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(54) Video coding and decoding devices and methods preserving PPG relevant information

(57)  The present invention relates to a video encod-
ing device (10, 10’, 10") and method for encoding video
data and to a corresponding video decoding device (60,
60’) and method. To preserve PPG relevant information
after encoding without requiring a large amount of addi-
tional data for the video encoder output stream, the pro-
posed video encoding device comprises a selection unit
(20, 20’) for selecting in input video data (100) skin areas
as one or more regions of interest (101), that can be used
to provide a strong PPG signal, based on one or more
predetermined selection criteria including the spatial
size, temporal stability, illumination stability and/or color
stability or based on the quality and/or content of PPG
signals extracted from skin areas potentially usable as
region of interest,, a first encoding unit (30,30’) for en-
coding said one or more regions of interest (101) of said
input video data (100) according to a predetermined en-
coding scheme with a first setting of the encoding to pre-
serve PPG-relevant information in the encoded one or
more regions of interest, wherein said first encoding unit
(30) is adapted for encoding only the chrominance com-
ponents (101a) of said one or more regions of interest
(101) or for encoding said one or more regions of interest
(101) by intra-block coding,, a second encoding unit (40,
40’) for encoding remaining parts (103) of said input video
data (100) according to said predetermined encoding
scheme with a second setting of the encoding, and an

encoder combination unit (50) for combining the encoded
one or more regions of interest (102) and the encoded
remaining parts (104) of said input video data into an
encoder output video stream (105).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a video encod-
ing device and a corresponding video encoding method
for encoding video data, by which PPG (photo plethys-
mographic imaging) relevant information is preserved.
[0002] Further, the presentinvention 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 anincreasing demand to provide tech-
nological solutions for a robust continuous monitoring of
biometrical signals of people. This demand is a result of
growing awareness of the importance of a healthy and
active lifestyle among the younger generations. Moreo-
ver, the constantly ageing population as a result of in-
creased life expectancy puts extra pressure on the ne-
cessity of health monitoring systems with minimal inter-
ference to a person’s daily life activity. Unobtrusive mon-
itoring of biometrical signals could be used to provide a
virtually immediate feedback on the body and mind con-
dition at any time, and evaluate changes in the health
status of people as soon as possible.

[0005] Conventional devices and methods of measur-
ing biometrical signals (e.g. heart rate, respiratory rate,
blood pressure, skin oxygenation, etc) require the user
to wear annoying body sensors, which might be experi-
enced as obtrusive to a normal human life activity. There-
fore, attempts are seen in recent years to develop con-
tactless techniques for remote monitoring of vital body
signals. The latest developments show the implementa-
tion of unobtrusive remote monitoring by means of im-
aging sensors as designed for consumer (webcam) or
broadcast video.

[0006] A method to measure skin color variations,
called Photo-Plethysmographic imaging (PPG), is de-
scribed in Wim Verkruysse, Lars O. Svaasand, and J.
StuartNelson, "Remote plethysmographic imaging using
ambient light", Optics Express, Vol. 16, No. 26, Decem-
ber 2008. It is based on the principle that temporal vari-
ations in blood volume in the skin lead to variations in
light absorptions by the skin. Such variations can be reg-
istered by a video camera that takes images of a skin
area, e.g. the face, while processing calculates the pixel
average over a manually selected region (typically part
of the cheek in this system). By looking at periodic vari-
ations 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 anal-
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ysis of uncompressed, un-processed video sequences
directly after image sensing. In most "real-life" applica-
tions video sequences are stored or transmitted in a com-
pressed form. The compression of video signals pre-
sumes a removal of some redundant (from visual per-
ception point of view) information. Unfortunately, infor-
mation, which is notimportant for visual perception might
be crucial for detection of biometrical signals. For in-
stance, the MPEG compression standard makes use of
inter-frame predictions, which slightly changes the tem-
poral information of a video signal. Those changes make
the detection of temporal biometrical signals difficult or
even impossible. However, for many applications, ex-
traction of heart beat signal from a video should be im-
plemented after the video recording took place. In those
cases, compressed video would be processed.

