
encoding scheme that has been used for encoding said region
of interest 101 in the video encoding device 10 and a PPG
extraction unit 80 for extracting a PPG signal 164 from said
decoded region of interest 163. To define such a region of
interest, the coordinates of the region of interest are prefer-
ably obtained from a corresponding ROI information, e.g. by
reading a ROI information included in the video decoder
input stream 160 or by image analysis (e.g. by a check of the
quantization level by which the encoded region of interest can
be distinguished from the encoded remaining regions).
[0047] Optionally, a separation unit 90 may be provided for
separating the encoded region of interest 161 and the encoded
remaining parts 162 or at least for retrieving the encoded
region of interest 161 from the decoder input video data 160.
Further, optionally a second decoding unit 75 may be pro-
vided for decoding the encoded remaining parts 162 of said
input video data according said decoding scheme and a
decoder combination unit 95 may then be provided for com-
bining the decoded region of interest 163 and the decoded
remaining parts 165 into a decoder output video stream 166.
[0048] FIG. 6 shows a schematic block diagram of a sec-
ond, more simple embodiment ofa video decoding device 60"
according to the present invention. According to this embodi-
ment the input video stream 160 is not split as in the embodi-
ment shown in FIG. 2. First, in a common decoding unit 71
the input video stream 160 is decoded. Then, in the decoded
video stream 167 the region of interest 168 is selected in a
selection unit 72, from which a PPG signal 164 is extracted by
the PPG extraction unit 80.

[0049] FIG. 3 shows a schematic block diagram ofa second
more detailed embodiment of a video encoding device 10'
according to the present invention, which comprises a pre-
ferred embodiment of the selection unit 20'. In particular, the
selection unit 20' comprises an area selection unit 21 for
selecting an area 123, in particular a skin area, in the input
video data 100 as region of interest, wherein said video data
comprises a sequence of video frames, said frames being
divided into spatial blocks. Further, the selection unit 20’
comprises a block selection unit 24 for determining the spa-
tial blocks 101 for said selected area 123, which determined
spatial blocks 101 represent the region of interest.

[0050] Ina further refinement, as shown in FIG. 3, the area
selection unit 21 comprises a detection unit 22 for detecting a
set 122 of potentially usable areas, in particular skin areas, in
the input video data 100 that could be used as region of
interest, and an analysis unit 23 for analyzing said set 122 of
detected potentially usable areas and selecting an area 123 as
region of interest based on one or more predetermined selec-
tion criteria. From said selected region of interest the corre-
sponding spatial blocks 101 are then determined in the block
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selection unit 24, which are subsequently encoded by the first
encoding unit 30" as described above.

[0051] The detection of potentially usable areas is prefer-
ably adapted for detecting face or skin areas, in particular by
an available method for skin detection. Depending on a par-
ticular video content, the detected skin areas might occupy
either small portions of a video frame, or an entire video
frame. In the second case, an encoding of the entire detected
skin area, e.g. using intra-block coding, will cause a signifi-
cant reduction in the compression efficiency.

[0052] Moreover, generally not the entire skin area could be
useful for the extraction of a PPG signal. For example, only a
small part of a skin area is temporally stable over a certain
period of time. Therefore, only this part of a skin area should
be used for PPG signal extraction. Hence, the analysis unit 23
analyses all the skin areas detected in video frames by the
detection unit 22 and selects only the part(s), which is (are)
optimal based one or more of several criteria, including spa-
tial size, temporal stability, illumination stability and/or color
stability.

[0053] Thus, the analysis unit 23 preferably searches for the
most stable face and/or skin region since such stable regions
are generally supposed to provide the strongest PPG signals.
The unit 23 can select a smallest ROI, which would be able to
provide a PPG signal. The expected strength of a PPG signal
can be analyzed either by analyzing a spatial pixel uniformity
inside ROI or by detecting a preferred face areas (e.g. fore-
head, cheeks). The output of analysis unit 23 is an information
about the location of the region of interest, e.g. in the form of
a ROI information, which is provided to the block selection
unit 24 for selecting the spatial blocks in the input video data
100 belonging to the selected region of interest.

