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Abstract Imaging through turbid media leads to a great loss of
information decreasing the image quality. In this work we try
to palliate this problem by adding an absorbent to the medium,
eliminating part of the scattered radiation responsible for the tur-
bidity. This research work is preceded by the demonstration of
the effectiveness of black carbon powder as an absorbent, leading
to improved quality images [1,2]. With this aim, we use graphene
nanoplates as an absorbent and compare the results with black
carbon powder in order to study the possible improvement.
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1 Introduction

When a medium is interposed between an object and the detection sys-
tem, there is a loss of quality of the transmitted image due to the light
behavior through the medium. The transparency property of a system
affects how the light behaves passing through it. For instance, translu-
cent materials, such as diffusive media, allow light to pass through
them, but it suffers changes. Some photons pass through the body and
reach the detector without alterations (ballistic photons), some fail to
pass through it and are retained in the medium (absorbed photons)
and others suffers changes in its trajectory (scattered photons), not al-
lowing a clear vision, since they arrive the detector in a random man-
ner. Adding an absorber to the medium can improve the image quality
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since it has more chances to absorb the scattered photons due to its
longer path than the ballistic ones, hence part of the scattered radiation
will be eliminated before reaching the detector.

Consequently, numerous studies have been carried out in these me-
dia for several years, giving rise to certain mathematically complex
techniques such as stellar interferometry, inverse scattering, or fluo-
rescence, among many others, trying to solve this problem. Regard-
ing fluorescence, it is worth mentioning a test performed at the end
of the 20th century, where a technique to improve the image quality
of an object hidden by a diffuse medium combining fluorescence and
absorption was tested, in it was shown that the image quality could
be further improved by absorption, selecting the spectral range of the
fluorescence light that is highly absorbed by the medium [3]. In addi-
tion, at the end of the 20th century, a new technique, simpler to per-
form, was introduced to improve vision through a random medium
with high diffusion by using the absorption present in the medium.
It was proven that absorption reduces the intensity of scattered light,
that generates the image noise, below the intensity of the ballistic sig-
nal, which forms the image. This reduction in the signal-to-noise ratio
allows to see through a diffusive medium that would be opaque with-
out the presence of absorption [4]. Another test at this time showed
that by using the absorption method to improve image quality in tur-
bid media, the received energy decreases, but so does the path of the
photons arriving at the detector, meaning that more scattered photons
are absorbed, with a higher trajectory, than ballistic photons. In addi-
tion, it showed that the results obtained were similar to those achieved
with the time-gating technique, which is more complex and expensive.
This method is the most widely used for breast imaging. This last trial
was performed to contemplate a new technique in medicine to detect
breast tumors [5]. Gradually, the applications of this methodology have
grown, reaching the military industry [6], and the astronomy [7].

The basic methodology we have used is similar that developed in [1].
In this work, the improvement of image quality is studied using black
carbon powder as an absorber in two different scattering media, one
consisting of zinc oxide nanoparticles, and the other of polystyrene
nanoparticles. This last technique is the one of interest in the present
investigation and on which the study has been based. For this pur-
pose, we have made a series of samples and tested them in the labo-
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ratory for subsequent analysis in Matlab using the SSIM function. In
2018 another paper was published following the research line of the
2016 [2]. In this article the influence of the wavelength of the incident
light on the image enhancement is studied. Due to the angular dis-
tribution of the scattering depends on the size of the scatterers with
respect to the wavelength of the incident light, they determine a new
approach to image enhancement, selecting the appropriate wavelength
range [2]. The most recent paper we have found is from 2019, in which
authors analyze the absorption-scattering coupling and its impact on
haze in random media. They also introduce the haze-absorption sen-
sitivity spectrum which quantifies the capacity of absorption-induced
haze supression [8].

It is also worth mentioning other interesting papers about absorp-
tion, scattering and turbid media, using other techniques and ap-
proaches [9–19].

Taking into account the aforementioned investigations, the aim of
this paper is to compare the image enhancement achieved by graphene
and black carbon powder as absorbers, and to study the influence of
incident light by performing the experiments using white and red light.