[0008] The PPGrelevantinformation can be preserved
in a coded bit stream if a video is compressed at a high
bitrate. However, compression of a video with a low com-
pression ratio will increase the size of a storage file or
increase the transmission bandwidth. Therefore, there is
a need for preservation of the information required for
off-line extraction of biometrical signals during video re-
cording and compression, in particular according to one
of the conventional video coding standards.

[0009] Standard video coding techniques (like
MPEG2, MPEG4, H.264) achieve a significant compres-
sion of video information by applying a temporal predic-
tion. Most of the frames in a video sequence (types B
and P, B meaning "Bidirectionally 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 information is insig-
nificant 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, MJPEG or MJPEG2K,
based on intra-frame coding only, can be applied to com-
press a video and preserve PPG signal. However, intra-
coding of whole frames cannot provide a compression
ratio, required by most of multimedia 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] Itis anobjectof the present invention to provide
a video encoding device and a corresponding video en-
coding method for encoding video data, by which PPG
relevant information is preserved without requiring a
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large amount of additional data. It is 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 implementing said methods.
[0012] In afirst aspect of the present invention a video
encoding device as defined in claim 1 is presented for
encoding input video data.

[0013] In a further aspect of the present invention a
videodecoding device asdefined in claim 10 is presented
for decoding an encoded video stream.

[0014] Infurtheraspects of the presentinvention a cor-
responding video coding method and a corresponding
video decoding method, a video coding system and a
computer program comprising program code means for
causing a computer to carry out the steps of the proposed
method when said computer program is carried out on
the computer are presented.

[0015] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed video decoding device, video coding system,
methods and computer program have similar and/or
identical preferred embodiments as the claimed video
coding device and as defined in the dependent claims.
[0016] The presentinvention is based on the idea, for
the preservation of PPG-relevant information in the en-
coded video signal, to encode one or more regions of
interest containing one or more areas 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 of the video data from
which no PPG signal shall (or even can) be extracted. In
particular, local coding parameters (in general, a partic-
ular setting of the encoder) are set for encoding the one
or more regions of interest, and a bit-budget maybe al-
located 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.

[0017] Biometrical signals can be detected using Pho-
to-Plethysmography (PPG) principles from video se-
quences, 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 presentinvention achieves to pre-
serve PPG visual information for the extraction of PPG
signals / biometrical signals during a video compression,
e.g. by a standard video coder, while allowing compres-
sion 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.

[0018] In this contextthe expression "PPG-relevantin-
formation" is to be understood as information that is rel-
evant for obtaining a PGG signal. Such PPG-relevant
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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 PhotoPlethys-
moGraphy analysis, such as temporal biometrical sig-
nals, e.g. the heartbeat, cardiac cycle, SpO2, respiratory
rate, depth of anesthesia or hypo- and hypervolemia.
[0019] Ina preferred embodimentthe encoding device
further 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 deter-
mined spatial blocks represent 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 em-
bodiment the optimal spatial blocks are found which shall
be encoded with the first encoding unit.

[0020] According to a further embodiment 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 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, preferably 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
PaulViola, Michael Jones, "Robust Real-time Object De-
tection", 2nd Intern. Workshop on Statistical and Com-
putational Theories of Vision, Vancouver, Canada, 2001.
[0021] In another embodiment said analysis unit com-
prises a PPG extraction unit for extracting a PPG signal
from said detected potentially usable areas and for se-
lecting one or more areas as regions of interest based
on the quality and/or content of the extracted PPG sig-
nals. 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 one or more
regions of interest accordingly.

[0022] Preferably, said PPG extraction unit is adapted
for determining one or more parameters of the first set-
tings for the encoding for use by the first encoding unit
for encoding said one or more regions 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 one or more regions
of interest. Thus, the result of the PPG extraction will be
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used to control the encoding process of the selected one
or more regions of interest to use the optimal encoder
setting to achieve that the best possible PPG signal can
be extracted from the encoded one or more regions of
interest in the decoder. Those parameters of the first set-
tings 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 coefficients used, quan-
tizer scale, intra DC precision, customized quantizer ma-
trix, etc.