[0054] This is particularly required if the video frames of
the input video data 100 are divided into spatial blocks (hav-
ing a size from e.g. 4x4 to 16x16 pixels depending on the
respective compression scheme). Coordinates 123 of the opti-
mal skin area are then provided by the analysis unit 23 to the
block selection unit 124, which selects blocks 101 with the
optimal skin areas, i.e. the blocks representing the selected
region(s) of interest. In case several regions of interest are
used this provides the option during PPG signal extraction to
improve the ability to select the best PPG signal or for aver-
aging PPG signals obtained from different regions.

[0055] The compression of the selected skin areas is done
in a way which will guarantee a preservation of PPG-relevant
information after encoding and (later) after decoding/decom-
pression. The PPG signal 165 (see FIG. 2) is extracted mostly
from chrominance channels of a video stream. Therefore, in
order to preserve PPG-relevant information those blocks 101
will be encoded by the first encoding unit 30" as intra-blocks
in an embodiment. The other frame blocks 103, 1.e. the blocks
of the remaining parts are encoded in the second encoding
unit 40", e.g. by a standard coder either as inter-blocks or as
intra-blocks, depending on settings and type of the second
encoding unit 40'. Video coding standards allow selection of
intra- or inter-coding mode on a block basis. Therefore, the
proposed algorithm will allow the creation of a standard-
compliant coded bit-stream 105 with preserved PPG-relevant
information.

[0056] The analysis unit 23 and the block selection unit 24
will find the optimal trade-off between the size of a skin area
required for the reliable PPG signal extraction and a loss of a
compression ratio due to allocation of a large bit-budget for
intra-coding of skin areas. In another embodiment, the analy-
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sis unit 23 might (not mandatory) comprise a PPG signal
extraction 25 and possibly a PPG signal metric to guide the
selection of skin areas.

[0057] To extract a PPG signal temporal chrominance
information is generally required without errors, which can
be achieved by encoding chrominance blocks with higher
bit-rate, as is provided in still another embodiment. In par-
ticular, in still another embodiment of the video encoding
device 10" as shown in FIG. 4 the first encoding unit 30" is
adapted for encoding at least (preferably only) the chromi-
nance components 101a of said selected region of interest
101, while the second encoding unit 40" is adapted for encod-
ing the luminance components 1015 of said selected region of
interest 101 and for encoding the chrominance components
and the luminance components of the remaining parts 103 of
said input video data 100.

[0058] In principle, inter-block encoding can be used for
chrominance coding of the selected blocks, as long as DC
components are compressed without loss of information
(loss-less), and quantization of AC components introduce
artifacts. Luminance blocks can be encoded with loss of
information, because their contribution to the PPG extraction
process is less significant than the contribution of chromi-
nance components.

[0059] According to still another embodiment either only
the chrominance components of the selected region of inter-
est are encoded as intra-blocks, or both the chrominance and
luminance components associated the selected region of
interest are encoded as intra-blocks. In this embodiment, in
case a selected skin area (i.e. the region of interest) is not
moving, extra bits would be unnecessary spent on encoding of
blocks as intra-blocks. However, if a selected skin area is
moving, artifacts will not be introduced so that this embodi-
ment will be more efficient.

[0060] The proposed decoding process allows not only the
reconstruction of a video stream, e.g. according to a video
coding standard, but also the extraction of a PPG signal from
a partly decoded video stream, in particular from the decoded
region of interest.

[0061] FIG.5shows a second more detailed embodiment of
a video decoding device 60' according to the present inven-
tion, which substantially corresponds to the complementary
video encoding device 10' shown in FIG. 3. In this embodi-
ment the decoder input video data 160 are both provided to
the first decoding unit 70 and the second decoding unit 75'.
While the first decoding unit 70 is substantially 1dentical to
the first decoding unit 70 explained above and outputs the
decoded region of interest 163, the second decoding unit 75'
does not only decode remaining areas but decodes the com-
plete decoder input video data 160 and output the complete
decoder output video data 166, i.e. all video data are (e.g.
conventionally) decoded therein.