2 Theory

To understand the absorption phenomenon, light must be understood
as a corpuscle, quantized, with discrete values of energy. Absorption
occurs when an electron is excited by a photon. Electrons occupy or-
bitals separated from each other by discrete amounsts of energy, in
which the number of electrons is limited by the Pauli exclusion prin-
ciple. When excited, the electron will move to a higher energy level,
absorbing the energy and leaving a hole in its original position.

Imaging through absorbers leads to a loss of brightness since not all
ballistic photons reach the detector. In the context of the image vision,
scattering occurs, for instance, when a particulate system is interposed
between the object and the detection system, such as turbid media.
The rays emitted by the object are obstructed by the particles in the
medium, deflecting their path.

Scattering depends on the particle size. We can distinguish two mod-
els within the context of our work: the Rayleigh and the Mie regimes.
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When the particle size is much smaller than the wavelength of the in-
cident light, we are in the Rayleigh case, while if the particle diameter
is of the order or larger than the wavelength of the incident light, it is
Mie scattering.

Imaging through scatterers generates a loss of quality of the trasmit-
ted image, since the scatterers deflect the photons that arrive disorderly
at the detector, resulting in blurred images. Therefore, in turbid me-
dia we can distinguish three types of photons: the ballistic photons
that form the image, arriving in an orderly manner at the detector; the
scattered photons, which generate blurred images because their trajec-
tory has been altered and they arrive randomly at the camera; and the
absorbed photons, which do not reach the detector, causing a loss of
intensity.

3 Methodology

The procedure we have followed to perform the experiments its shown
in the diagram below 2.

It has consisted of, first of all, the preparation of the samples, in
which we have used graphene and black carbon powder as absorbers
(both separately), polystyrene nanospheres as diffusers and distilled
water as the matrix medium. We tested four different solutions, grad-
ually increasing the amount of diffuser, with concentrations of 30, 50,
70 and 100 µl in 10 ml of distilled water, and absorbers concentrations
of 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 1.3 and 3.3 mg for the first three solutions
and 0.5 and 1.3 for the last one.

Afterwards, we introduce the samples into the cuvette of the optical
system for imaging. The imaging setup we use consisted of a CMOS
camera, a 1951 US Air Force resolution target as the object, a biconvex
convergent type lens, a rectangular glass cuvette to place the samples
in between the camera and the object. As radiation source, we used an
incoherent white led light with a 650 nm bandpass filter, and without.

Once the images have been taken, to compare and evaluate their
quality, first, we must select those that are comparable with each other,
for what we use the signal-to-noise ratio following three different meth-
ods depending on the application. To calculate the signal-to-noise ratio
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Figure 1: Imaging setup.

of the images we use the following formula:

SNR =
≺ I ≻√

≺ I2 ≻ − ≺ I ≻2

Where, I = Image intensity and ≺ I ≻= Average image intensity
Here, we present the methods we have used to choose the images

based on the application. The resulst vary depending on the method
selected.

Method 1: We select the images considering the signal-to-noise ratio
of the reference image. This criterion is useful for those applications
where the reference image is known, for example, in the geostationary
satellite case.

Method 2: Considering the exposure time of the reference image we
select the disturbed one and, depending on its signal-to-noise ratio, we
choose the images with an absorber. This criterion is useful for images
whose damage degree is such that it is not possible to return to the
reference one, and therefore, it is necessary to work on the disturbed
image. For instance, in optical space elements that have suffered such
a deterioration that you cannot return to their initial conditions, and
therefore it is required to work with the deteriorated image.

Method 3: Considering the exposure time of the reference image
we select the same disturbed one. Then, to select the images with an
absorber we vary the exposure time seeking to return to the signal-
to-noise ratio conditions of the reference. This criterion is useful for
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applications like method 1 but when the disturbance appears instanta-
neously.

Once we have selected the images to evaluate them we use the struc-
tural similarity index (SSIM) in Matlab.

Figure 2: Procedure diagram.

SSIM quantifies the similarity of an image regarding the reference
one, taking into consideration the structure, contrast, and illuminance
of the images (x,y), as we can see below [20, 21].