[0023] In an embodiment said first encoding unit is
adapted for encoding at least the chrominance compo-
nents, in particular only the chrominance components,
of said one or more regions of interest and said second
encoding unit is adapted for encoding the luminance
components of said one or more regions of interest and
for encoding the chrominance components and the lumi-
nance components of the remaining parts of said input
video data. This contributes to a reduction of the amount
of data for the encoded one or more regions of interest
video data. Preferably, but not generally, only chromi-
nance components are selected and encoded.

[0024] According to another embodiment said first en-
coding unit is adapted for encoding said one or more
regions of interest 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 one or more regions of interest are
encoded substantially without losses. Intra-block coding
and inter-block coding are generally known techniques
and areoften, e.g. in MPEG encoders, used for encoding.
Hence, no further details shall be explained here since
these details are known to the skilled person.

[0025] Still further, in an embodiment said first encod-
ing unit is adapted for encoding only DC components of
inter- or intra-blocks of at least the chrominance compo-
nents, in particular only the chrominance components,
of said one or more regions of interest. This further con-
tributes to a reduction of the amount data for the encoded
one or more regions of interest, in particular 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
relevant 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. atthe
boundary of a face).

[0026] 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 encod-
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ing 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 signals during decoding which in-
creases the reliability. For instance, in an embodiment
PPG signals may be retrieved from each of said regions
of interest and thereafter an evaluation which of the PPG
signal has the highest reliability or an averaging of all
PPG signals may be carried out.

[0027] In an embodiment a ROI information may be
generated, in particular by the selection unit, which ROI
information 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 ROI information to easily find the re-
gion(s) of interest for decoding and extracting the PPG
signal there from.

[0028] 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 ex-
traction uses, for this purpose, generally known methods
as, for instance, described 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 com-
plete 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

[0029] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a schematic block diagram of a first
embodiment of a video encoding device according
to the present invention,

Fig. 2 shows a schematic block diagram of a first
embodiment of a video decoding device according
to the present invention,

Fig. 3 shows a schematic block diagram of a second
embodiment of a video encoding device according
to the present invention,

Fig. 4 shows a schematic block diagram of a third
embodiment of a video encoding device according
to the present invention,

Fig. 5 shows a schematic block diagram of a second
embodiment of a video decoding device according
to the present invention,

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

Fig. 7 shows a schematic block diagram of a fourth
embodiment of a video encoding device according
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to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0030] 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 em-
bodiment an original video stream 100, also called input
videodata, is provided to aselection unit20 which selects
a region of interest 101 in the input video data 100 pro-
viding a strong PPG signal. The selected region of inter-
est 101 is provided to a first encoding unit 30 for encoding
said selected region of interest 101 according to a pre-
determined encoding scheme with a first setting of the
encoding to preserve PPG-relevantinformationinthe en-
coded region of interest 102. In parallel the remaining
parts 103 of said input video data 100 are encoded by a
second encoding unit40according 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.

[0031] By using said first setting for the encoding of
the selected region of interest 101 it is substantially en-
sured that the selected region of interest 101 is encoded
substantially without losses, at least with respect to the
PPG-relevant information included in the selected region
of interest 101 so that a strong PPG signal can be ex-
tracted 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 (or
at least a bit rate which may be optimal for perception
but not sufficient for PPG-extraction).

[0032] 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 em-
bodiment a received encoded video stream 160 is de-
coded. 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 en-
coded remaining parts 162 of the input video data 100.
[0033] The video decoding device 60 comprises a first
decoding unit 70 for decoding the encoded region of in-
terest 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 preferably obtained from a corre-
sponding ROl information, e.g. by reading a RO infor-
mation 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 dis-
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tinguished from the encoded remaining regions).
[0034] Optionally, a separation unit 90 may be provid-
ed 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 provided for decoding the encoded re-
maining parts 162 of said input video data according said
decoding scheme and a decoder combination unit 95
may then be provided for combining the decoded region
of interest 163 and the decoded remaining parts 165 into
a decoder output video stream 166.

