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Abstract.

In remote sensing, signals are measured over distance. One
medical example is Photoplethysmography Imaging (PPGI)
where the heart rate is extracted via camera. Saving the
videos of the camera in raw format requires lots of disk
space. Compression algorithms can reduce the video size.

This paper deals with the influence of the compression
schemes of Motion JPEG, MPEG-4 and Motion JPEG 2000
to the extracted PPGI signal. Computing the correlation be-
tween the videos and extracted signals is considered as qual-
ity criterion. Image filtering is applied after compression to
improve the video quality in respect to the PPGI signal ex-
traction. With appropriately chosen parameters, the signal
quality remains unchanged while at the same time, the file
sizes can be reduced up to a factor of three. Nevertheless,
small losses of quality can still have a big influence on ex-
tracted features of the signal, especially the signal’s shape.
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1. Introduction
In the field of remote sensing, signals are extracted

from distance. This is a desired property, especially in non-
invasive medical measurements, as no contact with the pa-
tient is needed to monitor vital signs. One example of such
a monitoring technique is Photoplethysmography Imaging
(PPGI) [1]. Here, a camera detects the small changes of the
skin’s reflectivity according to the blood in the vessels. This
effect is not visible with bare eyes but only with a camera
system. The reason for this is the intensity resolution of 2%
on a logarithmic scale for the human eye. In comparison,
cameras reach 0.1% on a linear scale [2], and thus they have
a higher resolution for small changes. In such a setup, the
camera records a video of a patient which is then either eval-
uated in real time or offline. In the case of post analysis,
videos have to be stored.

A widely used method is to record the video frames di-
rectly in the raw format, without any compression, to avoid
the loss of information [3]. Based on this approach, the
amount of data quickly reaches the order of gigabytes for a
few seconds of recording. For longer recordings, such a sys-
tem requires a lot of disk space. One way to circumvent this
is to use different video formats which consists of a partly
lossless or lossy compression algorithm. In consumer video
applications the videos are often compressed to reduce the
file sizes without any or with only a small quality loss for
human spectators. In consequence, the not perceivable in-
formation are tampered with but in medical applications the
data loss can still have some influence. In the case of video
analyzing in PPGI it will be shown here.

The remainder of this work analyzes the influence of
the named video formats in respect to the PPGI time signal
of a originally in raw format recorded video. First, the video
formats are shortly described followed by the procedure to
measure the quality. Eventually, the results are discussed
and a conclusion is given.

2. Setup of experiment
For the experiment, a short video of 150 frames at

20Hz is recorded in raw format in unsigned integers, 14-bit
value range, stored in 16 bits. The resolution is 960 × 538
pixels. A subjects face is probed in order to extract PPGI
signals. The first frame is shown in Fig. 1. A rectangle is
drawn at the position of the region of interest (ROI) on the
forehead.

The used camera is a AVT Pike F-210B [4],
monochrome CCD camera which allows recording of 1920×
1080 videos, but which also holds the option to bin pixels
and trade spatial against intensity resolution. Here, the bin-
ning option is used.

The methods to process the video are programmed and
executed in Matlab 2015b: a program reads in the video file,
maps the values onto the range of 8-bit unsigned integers,
converts the video into the different formats and qualities
and saves them on the hard disk. After reading in the files,
they are spatially blurred with rectangular filters, before their
quality, especially the PPGI signal quality, is analyzed.
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First frame of video

Fig. 1. The first frame of the reference video used for this work.
The ROI for signal extraction is marked with a rectangle
at the forehead.

2.1. Converting the video

For the used compression schemes, the videos need to
be 8-bit ones. The equation used for the conversion is as
follows:

I8−bit = round

(
I16−bit ·

28 − 1

216 − 1

)
, (1)

where Ix−bit is the intensity for the respective bit range. This
is why the maximum of the 16-bit video is mapped onto the
highest possible unsigned 8-bit value 255. The quality loss
due to this mapping is discussed later on.

Raw format

The original video file is saved in the raw format which
stores one image after another as pixel arrays, assigning 8 or
16 bits per pixel. This results in the so called 8-bit video or
16 bit video, which are linearly stored. For the 8-bit video
in raw format, the file size is 73.9MB which is half of the
16-bit video with 147.8MB. The information about height,
width and frames is needed to correctly interpret the data.

