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Abstract: Laser Speckle Contrast Imag g (L3CI) 1s a full-field optical method to momtor microvascular blood
flow. This techmque provides images with excellent spatial and temporal resolution information from which
blood cells velocity values can be computed. Compression offers a means to reduce the space storage and
mcrease the speed of transmission. The goal of this research is to analysis the effect of laser speckle perfusion
umages compression with standard algorithms (lossy and lossless). In this study, we selected 10 sequences of
60 mmages of LSCL. Standard compression algorithms JPEG and JPEG2k deal with integer pixel values (pixels
coded on 1 or 2 bytes) which 1s not the case for LSCI data. Therefore, the aim to test a standard algorithm on
10 L3CI recording. Experimental results are evaluated in terms of compression ratio and Peak Signal to Noise
Ratio (PSNR). For this purpose, we suggest to process laser speckle contrast mmages by calculate the
differences in velocity values which 1s used as a climical quality measurement by compute from images obtamed
after a 8 bits mteger conversion by lossless and lossy version. This study demonstrate the ability to compress
LSCI data with a standard method with high average compression ratio for perfusion image and good 1mage

quality.
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INTRODUCTION

Laser Speckle Contrast Imaging (LSCI) 1s a recent
optical techmque used m the biomedical field to momtor
microvascular blood flow (microvascular perfusion)
(Chen et al, 2016). This mmaging modality has the
advantage of being a contactless technique and it leads
to perfusion images with high spatial and temporal
resolutions (Boas and Dunn, 2010). Moreover, from LSCI
data, velocity of microvascular moving scatterers (mainly
red blood cells from the microcirculation) can be evaluated
when assumptions on the scatterers velocity distribution
are made. A Lorentzian velocity distribution 18 often
chosen in the literature (Briers and Webster, 1996).
However, the drawback of LSCI 1s that it leads to large
data: perfusion images can be acquired with a sampling
frequency of 16 images’s (or even higher) and each
perfusion image may have a size of about 250140 pixels’
when a zone of 9.3>4.0 cm? is studied. Moreover, if each
pixel is coded with 8 bits, a 40 min recordings may require
a space of 10 GB. The question that therefore, emerges 1s
how can we store and transmit such large data.

A compression process aims at creating an alternative
form for the mformation representation to reduce the
necessary storage capacity and to increase the

transmission bandwidth (Kocsis ef al., 2003). When
applied on medical mmages as laser speckle contrast
images, the compression decompression procedures
should lead to data that are still exploitable by the
clinicians. The challenge 1s therefore to produce a high
compression ratio while keepmng the diagnosis
performances.

This raises the question of how to store and transmit
such large quantity of data. By reducing the value of data,
compression offers an effective solution and present an
economical alternative to the increasing measuring stage
capacity. The challenge of L3CI compression 1s to find the
best possible comparative between CR and reconstructed
image quality. As the compression process ammed the
creation of an mtermediary form of the mformation (which
1s more compact), the use of standard compression 1s
particularly important i medical imaging in order to meet
the needs for mteroperability and life. Span which arise
from the healthcare sector. So for this study, we evaluated
two standard image compression methods.

JPEG and JPEG2K: The goal of our research 1s to study
1f IPEG and JPEG2k algorithms can be of mterest for laser
speckle contrast umages (storage and transmission). To
answer this question, we will apply the two compression
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algorithms on stack of I.SCT perfusion images recorded in
the forearm skin of 10 subjects. The quality of the
decompressed 1mages will be analyzed by comparing
blood cells velocity values computed from the
decompressed images with the ones computed from the
original stack of images.