[0035] Fig. 6 shows a schematic block diagram of a
second, more simple embodiment of a video decoding
device 60" according to the present invention. According
to this embodiment the input video stream 160 is not split
as in the embodiment 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 in-
terest 168 is selected in a selection unit 72, from which
a PPG signal 164 is extracted by the PPG extraction unit
80.

[0036] Fig. 3 shows a schematic block diagram of a
second more detailed embodiment of a video encoding
device 10" according to the presentinvention, which com-
prises a preferred 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 in-
terest, 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 spatial blocks 101
for said selected area 123, which determined spatial
blocks 101 represent the region of interest.

[0037] In a 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 partic-
ular 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 ar-
eas and selecting an area 123 as region of interest based
on one or more predetermined selection criteria. From
said selected region of interest the corresponding spatial
blocks 101 are then determined in the block selection
unit 24, which are subsequently encoded by the first en-
coding unit 30" as described above.

[0038] Thedetection of potentially usable areas is pref-
erably adapted for detecting face or skin areas, in par-
ticular by an available method for skin detection. Depend-
ing on a particular 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 significant reduction in the compres-
sion efficiency.

[0039] Moreover, generally not the entire skin area
could be useful for the extraction of a PPG signal. For
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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 extrac-
tion. 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 spatial size, tem-
poral stability, illumination stability and/or color stability.
[0040] 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
region of interest, 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 region of interest or by detecting a preferred face
areas (e.g. forehead, 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 ROl 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.

[0041] This is particularly required if the video frames
of the input video data 100 are divided into spatial blocks
(having a size from e.g. 4x4 to 16x16 pixels depending
on the respective compression scheme). Coordinates
123 of the optimal 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 averaging PPG
signals obtained from different regions.

[0042] 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/decompression. The PPG signal 165 (see Fig.
2) is extracted mostly from chrominance channels of a
video stream. Therefore, in order to preserve PPG-rele-
vant information those blocks 101 will be encoded by the
first encoding unit 30" as intra-blocks in an embodiment.
The other frame blocks 103, i.e. the blocks of the remain-
ing 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 unit40’. Video coding standards allow selection
of intra- orinter-coding mode on a block basis. Therefore,
the proposed algorithm will allow the creation of a stand-
ard-compliant coded bit-stream 105 with preserved PPG-
relevant information.

[0043] The analysis unit23 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 analysis unit 23 might (not mandatory)
comprise a PPG signal extraction 25 and possibly a PPG

10

15

20

25

30

35

40

45

50

55

signal metric to guide the selection of skin areas.
[0044] 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 particular, in still another embodiment of the video en-
coding device 10" as shown in Fig. 4 the first encoding
unit 30" is adapted for encoding at least (preferably only)
the chrominance components 101a of said selected re-
gion of interest 101, while the second encoding unit 40" is
adapted for encoding the luminance components 101b
of said selected region of interest 101 and for encoding
the chrominance components and the luminance com-
ponents of the remaining parts 103 of said input video
data 100.

[0045] 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 in-
formation (lossless), 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 con-
tribution of chrominance components.

[0046] Accordingtostillanother embodimenteither on-
ly the chrominance components of the selected region
of interest 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 un-
necessary spent on encoding of blocks as intra-blocks.
However, if a selected skin area is moving, artifacts will
not be introduced so that this embodiment will be more
efficient.

[0047] The proposed decoding process allows notonly
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.

[0048] Fig. 5 shows a second more detailed embodi-
ment of a video decoding device 60’ according to the
presentinvention, which substantially corresponds to the
complementary video encoding device 10’ shown in Fig.
3. In this embodiment 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 identical to the first decoding unit 70
explained above and outputs the decoded region of in-
terest 163, the second decoding unit 75" does not only
decode remaining areas but decodes the complete de-
coder input video data 160 and output the complete de-
coder output video data 166, i.e. all video data are (e.qg.
conventionally) decoded therein.