[0062] Thus, first the standard procedure to decode the
input bit stream is applied up to the level of encoded blocks
extraction. After that, either the entire bit stream and/or the
intra-coded blocks are further decoded. Those intra-coded
blocks correspond to optimal skin areas selected at the
encoder side.

[0063] To obtain the PPG signal 164 the PPG signal extrac-
tion unit 80' comprises a block extraction unit 81 for extract-
ing from the decoded region of interest 163 the blocks of the
region of interest which have been encoded by the first encod-
ing unit 30' of the video encoding device 10'.

Nov. 7, 2013

[0064] Subsequently, by use of a block information 181
provided by the block extraction unit a reconstruction unit 82
reconstructs the region of interest, e.g. one or more skin areas,
from the decoded intra-blocks of the region of interest. For
instance, if in the first decoding unit 70 at least (preferably
only) the chrominance components of the region of interest
are decoded, the chrominance components of the region of
interest are reconstructed in the reconstruction unit 82.
[0065] Subsequently, in a PPG signal extraction unit 83 the
PPG signal extraction algorithm is applied to the recon-
structed region of interest 182, e.g. to the chrominance com-
ponents only if only chrominance components are encoded
without loss of PPG-relevant information, to finally obtain
the desired PPG signal 164.

[0066] In another embodiment of the video decoding
device the PPG signal 164 can be extracted from either
chrominance, luminance or both channels, if both the chromi-
nance and luminance components have been encoded, e.g. as
intra-blocks, by the video encoding device. Thus, the selec-
tion of the optimal embodiment of video encoding device and
the video decoding device can be done based on the approach
used for the reconstruction of the PPG signal.

[0067] As mentioned, the PPG signal extraction unit 83
detects and extracts the PPG signal 164 from the recon-
structed region of interest, e.g. the reconstructed skin area. In
principle, only the reconstructed region of interest is used for
the extraction of the PPG signal. Therefore, it is not manda-
tory to decode a video sequence at a full original resolution,
but generally only decoding of the region of interest (e.g. of
the intra-blocks) is sufficient to obtain the PPG signal. Thus a
computational power otherwise required by motion compen-
sation and reconstruction of all inter-blocks can be saved if
only the extraction of the PPG signal is desired but no fully
decoded video data.

[0068] The particular method and the parameters used for
the extraction of the PPG signal can be defined and modified
during the decoding and extraction of the PPG signal. In other
words, the proposed video encoding device does neither limit
the choice of a PPG signal extraction method, nor the choice
of the monitored subject. Being once encoded, a video
sequence can be processed by different PPG extraction meth-
ods during or after decoding, and different vital signs can be
extracted (e.g. heart rate, heart rate variability, SpO2, respi-
ration, PPG imaging, etc). The proposed PPG-friendly video
decoding device can be upgraded by new PPG extraction
algorithms, which would allow better extraction of PPG sig-
nals from already encoded video sequences.

[0069] The same encoded video sequence can be decoded
also by a standard video decoding device, without embedded
algorithms for extraction of PPG signals, thus preserving
backward compatibility with existing video decoding
devices.

[0070] In case a standard codec used in the proposed
scheme contains an in-loop deblocking filter to reduce coding
artifacts, such de-blocking filter should be switched off for at
least the chrominance components of blocks associated with
the selected region of interest. Otherwise, the in-loop de-
blocking filter might suppress a visual information that is
essential for the extraction of PPG signals.

[0071] The PPG extraction algorithm can be either real-
time or non real-time with manual tuning of parameters.
Moreover, the present invention generally allows selection of
any particular method of biometrical signal extraction after
the video data have been recorded, depending on the particu-
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lar application. Thus, the same video can be used for extrac-
tion of different biometrical signals (e.g. heart rate, heart rate
variability, SpO2, respiration, PPG imaging).

[0072] Still another embodiment of a video encoding
device 10™ according to the present invention is schemati-
cally depicted in FIG. 7. This embodiment is quite similar to
the embodiment of the video encoding device 10 shown in
FIG. 1, but in addition a decoding unit 35 and a PPG signal
extraction unit 36 are provided in a feedback loop formed
with the first encoding unit 30™. This feedback loop controls
the number of bits allocated to the selected region of interest
101, i.e. controls the setting of the encoding used for encoding
said selected region of interest 101 to make sure that the
PPG-relevant information is preserved in the encoded region
of interest 102.