MATERIALS AND METHODS

Laser speckle contrast imaging: LSCI is now commonly
used in clinical research to monitor microvascular blood
flow in tissues as retina, skin and brain (Dunn et @l., 2001).
The principle of the technique is the following: a coherent
light (laser light) illuminates the tissue under study. The
backscattered light forms an mterference pattern (known
as a speckle pattern) on a detector that 15 a video camera.
Due to the movement of scattering particles (as red blood
cells) in the tissue, the speckle patterns fluctuate in
intensity. When the exposure time of the camera is longer
than the time scale of the speckle intensity fluctuations,
the camera integrates the intensity variations which
results i a blurring of the speckle pattern. The degree of
blurring is quantified by the spatial speckle contrast K
that is defined as the ratio of the standard deviation o of
the intensity T to the mean pixel Intensity (I) of the speckle
pattern in a square window of N’ pixels (Briers and
Webster, 1996):

()@Y )

To obtamn a two-dimensional contrast image, the
square window 1s moved along the raw speckle image.
The LSCT perfusion image is then computed from the
mverse of the contrast value in each pixel (see an example
of a L.SCT perfusion image in Fig. 1.

From laser speckle contrast images, velocity of
moving scatterers from the microcirculation (mainly red
blood cells of the microcirculation) can be computed when
a velocity profile 1s assumed for moving scatterers. If this
profile is assumed to follow Lorentzian statistics we have
(Boas and Dunn, 2010):

K= B{?Jr;;z(exp(-zg]-lﬂ (2)

Where:
T = The exposure time of the camera
T, The correlation time of intensity fluctuations.

The relation between correlation time T, and the
velocity of moving scatterers v, is given by (Briers and
Webster, 1996):

v - M 3)

.=
ant,

where, A is the laser wavelength.

Lossless and lossy compression-coding techniques:
Many types of compression methods have been
developed. These methods fall into two broad types,
lossless and lossy algorithms. A lossless compression
technique allowed the original data to be perfect by
reconstructed from the compressed data. TLossless
compression technique exploits coding redundancy to
decrease the number of bits needed to represent an image
(Kivyjarvi et al, 1998). These algorithms are called
reversible compression techniques. Compression rates for
lossless methods vary but typically are around 2:1-3:1
(Georgiev et al., 2013; Liu et al., 201 7; Elhannachi et al.,
2017).

By contrast, lossy mmage compression schemes
permit re-construction only of an approximation of the
original data to unprove the compression ratio
(Mateika and Martavicius, 2007). These technicues allow
high compression rates that depending on the
compression quality and the image features. At high
quality levels 10:1-20:1 (Ukrit ef al., 2011).

Standard compression algorithms allow meeting the
needs for mteroperability and life-span which arise from
the health care sector (Liu et @l., 2017). The standard
algorithms, Discrete Cosine Transform (DCT) and the
Discrete Wavelet Transforms (DWT) are widely used for
image and video compression. These two standard
methods provide a higher 1mage compression to reduce
the cost of storage capacity and higher transmission
speed (Rabbani and Joshi, 2002).

JPEG and ITPEG2K are two standard image
compression algorithms (Kim et ol., 2010). TPEG that has
been established by the (Joint Photographic Experts
Group) has officially been accepted as an mtermational
standard m 1992. It 13 a lossy 1mage compression method
(Wallace, 1991). TPEGZk is another standard image
compression algorithm that produces higher quality
images compared to JPEG for a same compression
ratio. Moreover, JPE2k offers lossy and lossless
compressions 1n the same file stream and also spatial
scalability with excellent compression performance
(Przelaskowski , 2004).

Compression assessment: Measuring the quality of the
image 18 a complex and hard process, since, human
opinion 15 affected by physical parameters. Many
methods are offered for image quality measuring but none
of it is deliberate to be perfect for measuring quality.
Image quality measurement plays an important role in the
field of image processing (Kocsis et al., 2003).
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The losses in the image data usually correlated to the
compressed images may be suitable or not depending on
some predefined accepted level. Fidelity measures are
often used to measure the amount of information losses
produced by performing certain coding algorithms.
Among the most commoenly used 1s the Mean Square
Error (MSE) test, defined as:

1 M-1M-1 3
MSE = O(x,y)-R “4)
o 2 Oy R(x)
Where:
O = Refers to the original image
R = The decoded image

N=M = Pixels 1s the image size

The most commonly used as fidelity measurement 1s
Peak Signal to Noise Ratio (PSNR) is an expression for the
ratio between the maximum possible value (power) of a
signal and the power of distorting noise that affects the
quality of its representation. PSNR 1s usually expressed in
terms of the logarithmic decibel scale (Wang et al., 2004).
The PSNR can be signified n decibel units (dB) as:

. 2
(Max value-Min value) (5)

PSNR =10log,, NE

Tt is well known that the objective measure like PSNR
15 not a good pomter of subjective quality. Specifically at
small PSNR wvalues and high compression ratios
(Gonzalez et al., 2009). As mentioned above, velocity of
moving particles form 1.SCT data can be calculated using
Eq. 2: (Briers, 2007; Cho ef al., 2016; Dunn, 2012). We
have therefore, proposed the velocity of moving
scatterers as a clinical quality measurement. Thereby,
mean velocity difference was computed for original and
reconstructed image.

Mean differences velocity = E{[V’(i)_v(i)]} (6)

where, in V' and V refers to the original and decoded
velocity, respectively. Each of size (i), i is a number of
image while referring to expectation or average value of
velocities.

The proposed compression scheme: In this study, we
studied the ability to compress LSCI data with two major
compression algorithms: JPEG and TPEG2k for both their
lossless and lossy versions.

The data were recorded with a frequency sampling of
18 Hz on the arm of 10 healthy people. Four successive
frames are shown in Fig. 1. We have selected 60 images

I . . '
Fig. 1. Four successive LSCI perfusion images: a) Im1; b)
Im2; ¢) I3 and d) Im4

' . . .
Fig. 2: Original ROI for perfusion image: a) Original

frame; b) Original frame+ROL;, ¢)ROI frame and d)
ROI mteger frame

for each sample. For each image in the sequence, a Region
of Interest (ROT) with a size of 128x64 pixels was selected
as shown m Fig. 2. The proposed test was implemented
using standard function (imwrite) in MATLAB
(Gonzalez et al., 2009; Marques, 2011).

The second step i1s mapping a pixel value to an
integer value. With convert the original float values mto
integer 8-bits unsigned image value. However, standard
algorithms such as TPEG and JPEG2k in their lossless and
lossy versions, deal with integer pixel values only (pixels
coded on 1 or 2 bytes) which is not the case for
LSCT data. So, we converted the original LSCI float
pixel values into integer values. For a brief view, we
can summarized the processing steps of of our study
as the following. For lossless compression method,
we compared CR and effect of imteger conversion
on PSNR and error on velocity for 8 and 16 bits
calculating.

For lossy method 1s only with 8 bits which JPEG
method deal with 8 bits only. Thereby, evaluate their
efficiency n terms of Compression Ratio (CR). We studied
the effects of these algorithms on the quality of
reconstructed images m terms of induced pixel value
degradations quantified with PSNR and flow distortion:
flow is a clinical parameter calculated from perfusion
sequence:
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¢+ Defined CR with TPEG by fixing the quality factor
from 10-100

¢ Use these CR as input parameters for JPEG2K to
compare effect of compression for TPEG and TPEG2K

*  Evaluate and compare CR and effect of mteger
conversion on PSNR. Furthermore, calculate the
error on velocity for 8 bits for each quality factor.

RESULTS AND DISCUSSION

The results obtained for lossless version (JPEG2k
and JPEG) are shown in Fig. 3. Figure 4 presents our new
clinical quality parameter by calculating the differences in
velocities values. These values were computed from
images obtained after a 8 and 16 bits integer conversion.
For lossy compression method, Fig. 5 present the relation
between CR and PSNR after a 8 bits mteger conversion for
JPEG and JPEGZk. The relation between the compression
ratio and the mean difference of velocities values are
shown in Fig. 6.