[0049] 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 se-
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lected at the encoder side.

[0050] To obtain the PPG signal 164 the PPG signal
extraction unit 80’ comprises a block extraction unit 81
for extracting from the decoded region of interest 163 the
blocks of the region of interest which have been encoded
by the first encoding unit 30’ of the video encoding device
10'.

[0051] 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 com-
ponents of the region of interest are reconstructed in the
reconstruction unit 82.

[0052] Subsequently, in a PPG signal extraction unit
83 the PPG signal extraction algorithm is applied to the
reconstructed region of interest 182, e.g. to the chromi-
nance components only if only chrominance components
are encoded without loss of PPG-relevant information,
to finally obtain the desired PPG signal 164.

[0053] 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
chrominance and luminance components have been en-
coded, e.g. asintra-blocks, by the video encoding device.
Thus, the selection 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.

[0054] As mentioned, the PPG signal extraction unit
83 detects and extracts the PPG signal 164 from the re-
constructed region of interest, e.g. the reconstructed skin
area. Inprinciple, only the reconstructed region of interest
is used for the extraction of the PPG signal. Therefore,
it is not mandatory to decode a video sequence at a full
original resolution, but generally only decoding of the re-
gion of interest (e.g. of the intra-blocks) is sufficient to
obtain the PPG signal. Thus a computational power oth-
erwise required by motion compensation and reconstruc-
tion of all inter-blocks can be saved if only the extraction
of the PPG signal is desired but no fully decoded video
data.

[0055] 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 de-
vice does neither limit the choice of a PPG signal extrac-
tion method, nor the choice of the monitored subject. Be-
ing once encoded, a video sequence can be processed
by different PPG extraction methods during or after de-
coding, and different vital signs can be extracted (e.g.
heart rate, heart rate variability, SpO2, respiration, PPG
imaging, etc). The proposed PPG-friendly video decod-
ing device can be upgraded by new PPG extraction al-
gorithms, which would allow better extraction of PPG sig-
nals from already encoded video sequences.
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[0056] The same encoded video sequence can be de-
coded also by a standard video decoding device, without
embedded algorithms for extraction of PPG signals, thus
preserving backward compatibility with existing video de-
coding devices.

[0057] 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.

[0058] The PPG extraction algorithm can be either re-
al-time or non real-time with manual tuning of parame-
ters. Moreover, the present invention generally allows
selection of any particular method of biometrical signal
extraction after the video data have been recorded, de-
pending on the particular application. Thus, the same
video can be used for extraction of different biometrical
signals (e.g. heart rate, heart rate variability, SpO2, res-
piration, PPG imaging).

[0059] Still another embodiment of a video encoding
device 10™ according to the present invention is sche-
matically 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
aPPG signal extraction unit 36 are provided in afeedback
loop formed with the first encoding unit 30"™. This feed-
back 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 infor-
mation is preserved inthe encoded region of interest 102.
[0060] Thus, the decoding unit 35 decodes the encod-
ed region of interest 102 (applying a decoding scheme
that is complementary to the first encoding scheme ap-
plied 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 qual-
ity 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 qual-
ity.

[0061] Thus, the presentinvention modifies the known
concept of SNR or quality scalability during video com-
pression 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. Nor-
mally, 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 identi-
cally encoded, i.e. with a single encoding scheme and
identical encoding parameter settings. According to the
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present invention additional data are included in the en-
coded bit stream preserving PPG essential information,
which will be transferred or decompressed only if biomet-
rical signals should be extracted. In this way, the optimal
trade-off between a compression efficiency and preser-
vation of biometrical information in the compressed video
can be achieved.