[0073] Thus, the decoding unit 35 decodes the encoded
region of interest 102 (applying a decoding scheme that is
complementary to the first encoding scheme applied by the
first encoding unit 30") and the PPG signal extraction unit 36
extracts a PPG signal 107 from the decoded region of interest
106. The first encoding unit 30" can then decide if the PPG
signal has sufficient quality or if the setting used for encoding
needs to be changed (e.g. if more bits need to be assigned for
the encoded region of interest, and/or if the compression rate
needs to be lowered) to increase the quality of the extracted
PPG signal. Thus, it can be ensured that in a decoding device
a PPG signal can be extracted with sufficient quality.

[0074] Thus, the present invention modifies the known con-
cept of SNR or quality scalability during video compression
for the purpose of enabling vital signs extraction. The present
invention can be used for video streaming as well as for
storage of compressed video material. Normally, only bit
stream comprising the encoded video data will be transferred
or decompressed to obtain a video data at a basic quality in
which all video data are identically encoded, i.e. with asingle
encoding scheme and identical encoding parameter settings.
According to the present invention additional data are
included in the encoded bit stream preserving PPG essential
information, which will be transferred or decompressed only
if biometrical signals should be extracted. In this way, the
optimal trade-off between a compression efficiency and pres-
ervation of biometrical information in the compressed video
can be achieved.

[0075] In summary, the proposed invention allows extrac-
tion of the PPG signal after video (de-)compression. The
complexity and accuracy of PPG extraction algorithms can be
selected based on the concrete application. For instance,
some applications may require extraction of only heart rate
information, while others may require beat-to-beat precise
heartbeat signal, or/and respiration, or/and SpO2 (oxygen-
ation). Moreover, the present invention allows an off-line
(non-real-time) extraction of PPG signals from a compressed
video, with the possibility to manually select and tune optimal
parameters.

[0076] Generally, the invention is not restricted to particu-
lar encoding/decoding schemes. Generally, the first encoding
used for encoding one or more selected regions of interest is
less lossy than the second encoding used for encoding the
remaining data. In particular embodiments the PPG-relevant
visual information is encoded using intra-block and/or inter-
block coding while other visual information, which is non-
essential for biometrical signal extraction, is encoded using
inter-frame coding. Thus, a fast and low-cost extraction of

Nov. 7, 2013

PPG information during video decoding from intra-frame
encoded blocks is achieved without a need to decode com-
plete video frames.

[0077] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0078] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0079] A computer program may be stored/distributed on a
suitable non-transitory medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0080] Any reference signs in the claims should not be
construed as limiting the scope.

1.Video encoding device for encoding input video data, the

video encoding device comprising:

a selection unit for selecting in the input video data one or
more regions of interest that can be used to provide a
strong PPG signal,

a first encoding unit for encoding said one or more regions
of interest of said input video data according to a prede-
termined encoding scheme with a first setting of the
encoding to preserve PPG-relevant information in the
encoded one or more regions of interest,

a second encoding unit for encoding remaining parts of
said input video data according to said predetermined
encoding scheme with a second setting of the encoding,
and

an encoder combination unit for combining the encoded
one or more regions of interest and the encoded remain-
ing parts of said input video data into an encoder output
video stream.

2. Video encoding device as claimed in claim 1,

wherein said selection unit comprises

an area selection unit for selecting one or more areas, in
particular skin areas, in the input video data as one or
more regions of interest, wherein said video data com-
prises a sequence of video frames, said frames being
divided into spatial blocks, and

a block selection unit for determining the spatial blocks for
said selected one or more areas, which determined spa-
tial blocks represent the one or more regions of interest.

3. Video encoding device as claimed in claim 2,

wherein said area selection unit comprises

a detection unit for detecting a set of potentially usable
areas, in particular skin areas, in the input video data that
could be used as region of interest, and

an analysis unit for analyzing said set of detected poten-
tially usable areas and selecting one or more areas as one
or more regions of interest based on one or more prede-
termined selection criteria.
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4. Video encoding device as claimed in claim 3,

wherein said analysis unit is adapted for using as selection
criteria the spatial size, temporal stability, illumination
stability and/or color stability.