AVI

The Audio Video Interleaved (AVI) format was devel-
oped by Microsoft. It is a container for meta data of the
video file, it’s audio and video streams. The compression
can be done by many different compression schemes [5].

In this setup, the Motion JPEG algorithm is used to
compress the video [6]. Motion JPEG applies the JPEG al-
gorithm to each frame as a separate image. Thus it results
in a sequence of JPEG images. The JPEG algorithm first
changes from RGB color values to the YCbCr color space
and then reduces the range of the colors. This has no visible
effect due to the lack of human eyes to distinguish between
these small differences in color [2]. The next step is to divide

the image into 8×8 pixel blocks and to apply the discrete co-
sine transformation (DCT) block-wise. Per block, the high
frequencies are reduced in bit resolution and all frequencies
are quantized which also should have only a small effect due
to the limits of the human eye. The resulting 8 × 8 blocks
are further compressed by a lossless algorithm [7].

In Matlab, the parameter to change the degree of com-
pression is called quality and is ranged from 0 to 100. The
quality values are set according to Tab. 1 and chosen to cover
a wide range.

Quality File size in MB in %

Lossless 73.9 100.1

100 28.2 38.2

95 10.2 13.9

90 6.0 8.2

75 3.2 4.4

66 2.8 3.8

50 2.4 3.2

25 1.9 2.6

10 1.5 2.1

1 1.4 1.9

Tab. 1. Used AVI quality and resulting file size. The percentage
to the uncompressed file size of the 8-bit video is given
in the third column.

MPEG-4

The MPEG-4 format is based on the H.264 encoding
which was developed by the Video Coding Experts Group
(VCEG) of International Telecommunication Union (ITU).
MPEG itself stands for Moving Picture Experts Group but
is widely used as the name of video standards [8]. In con-
trast to Motion JPEG, MPEG also takes temporal informa-
tion into account. Thus, it calculates a prediction of the
next frame, the so called P-frames, and can reduce data in
this way. Some frames, named I-frames, are also stored
as images and then compressed by for example JPEG. An-
other type of frames is the B-frame which is predicted bi-
directionally, which takes information from previous and
successive frames to reconstruct the B-frame. In doing so,
the amount of data is decreased immensely compared to a
pure Motion JPEG compression [8]. For MPEG-4 the re-
sulting file size is 0.3MB and thus only 0.4% of the original
video size.

Motion JPEG 2000

Motion JPEG 2000 is comparable to the compression
used in the AVI files. The difference is the used JPEG 2000
algorithm instead of the JPEG one. The JPEG 2000 algo-
rithm is based on the discrete wavelet transform (DWT) in-
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stead of the DCT . In general, it holds better quality than
the JPEG standard but also needs more computing power. A
lossless compression is also part of JPEG 2000 [7]. In Mat-
lab, the compression rate can be adjusted according to the
desired quality. Here, the compression values are chosen, as
seen in Tab. 2. The values are set to reach a minimal file
size, similar to the ones achieved with the Motion JPEG al-
gorithm.

Compression File size in MB in %

Lossless 23.2 31.4

2 15.7 21.2

4 15.7 21.2

8 9.2 12.5

16 4.6 6.2

32 2.3 3.1

64 1.2 1.6

96 0.8 1.0

Tab. 2. Used Motion JPEG 2000 compression and resulting file
sizes.The percentage to the uncompressed file size of the
8-bit video is given in the third column.

2.2. Blurring the videos

To evaluate different quality criteria, the converted
videos are blurred with a spatial rectangular filter. This step
is often used in PPGI analysis to improve the signal qual-
ity, and hence, is here assumed to be a valid method to im-
prove the extracted signal [2][9]. For the rectangular filters,
squares with the edge length of 4, 8 and 16 are applied. The
filters work as ROIs because they take the pixel values from
the filtered area and average them. The result is stored in a
new pixel and the filter is shifted to the next position. This
shifting is applied to every possible filter sized area. To
speed up the calculation, the method of integral images is
used [10]. The filtered image thus results in a new slightly
smaller and blurred image. To compare the filtered and con-
verted videos, the 8-bit and 16-bit videos are filtered as well.