[0062] In summary, the proposed invention allows ex-
traction of the PPG signal after video (de-)compression.
The complexity and accuracy of PPG extraction algo-
rithms 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 (oxygenation). Moreover, the present in-
vention allows an off-line (non-real-time) extraction of
PPG signals from a compressed video, with the possi-
bility to manually select and tune optimal parameters.
[0063] Generally, the invention is not restricted to par-
ticular 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 embodi-
ments 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 PPG information
during video decoding from intra-frame encoded blocks
is achieved without a need to decode complete video
frames.

[0064] While the invention has beenillustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 dis-
closure, and the appended claims.

[0065] 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 re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage.

[0066] A computer program maybe stored / distributed
on a suitable non-transitory medium, such as an optical
storage medium or a solid-state medium supplied togeth-
er 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.

[0067] Anyreference signs in the claims should not be
construed as limiting the scope.
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Claims

1. Video encoding device (10, 10, 10", 10™) for encod-
ing input video data, the video encoding device com-
prising:

- a selection unit (20, 20°) for selecting in the
input video data one or more skin areas as re-
gions of interest (101), that can be used to pro-
vide a strong PPG signal, based on one or more
predetermined selection criteria including the
spatial size, temporal stability, illumination sta-
bility and/or color stability or based on the quality
and/or content of PPG signals extracted from
skin areas potentially usable as region of inter-
est,

- a first encoding unit (30,30’, 30", 30™) for en-
coding said one or more regions of interest (101)
of said input video data (100) according to a pre-
determined encoding scheme with a first setting
of the encoding to preserve PPG-relevant infor-
mation in the encoded one or more regions of
interest, wherein said first encoding unit (30) is
adapted for encoding only the chrominance
components (101a) of said one or more regions
of interest(101) or for encoding said one or more
regions of interest (101) by intra-block coding,
- a second encoding unit (40, 40, 40") for en-
coding remaining parts (103) of said input video
data (100) according to said predetermined en-
coding scheme with a second setting of the en-
coding, and

- an encoder combination unit (50) for combining
the encoded one or more regions of interest
(102) and the encoded remaining parts (104) of
said input video data into an encoder output vid-
eo stream (105).

2. Video encoding device (10°) as claimed in claim 1,
wherein said selection unit (20’) comprises

- an area selection unit (21) for selecting one or
more skin areas in the input video data (100) as
one or more regions of interest, wherein said
video data comprises a sequence of video
frames, said frames being divided into spatial
blocks, and

- a block selection unit (24) for determining the
spatial blocks (123) for said selected one or
more areas, which determined spatial blocks
represent the one or more regions of interest.

3. Video encoding device (10°) as claimed in claim 2,
wherein said area selection unit (21) comprises

- a detection unit (22) for detecting a set of po-
tentially usable areas (122), in particular skin ar-
eas, in the input video data that could be used
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as region of interest, and

- an analysis unit (23) for analyzing said set of
detected potentially usable areas (122) and se-
lecting one or more areas (123) as one or more
regions of interest based on said one or more
predetermined selection criteria.

Video encoding device (10’) as claimed in claim 3,

wherein said analysis unit (23) comprises a PPG ex-
traction unit (25) for extracting a PPG signal (180)
from said detected potentially usable areas and for
selecting one or more areas (123) as one or more
regions of interest based on the quality and/or con-
tent of the extracted PPG signals.

Video encoding device (10’) as claimed in claim 4,
wherein said PPG extraction unit (25) is adapted for
determining one or more parameters of the first set-
tings for the encoding for use by the first encoding
unit (30, 30") for encoding said one or more regions
of interest based on the extracted PPG signals, and
wherein said first encoding unit (30, 30) is adapted
for using said one or more parameters of the first
setting for the encoding of said one or more regions
of interest.

Video encoding device (10") as claimed in claim 1,
wherein said second encoding unit (40) is adapted
for encoding the luminance components (101b) of
said one or more regions of interest (101) and for
encoding the chrominance components and the lu-
minance components of the remaining parts (103)
of said input video data (100).