1) Iluminance comparison:

l(x, y) =
2µxµy + C1

µ2
x + µ2

y + C1
,

where C1 = (0, 01 · 2bitsperpixel − 1)2

2) Contrast comparison:

c(x, y) =
2σxσy + C2

σ2
x + σ2

y + C2
,

being C2 = (0, 03 · 2bitsperpixel − 1)2.
3) Structure comparison:

s(x, y) =
σxy + C3

σxσy + C3
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Here, µx, µy, σx, σy and σxy are the local means, standard deviations
and cross-covariance. From these quantities may be demonstrated that
the SSIM index is:

SSIM(x, y) =
(2µxµy + C1)(2σxy + C2)

(µ2
x + µ2

y + C1)(σ2
x + σ2

y + C2)

4 Experimental results

In this section we show the most important results obtained. We have
compiled those experiments in which an improvement of graphene
over graphite is detected, for each method explained above with red
and white light sources. First we show the results for red light for each
technique, and then those obtained with white light.

As we can observe, both numerically by means of SSIM and visually,
the fourth image on the right, adapted with graphene, is the one that
most resembles the reference picture, improving with respect to the
image perturbed with the diffuser and the image adapted with graphite
(Figures 3 to 8).

For the image series from 3 to 5 with red light we observe that the
SSIM values achieved for the adapted versus perturbed images present
larger differences than for the white light case (Figures 6 to 8), espe-
cially for method 1.

(a) (b) (c) (d)

Figure 3: Results of the method 1 for red light. (a) Reference image 10ml distilled water. (b)
Disturbed image 30 µl polystyrene, SSIM=0.5497. (c) Image with 0.4 mg graphite,
SSIM=0.6818. (d) Image with 0.4 mg graphene, SSIM=0.7849.
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(a) (b) (c) (d)

Figure 4: Results of the method 2 for red light. (a) Reference image 10ml distilled water. (b)
Disturbed image 50 µl polystyrene, SSIM=0.4105. (c) Image with 3.3 mg graphite,
SSIM=0.6629. (d) Image with 3.3 mg graphene, SSIM=0.7107.

(a) (b) (c) (d)

Figure 5: Results of the method 3 for red light. (a) Reference image 10ml distilled water. (b)
Disturbed image 70 µl polystyrene, SSIM=0.5868. (c) Image with 0.4 mg graphite,
SSIM=0.9717. (d) Image with 0.4 mg graphene, SSIM=0.9968.
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The results obtained using white light for the three methods are
shown below.

(a) (b) (c) (d)

Figure 6: Results of the method 1 for white light. (a) Reference image 10ml distilled water. (b)
Disturbed image 70 µl polystyrene, SSIM= 0.9762. (c)Image with 0,6 mg graphite,
SSIM=0.9918. (d) Image with 0.6 mg graphene, SSIM=0.9920.

(a) (b) (c) (d)

Figure 7: Results of the method 2 for white light. (a) Reference image 10ml distilled water. (b)
Disturbed image 50 µl polystyrene, SSIM= 0.5815. (c) Image with 3.3 mg graphite,
SSIM=0.7384. (d) Image with 3.3 mg graphene, SSIM=0.7736.

(a) (b) (c) (d)

Figure 8: Results of the method 3 for white light. (a) Reference image 10ml distilled water. (b)
Disturbed image 70 µl polystyrene, SSIM= 0.4525. (c) Image with 0.6 mg graphite,
SSIM=0.9918. (d) Image with 0.6 mg graphene, SSIM=0.9920.
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5 Conclusion

In this paper we have presented the image enhancement by the ab-
sorption technique using graphene as an absorber. Likewise, a com-
parison between the enhancement obtained by graphene and graphite,
and white and red light, has been made.

We have found that, in most cases, for the type 2 suspension and
red light, the concentration at which the best SSIM values are achieved
for graphene is 0.4 mg. We have encountered that in the case of vision
loss due to image intensity saturation, there is a generalized improve-
ment when introducing both, polystyrene nanospheres and the two
absorbers. We expected significant results in which the enhancement
would be visible to the naked eye for any of the three methods, how-
ever, for method 1 the improvements are practically negligible, being
visibly unnoticeable. Also, we found the most important results for
method 3, and the least remarkable for method 1. We found more sig-
nificant results with red light rather than with white light. In addition,
white light saturates sooner.
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