2.3. Analyzing the quality

For an estimate of the video quality, the correlation be-
tween a converted and the original 8-bit or 16-bit videos is
taken into account. The correlation of two videos is calcu-
lated by the pixel-wise correlation over the videos’ time di-
mensions, resulting in a map which shows the correlation
per rectangular ROI (each represented by a single pixel in
the blurred image) as seen in Fig. 2. The selected approach
to condense the information of such a map to a single num-
ber is to calculate the average of all pixels of the correlation
map. This index is close to 1 in the case of very similar
video information and close to 0 if the videos have many
differences.

Correlation Map of AVI with quality 95, filtered
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Fig. 2. Correlation map of the AVI video with quality of 95, fil-
tered by a 8× 8 rectangle.

The correlation between the unfiltered videos might be
very small because the compression algorithms change the
pixel information. A more interesting aspect is the influence
on the signal extraction for PPGI which is mostly based on
averaging some areas in the video. Here, the filtered ver-
sion of the videos correspond to a more realistic scenario,
as lots of ROIs can be compared simultaneously. Therefore,
the filtered versions are also compared with the help of the
described correlation index.

The difference between filtered and unfiltered correla-
tion maps is visible in the figures Fig. 2 and Fig. 3: the
correlation map of the 8 × 8 rectangular filtered video has
higher values than the unfiltered one. The image in Fig. 2
contains the information about the correlation between ROIs
of size 8 × 8 calculated on the unconverted and converted
8-bit videos.

Correlation Map of Avi with quality 95
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Fig. 3. Correlation map of the unfiltered AVI video with quality
95.

Additionally, the signal of the forehead ROI (Fig. 1) is
used as a reference signal. Usually, the PPGI signal quality
is good in this region [11]. A tracking is not applied to the
35× 35 pixel ROI because the subject tried not to move and
his head was loosely fixated by a headrest. This ROI is also
evaluated in the converted unfiltered videos and the correla-
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tion between these signals and the one from the original 8-bit
and 16-bit videos is computed.

This gives three ways to analyze the effects of the ap-
plied compression by: The quality of the unfiltered videos,
the filtered ones and of the extracted reference PPGI signal.

3. Evaluation of data
At first, the videos are analyzed according to the corre-

lation index and later a closer look to the extracted reference
signal is given.

One general fact is that there is only a small visible
difference between the correlation to the 8-bit original video
and the 16-bit one. The quality index between these videos
is 0.96. Restricted to the signal extracted form the forehead
the correlation is even 0.9998. One reason for this difference
is that the darker areas in the video are partly mapped onto
the same number while going from 16-bit to 8-bit.

From here on, all evaluations are applied to the 8-bit
videos.

AVI and MPEG-4
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Fig. 4. The correlation indexes and the relative file size is plotted
here for the AVI videos and the MPEG-4 one. Differ-
ent lines represent different rectangular filters. ”uAVI”
stands for the uncompressed AVI.

As presented in Fig. 4, the quality of the unfiltered AVI
videos reach small values of correlation, already for a quality
a bit smaller 100: for a quality of 95 the averaged correlation
is at 0.55 which is not a strong correlation anymore. With a
value of 0.2, MPEG-4 is also only weakly correlated.

The application of the filters increases the quality of
the videos immensely. Hence, with a 16 × 16 ROI, it even
reaches an averaged correlation above 0.5 for a quality of 25
in contrast to the unfiltered one with approximately 0.1.

The MPEG-4 behavior is comparable with a quality be-
tween 40 and 50, though the file size is smaller. The file size

of the AVI files decreases, even for high quality values, into
the range of some percents.

Motion JPEG 2000

For the Motion JPEG 2000 compressed videos, the file
size is smaller. Take note, that especially the lossless com-
pression reduces the file size to one third but the correlation
remains at the maximum of 1. Compared to AVI, the aver-
aged correlations decrease as well with higher compression
but remain above 0.2 even for a compression of 96. Apply-
ing filtering has a positive effect on the overall correlation,
thus the loss is less (see Fig. 5).
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Fig. 5. The correlation indexes and the relative file size is plotted
here for the Motion JPEG 2000 videos. Different lines
represent different rectangular filters. The x-axis is on
logarithmic scale.

Extracted signal

The extracted signal of the ROI at the forehead does
not differ much from the original 8-bit signal as shown in
Fig. 6. Even for video qualities which have a low correlation
index the signal’s shape remains similar. The deviation is in
the order of a few per mill. Considering the difference in
the lower plot in Fig. 6 a temporal low- or band-pass filter
should widely restore the original behavior of the signal but
was not applied.