5. Video encoding device as claimed in claim 3,

wherein said analysis unit comprises a PPG extraction unit
for extracting a PPG signal from said detected poten-
tially usable areas and for selecting one or more areas as
one or more regions of interest based on the quality
and/or content of the extracted PPG signals.

6. Video encoding device as claimed in claim 5,

wherein said PPG extraction unit is adapted for determin-
ing one or more parameters of the first settings for the
encoding for use by the first encoding unit for encoding
said one or more regions of interest based on the
extracted PPG sigpals, and

wherein said first encoding unit is adapted for using said
one or more parameters of the first setting for the encod-
ing of said one or more regions of interest.

7. Video encoding device as claimed in claim 1,

wherein said first encoding unit is adapted for encoding at
least the chrominance components, in particular only the
chrominance components, of said one or more regions of
interest and

wherein said second encoding unit is adapted for encoding
the luminance components of said one or more regions
of interest and for encoding the chrominance compo-
nents and the luminance components of the remaining
parts of said input video data.

8. Video encoding device as claimed in claim 1,

wherein said first encoding unit is adapted for encoding
said one or more regions of interest by intra-block cod-
ing and

wherein said second encoding unit is adapted for encoding
remaining parts of said input video data by inter-block
coding and/or intra-block coding.

9. Video encoding device as claimed in claim 1,

wherein said first encoding unit is adapted for encoding
only DC components of inter- or intra-blocks of at least
the chrominance components, in particular only the
chrominance components, of said one or more regions of
interest.

10. Video encoding method for encoding input video data,

the video encoding method comprising the steps of:

selecting in input video data one or more regions of interest
that can be used to provide a strong PPG signal,

encoding said one or more regions of interest of said input
video data according to a predetermined encoding
scheme with a first setting of the encoding to preserve
PPG-relevant information in the encoded one or more
regions of interest,

encoding remaining parts of said input video data accord-
ing to said predetermined encoding scheme with a sec-
ond setting of the encoding, and
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combining the encoded one or more regions of interest and
the encoded remaining parts of said input video data into
an encoder output video stream.

11. Video decoding device as claimed in claimed 1 for
decoding an encoded video stream, said encoded video
stream comprising encoded video data, wherein one or more
regions of interest of input video data have been encoded
according to a predetermined encoding scheme with a first
setting of the encoding to preserve PPG-relevant information
in the encoded one or more regions of interest, and remaining
parts of said input video data have been encoded according to
said predetermined encoding scheme with a second setting of
the encoding, said video decoding device comprising:

a first decoding unit for decoding the encoded one or more
regions of interest according a decoding scheme
complementary to the encoding scheme that has been
used for encoding said one or more regions of interest,
and

a PPG extraction unit for extracting a PPG signal from said
one or more decoded regions of interest.

12. Video decoding device as claimed in claim 11, further

comprising

a second decoding unit for decoding the encoded remain-
ing parts of said input video data according said decod-
ing scheme and

a decoder combination unit for combining the decoded one
or more regions of interest and the decoded remaining
parts into a decoder output video stream.

13. Video decoding method for decoding an encoded video
stream, said encoded video stream comprising encoded video
data, wherein one or more regions of interest of input video
data have been encoded according to a predetermined encod-
ing scheme with a first setting of the encoding to preserve
PPG-relevant information in the encoded one or more regions
of interest and remaining parts of said input video data have
been encoded according to said predetermined encoding
scheme with a second setting of the encoding, said video
decoding method comprising the steps of:

decoding the one or more encoded regions of interest
according a decoding scheme complementary to the
encoding scheme that has been used for encoding said
one or more regions of interest, and

extracting a PPG signal from said one or more decoded
regions of interest.

14.Video coding system for encoding and decoding video
data, comprising:

a video encoding device for encoding input video data, and

a video decoding device for decoding encoded video data
encoded by said video encoding device.

15. Computer program comprising program code means
for causing a computer to carry out the steps of the method as
claimed in claim 10 when said computer program is carried
out on the computer.
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