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Abstract: The ability to see behind flames is a key challenge for the 
industrial field and particularly for the safety field. Development of new 
technologies to detect live people through smoke and flames in fire scenes is 
an extremely desirable goal since it can save human lives. The latest 
technologies, including equipment adopted by fire departments, use infrared 
bolometers for infrared digital cameras that allow users to see through 
smoke. However, such detectors are blinded by flame-emitted radiation. 
Here we show a completely different approach that makes use of lensless 
digital holography technology in the infrared range for successful imaging 
through smoke and flames. Notably, we demonstrate that digital holography 
with a cw laser allows the recording of dynamic human-size targets. In this 
work, easy detection of live, moving people is achieved through both smoke 
and flames, thus demonstrating the capability of digital holography at 10.6 
μm. 

©2013 Optical Society of America 

OCIS codes: (090.1995) Digital holography; (110.0113) Imaging through turbid media; 
(110.3080) Infrared imaging; (040.2235) Far infrared or terahertz; (290.7050) Turbid media. 
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1. Introduction and state of art 

The possibility of having clear vision in fire scenes is of fundamental importance, and it 
presents a great challenge in military and homeland security situations. Fire is a cruel and 
dangerous destroyer, causing thousands of deaths and severe permanent burn injuries every 
year. In the United States, for example, fire departments respond to about 1.6 million fire calls 
per year, and domestic house fires make up the majority of them [1] (3000 deaths occurring 
each year in house fires). 

The recent generation of infrared (IR) bolometer detectors, commercially available for 
imaging in the IR spectrum in the range of 7–14 µm, are uncooled (i.e., they operate without 
liquid nitrogen), thus they are lighter in weight and have reached high density and resolution 
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array (680×480 pixels; pixel size down to 25 µm). Also, the cost of such devices is no longer 
so high, considering their brilliant performance. Such devices allow passive or active clear 
vision (i.e., with laser IR illumination) through smoke or fog since IR electromagnetic 
radiation is scattered just slightly by fog drops or smoke particles. However, visible radiation 
is strongly affected by scattering, and vision can be completely impaired in such situations. 
Many fire departments use IR cameras based on a bolometer for exploring fire scenes in order 
to have clearer vision and to allow the rescue of human lives, or to operate safely in such a 
hostile environment. As explained above, while imaging through smoke is possible in the 
range of 7–14 µm, flames can completely blind the detector. In fact, electromagnetic radiation 
emitted by flames can severely saturate the detector, occluding the scene behind them. 

On the industrial side, the failure of furnace and boiler equipment can cause quality 
problems and, in some cases, it can also be serious enough to force the shutting down of an 
entire process line. Special thermal imaging cameras are often used to detect most equipment 
problems during operations so that failures can be prevented. These cameras use a spectral 
waveband filter that only allows the detection of thermal radiation within specific 
wavelengths. Usually the filter is around 3.80 µm, where no hot gases are emitted. In fact, 
gases present in flames have discrete absorption bands in the IR spectrum: the maxima for 
CO

2
 are at 2.7, 4.4, and 15 µm; for H

2
O they are at 1.4, 1.9, 2.7, 6 and 17 µm. Therefore, 

thermal imaging cameras equipped with such filters are ideal for furnace inspections but 
cannot be used to see through all kinds of flames, e.g., in the flames generated during the 
combustion of a forest or building. In fact, solid particles of incandescent soot emit radiation 
in a continuous spectrum over a wider region from visible to IR and also at around 3.8 µm. 
They are considered to behave as gray bodies (absorptivity is independent of wavelength and 
temperature). The relative contribution of soot radiation and band radiation associated with 
hot gases depends on flame thickness: for thin flames (<0.20 m) band radiation dominates, 
whereas the contribution of soot radiation to flame radiation dominates as flame thickness 
increases. Another contribution to the continuous spectrum comes from the burning of 
vegetation, which emits in a stronger and more continuous way in the IR region. In other 
cases, the continuous spectral emission of flames may be due to processes such as 
recombination of ions or associations of atoms and radicals [2–4]. 