The signals corresponding to the strongest compres-
sions are plotted in Fig. 7. They are the lowest quality
(1 and 10) of the AVI videos, the MPEG-4 video and the
Motion JPEG 2000 file with a compression of 96. Both of
the AVI videos lack any equality to the original signal. The
MPEG-4 signal has still a similar shape but it is very noisy
and it misses the first peak of the 8-bit signal. For the Mo-
tion JPEG 2000 video, there are some artifacts visible but
the rough contour is still good.

To further evaluate the quality of the extracted signal,
the correlation between the original signal and the ones of
the video formats is displayed at in Fig. 8. Even for high



POSTER 2016, PRAGUE MAY 24 5

0 10 20 30 40 50 60 70 80 90 100

Frames

118

119

120
V

a
lu

e
s

Signals of first 100 frames

AVI qual. 66

MJ2 com. 8

8-bit signal

0 10 20 30 40 50 60 70 80 90 100

Frames

-0.4

-0.2

0

0.2

0.4

D
if
fe

re
n

c
e

 i
n

 p
e

rc
e

n
t Relative difference to 8-bit signal

AVI qual. 66

MJ2 com. 8

Fig. 6. Top: Extracted signal for the AVI video with quality 66,
the Motion JPEG 2000 with a compression of 8 and the
8-bit original signal. Bottom: The relative difference to
the 8-bit video signal.
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Fig. 7. Time signal of highly compressed videos. The signal of
AVI with quality 1 is shifted by 9 downwards to have all
signals in the same range.

compression rates used in the Motion JPEG 2000 videos, the
correlation stays above 0.94. The correlation for the AVI
with quality higher than 25 is also above 0.9. A lower qual-
ity leads to a different signal and thus is not desired. The
MPEG-4 signal is at 0.87 which is only slightly worse than
the other video formats. This could be not good enough to
extract more information than the shape as seen in Fig. 7.

4. Conclusion and Outlook
In this work the effects of video compression are exam-

ined on a short video sequence in the application of PPGI.
The influence of Motion JPEG (AVI), MPEG-4 and Motion
JPEG 2000 on time series is studied by three different ap-
proaches using correlation in the time domain. Computing
the correlation between the videos and extracted signals is
considered as the quality criterion.

As a summary one can say that the existence of the
PPGI signal is conserved but the overall quality is altered
by the compressions. The differences between 16-bit and
8-bit videos and corresponding signals are relatively small.
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Fig. 8. Correlation between the extracted signals of the fore-
head. Top: AVI and MPEG-4. ”uAVI” stands for the
uncompressed AVI. Bottom: Motion JPEG 2000.

Especially, the signals are strongly correlated because the
averaging cancels out some parts of the quantization errors
which were introduced by mapping from 16-bit to 8-bit.

In the case that one decides to make use of compres-
sion, MPEG-4 seems to loose too much quality. High qual-
ity Motion JPEG compressed videos are a good option for
only a small loss but Motion JPEG 2000 has the best results
in terms of size and quality: already lossless compression
saves two thirds of disk space. Negative effects on image
quality for the lossless compression due to the application
of the DWT could not be observed. The origins for signal
degeneration were not part of this work and need special at-
tention in following studies.

Spatial filtering is one option to restore more of the
video quality, if the used quality criterion is considered. Still,
to restore a less disturbed PPGI signal temporal filtering
could be applied.

During the study two more questions arose which re-
main unanswered and need further investigation: The first
question is, how much loss in quality a user wants to accept
in the trade for more disk space. For treatment in hospi-
tals lots of data is collected (e.g. CT), but the amount of
disk space required by videos would reach another order of
magnitudes thus demands suitable approaches. The second
question deals with the computational load introduced by the
compression schemes, when recording. Here, the resources
are blocked for real-time processing.

As a conclusion it boils down to the question, how
much loss in quality the user accepts. None of the here re-
viewed video formats support 16-bit values which leads to
the mentioned quantization errors. With 8-bits the signal can
be mostly restored and compressed: with accepting a quanti-
zation, a further compression via Motion JPEG 2000 reduces
the used disk space without quality losses. To measure only
the heart rate, the compression schemes do not influence the
results too strongly. Other analysis, e.g. extraction of oxy-
gen saturation, might suffer from the quality loss.

Further investigations should consider these questions.
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