Video encoding device (10, 10, 10") as claimed in
claim 1,

wherein said second encoding unit (40, 40’) is adapt-
ed for encoding remaining parts (103) of said input
video data (100) by inter-block coding and/or intra-
block coding.

Video encoding device (10") as claimed in claim 1,
wherein said first encoding unit (30) is adapted for
encoding only DC components of inter- or intra-
blocks of at least the chrominance components
(101a), in particular only the chrominance compo-
nents (101 a), of said one or more regions of interest
(101).

Video encoding method for encoding input video da-
ta, the video encoding method comprising the steps
of:

- selecting in input video data (100) one or more
skin areas as regions of interest (101), that can
be used to provide a strong PPG signal, based
on one or more predetermined selection criteria
including the spatial size, temporal stability, illu-
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mination stability and/or color stability or based
on the quality and/or content of PPG signals ex-
tracted from skin areas potentially usable as re-
gion of interest,

- encoding said one or more regions of interest
(101) of said input video data (100) according
to a predetermined encoding scheme with a first
setting of the encoding to preserve PPG-rele-
vant information in the encoded one or more re-
gions of interest, wherein only the chrominance
components (101a) of said one or more regions
ofinterest(101) are encoded or said one or more
regions of interest (101) are encoded by intra-
block coding,

- encoding remaining parts (103) of said input
video data (100) according to said predeter-
mined encoding scheme with a second setting
of the encoding, and

- combining the encoded one or more regions
of interest (102) and the encoded remaining
parts (104) of said input video data into an en-
coder output video stream (105).

10. Video decoding device (60, 60, 60") for decoding an

encoded video stream, said encoded video stream
(160) comprising encoded video data, wherein one
or more skin areas as regions of interest (101) of
input video data (100) have been selected based on
one or more predetermined selection criteria includ-
ing the spatial size, temporal stability, illumination
stability and/or color stability or based on the quality
and/or content of PPG signals extracted from skin
areas potentially usable as region of interest, and
have been encoded according to a predetermined
encoding scheme with afirst setting of the encoding
to preserve PPG-relevantinformation in the encoded
one or more regions of interest (102), wherein only
the chrominance components (101a) of said one or
more regions of interest (101) have been encoded
or said one or more regions of interest (101) have
been encoded by intra-block coding, and remaining
parts (103) of said input video data (100) 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 (70) for decoding the en-
coded one or more regions of interest (161) ac-
cording 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 (80, 80’) for extracting a
PPG signal (164) from said one or more decod-
ed regions of interest (163).

11. Video decoding device (60’) as claimed in claim 10,

further comprising
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- a second decoding unit (75) for decoding the
encoded remaining parts (162) of said input vid-
eo data according said decoding scheme and
- a decoder combination unit (95) for combining
the decoded one or more regions of interest
(163) and the decoded remaining parts (165)
into a decoder output video stream (166).

Video decoding method for decoding an encoded
video stream, said encoded video stream (160) com-
prising encoded video data, wherein one or more
skin areas as regions of interest (101) of input video
data (100) have been selected based on one or more
predetermined selection criteria including the spatial
size, temporal stability, illumination stability and/or
color stability or based on the quality and/or content
of PPG signals extracted from skin areas potentially
usable as region of interest, and have been encoded
according to a predetermined encoding scheme with
a first setting of the encoding to preserve PPG-rele-
vant information in the encoded one or more regions
ofinterest(102), wherein only the chrominance com-
ponents (101a) of said one or more regions of inter-
est (101) have been encoded or said one or more
regions of interest (101) have been encoded by intra-
block coding, and remaining parts (103) of said input
video data (100) 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 (161) 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 (164) from said one or
more decoded regions of interest (163).

Video coding system for encoding and decoding vid-
eo data, comprising:

avideoencodingdevice (10,10’,10") as claimed
in claim 1 for encoding input video data, and

a video decoding device (60, 60°) as claimed in
claim 10 for decoding encoded video data en-
coded by said video encoding device.

Computer program comprising program code means
for causing a computer to carry out the steps of the
method as claimed in claim 9 or 12 when said com-
puter program is carried out on the computer.