Here we demonstrate a different approach to through-flame imaging based on an 
interferometric technique, i.e., digital holography [5] (DH). In recent years, both holography 
and DH have been seen as a considerable step forward and have been applied in many fields 
of science and technology––as a powerful and flexible tool for shape and strain measurements 
[6–8], for optical-image encryption [9], for quantitative analysis of biological samples [10–
15], in real-time modality with good resolution [16,17], and in 3D imaging and display 
[18,19] using a wide range of experimental setups and light sources [20–23], e.g., Long-IR-
DH [24–29]. 

Recently, a holo-stereographic technique has been used to get a dynamic display of live 
people by making use of a pulsed laser source and a photorefractive polymer as a recording 
medium [30]. In our research, we employ a cw laser and a simple user-friendly IR sensor to 
acquire human-size holograms that can be numerically reconstructed or displayed in quasi real 
time. In addition, the need of imaging methods for discovering occluded objects [31] or seeing 
in scattering media is of fundamental importance in many fields, from security to 
biotechnology and microfluidics [11,12,32,33] (i.e., imaging in tissue or biological fluids). 

In this work, two challenging objectives have been achieved, thanks to lensless DH at far 
IR: 

 Real-time recording of live, moving people by cw laser. 

 Clear imaging through smoke and flames, independent from the chemical nature 
of the burning materials involved and from their emission spectrum. Therefore, 
the proposed approach can be applied to all kind of flames. 

The combination of both these capabilities, which is not achievable by any other imaging 
technique, provides a unique possibility to perform real-time dynamic detection of moving 
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people in fire scenes. Figure 1 shows a sketch of a typical fire scene, with people trapped in an 
apartment invaded by smoke and flames. This is a case where the naked-eye vision is 
completely impaired and the rescue operations slow down. In this case, a thermographic 
camera would not be able to return a full view of the people inside the apartment because of 
flame emissions. However, the holographic view would be able to discard both the smoke and 
the flame contribution and offer a very clear view of any people behind them, providing a 
potential innovative application in the safety field. The IR-DH holographic system could be 
mounted on a tripod (see also figures in [34]). 

This work is organized as follows. In Section 2 we discuss the advantages of lensless IR-
DH and the setup used in our experiments is described. In Section 3 we describe the 
experiments carried out to demonstrate the holographic capability of imaging objects and 
human-size targets through smoke and flames. Finally, in Section 4 some conclusions are 
drawn. 

 

Fig. 1. Sketch of a typical fire scenario where the line of sight is impaired by smoke and 
flames. Both the naked-eye vision and the thermographic view are blinded by flame emission. 
Holography at IR can allow clear vision. 

2. Working principle: lensless IR-DH 

DH at a long IR wavelength has considerable advantages that make it very flexible and useful 
for recording real-world, large scenes as follows: 

 Thanks to the long wavelength, it is possible to record digital holograms of 
human-size objects. 

 Hologram recording can be realized in open space and in daylight conditions, 
thus allowing this technology to be brought out of the laboratory. 

 A longer wavelength makes the recording of an interference pattern (the 
hologram) much less sensitive to vibrations. 

 High-power CO
2
 laser sources are broadly available with good coherent 

properties, so it is possible to expand the object beam to view very large scenes. 

 DH allows one to employ a lensless setup to perform out-of-focus acquisitions. 
Indeed, digital techniques are available to reconstruct the object wave field in the 
focus plane. In this way the typical saturation of the IR camera elements can be 
avoided and the sensor is not blinded by the flame emission. 

These features of IR-DH provide an opportunity to take an important step forward to achieve 
clear imaging of a real-world large scene. In fact, here we show that IR-DH has real potential 
to be used in real-world fire-scenarios in order to get clear vision through smoke and flames. 