This study is the first analysis on laser speckle
images compression. The purpose of this study was to
evaluate and compare the results of JPEG and JPEG2k for
laser speckle contrast image compression. The expanded
of this study of laser speckle contrast image compression
with a the standard method by using speckle pattern
velocity as a clinical quality parameter by calculating the
mean difference velocities between the original image and
reconstruction  image. Image compression and
degradation depend on image information which was
confirmed by the quantitative results of this study and is
i accord with the coding process. Various compression
ratios were applied on perfusion image with different 10
samples to compare effect of compression for TPEG and
JPEG2k.

The lossless compression efficiency of the reversible
standard algorithm are reported in. The results obtained
after compressed the perfusion mmage by the JPEG2k and
JPEG (8 bits) show approximately similar results for CR
and PSNR values. This is true for all samples.

The significant results of velocity measure that used
as clinical quality assessment are shown. The difference
velocity value for perfusion image was obtained after
encoding-decoding 1s approximately insigmficant different
compared to the original image velocity. These results
verified the lossless technique provides advantages that
LSCI images can be transferred effectively and are
reconstructed perfectly.

Figure present the relation between the CR and
PSNR for lossy version of JPEG and JPEG2L, respectively.
For these Fig. 10 samples have been studied for each
method. From these two figure, we can observe that the
JPEG method 1s demonstrated a lngher values of PSNR for
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Fig. 3: Perfusion image compression by TPEG and TPEG2k
8 and 16 bits (lossless) for 10 samples are studied

0.9: 1 T
| [~ i@ PEGBbiIts |
I 8 JPEG 2K 8 bits 1
[0 ¥- ] E—— — oY T
I . 4 JPEG 2K 16 bits i
- i T T | a
0.7} L { : i
o - | | | o
o ] ] 1 1
T g6l ; | | {
£ | om : e L
© | ] i 5 x
§ 05Fw ! WE
= H i
0.3} 1 |
| - i 1 i
Le _ Lo
0.2" —————t e e e e e ]
4 6 8 10 12 14 16

CompressionRatio (CR)

Fig. 4: Effect of 8 and 16 bits (lossless) conversion on
perfusion original values and velocity values. The
range of original values, the range of the difference
and meantstandard deviation of the difference
were calculated on a 60 image recording.
Furthermore, 10 samples are studied

lower bit rates (bpp). TPEG is higher approximately by 2dB
compared to the JPEG2k results. The goal of CR 1s to
compared the results of different samples of perfusion
images. The JPEG2k produces slightly better CR values
compared to JPEG. For JPEG and JPEG2k lossy version,
the proposed parameter of mean difference velocities as
a function of CR 1s shown i, respectively. For these two
Fig. 10 samples are studied. Furthermore, different quality
of compression ratio 1s calculated. From these two figures,
JPEG2k demonstrated more efficient mean velocities
differences as well as a higher correlation values
compared to JPEGZK that is true for all 10 samples.
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Fig. 5: The relation between CR and PSNR values of JPEG
& bit lossy version. Each curve with represent one
sample of 10 samples. Red curves refer to TPEG and
blue curves refer to JPEG2K. Perfusion image
compression by JPEG2000 (lossy)-exponetial-2

approximation

25, | - ,
2C}
8
5
o 18!
=
§ 1c
2 1

Ei

cH-

0 10 20 30 40 50 60 70 80

Compression ratio

Fig. 6: The mean difference velocities versus the
compression ratio for original perfusion image and
reconstructed image after JIPEG and JPEG2K 8 bits
lossy compression. Red (- 1) curve refer to JPEG

and blue (»+) curve refer to JIPEGZK
CONCLUSION

In this study we proposed to use the speckle
pattern velocity as a clinical quality measurement to
validate our results that providing ensure that can be
compressed LSCT without insignificant change on
features of original image wvalue with good average
compression ratio and better image quality for perfusion
image. These results are encouraging for going ahead
mn applymng standard compression algorithms on LSCI
data.
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