10

15

20

25

30

35

40

45

50

55

10

18



EP 2 846 550 A1

10
20 101 30 50 s
100 | f {102 |
Sel 1.Enc —Lb 105
S’ 104 Comb SD-
24
2.Enc —S—>
103
40
FIG. 2 .
S

9 R
—S——: Sep :—5—>1.Dec Sr-— PPG S -

11



EP 2 846 550 A1

12

FIG. 3 .
o 4
I " .
1_({ x 2y | {102
- 122, —i—s* 1.Enc BN 105
I o et ) I |
:____& ___________ ::_S-' 2.Enc
25 103
40
FIG. 4 .
S
20 101 30" 50
100 ¢ S1o1a (100
—L> Sel S-— 1.Enc —5—> 105
Comb
10167 1 104
—S* 2.Enc —S—>
103



EP 2 846 550 A1

FIG. 5

lllll

60"

FIG. 6

PPG

Sel

Dec

13



EP 2 846 550 A1

FIG. 7

36
S 106
PPG 35
)
107 Dec
20 101 I 50
100 ( 30'"\ 102 S
Sel 1.Enc
5 Comb
24 1504
5-— 2.Enc -
103 )

14



10

15

20

25

30

35

40

45

50

55

EP 2 846 550 A1

D)

Europiisches
Patentamt

European

Offlce européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

Patent Office EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 18 9621

Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
Y EP 1 739 970 Al (MATSUSHITA ELECTRIC IND |1-5,7, | INV.
CO LTD [JP]) 3 January 2007 (2607-01-03) [9-14 HO4N19/172
A * paragraphs [0012] - [6035] * 6,8 HO4N19/107
* abstract * HO4N19/167
----- HO4N19/115
A US 2010/119156 Al (NOGUCHI YUKINORI [JP] [1-14 HO4N19/186
ET AL) 13 May 2010 (2010-05-13) HO4N19/30
* paragraphs [0068], [0078], [0095],
[0097], [0098], [0117] - [0169] * ADD.
* figures 11,12a * HO4N19/17
A US 2005/200757 Al (PICA ALBERTA [US] ET 1-14
AL) 15 September 2005 (2005-09-15)
* paragraphs [0020] - [0024] *
* figure 1 *
Y WIM VERKRUYSSE ET AL: "Remote 1-5,7,
plethysmographic imaging using ambient 9-14
Tight",
OPTICS EXPRESS,
vol. 16, no. 26, TECHNICAL FIELDS
22 December 2008 (2008-12-22), page 21434, SEARCHED  (PO)
XP055065281, HO4N
ISSN: 1094-4087, DOI: 10.1364/0E.16.021434
* Chapters 1-4 *
The present search report has been drawn up for all claims
Place of search Date ot completion of the search Examiner
Munich 23 January 2015 Lindgren, Johan
CATEGORY OF CITED DOCUMENTS T : theary or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technaological background e ettt
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

15




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 846 550 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 14 18 9621

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

23-01-2015
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1739970 Al 03-01-2007  NONE
US 2010119156 Al 13-05-2016  CN 101755460 A 23-06-2010
CN 102572433 A 11-07-2012
EP 2179590 Al 28-04-2010
JP 2009049979 A 05-03-2009
US 2010119156 Al 13-05-2010
US 2005200757 Al 15-09-2005 US 2005200757 Al 15-09-2005
WO 2005072337 A2 11-08-2005

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16



EP 2 846 550 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

*  WIM VERKRUYSSE ; LARS O. SVAASAND ; J. * PAULVIOLA ; MICHAEL JONES. Robust Real-time

STUART NELSON. Remote plethysmographic im- Object Detection. 2nd Intern. Workshop on Statistical
aging using ambient light. Optics Express, December and Computational Theories of Vision, Vancouver,
2008, vol. 16 (26 [0006] Canada, 2001 [0020]

17



	Bibliography
	Abstract
	Description
	Claims
	Drawings
	Search-report