Indeed, as we show in the following, IR-DH allows us not only to record objects immersed 
in smoke but also to visualize objects behind flames. Conversely, we show how a live moving 

#181596 - $15.00 USD Received 11 Dec 2012; revised 11 Jan 2013; accepted 15 Jan 2013; published 26 Feb 2013
(C) 2013 OSA 11 March 2013 / Vol. 21,  No. 5 / OPTICS EXPRESS  5382



body behind the flames cannot be detected by simple imaging with the same IR camera, while 
IR holography can do it. 

In order to demonstrate this unique imaging potential, two kinds of experiments were 
conducted where the capability of seeing through smoke and flames by IR-DH were tested. 

 

Fig. 2. Experimental set-up: interferometric set-up in lensless off-axis configuration. (BS): 
beam splitter. (L1, L2): lenses. (VA): variable attenuator. (M1, M2): mirrors. 

In Fig. 2 we show the system adapted to image a metallic object placed in a sealed 
Plexiglas™ chamber (for safety reasons). The optical setup is a typical interferometric setup 
in a lensless off-axis configuration with a long-IR laser source. The laser used throughout our 
experiments is a CO

2
 laser, Blade 100 by EL.EN Spa, emitting linearly polarized radiation at 

10.59 µm relative to the line P(20) in continuous mode on the Gaussian fundamental TEM00 
mode up to a maximum power of 110 W; the laser beam was characterized by a minimum 
diameter beam waist at the output of the resonant cavity of about 10 mm and a divergence of 
about 2.2 mrad. The CO

2
 laser beam is first divided by a ZnSe beam splitter (BS) which 

reflects 80% of the impinging radiation and transmits the remaining 20%. The transmitted 
part, which constitutes the reference beam, is reflected by means of a plane mirror (M1) 
toward a ZnSe variable attenuator (VA); the reference beam is then redirected by means of 
another plane mirror (M2) toward the thermocamera but, before impinging on the detector, it 
encounters a ZnSe converging lens of 1.5 inch focal length (L2), which focuses and then 
enlarges it in order to reach the thermocamera with enough low intensity and an almost planar 
wavefront. The reflected part of the fundamental beam constitutes the object beam; before 
impinging on the sample, it passes through a ZnSe converging lens of 1.5 inch focal length 
(L1), which focuses and then enlarges the beam so as to irradiate a more-or-less large surface 
of the object depending on its distance from the sample. The interference pattern created by 
the object beam and the reference beam across the sensor is optimized in order to increase the 
fringe visibility by acting on the reference beam intensity by means of the variable attenuator. 
The hologram can be collected and digitally stored in a computer, both in the form of a single 
image and in the form of a video, if a dynamic scene is of interest. The detector used 
throughout our experiments was a micro-bolometric camera (640×480 array) by 
Thermoteknix Miricle, with a frame rate of 50 frame/s, a pixel pitch of 25 μm×25 μm, and a 
spectral response in the range 8 μm–12 μm. 

Thanks to the low sensitivity to vibrations of the whole system, the anti-vibration modality 
of the table is not activated during the experiments. Since the detector is only sensitive to IR 
radiation, artificial lights or sunlight are not disruptive. It is necessary to vary the inclination 
between the object and the reference beam so as to obtain a sufficiently high fringe spatial 
frequency to separate the real image from the virtual one without breaking the limits imposed 
by the sampling theorem. 

As will be discussed in the following sections, the recorded holograms have been 
reconstructed by means of the Fresnel method, the diffraction orders out of interest have been 
filtered, and a numerical enhancement has been performed to improve the image quality. 
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3. Experimental results 

3.1 Seeing through smoke 

Here we show the results of the first experiment carried out to show the holographic capability 
of imaging a metal object through very dense smoke. In order to obtain high enough smoke 
density around the target, we set it inside a sealed Plexiglas™ box where incense was burning. 
We used a small bronze statue 10 cm high as a target. On one side of the box two windows in 
the IR range were opened––an AR/AR ZnSe input window through which the laser beam can 
reach the object and a germanium output window through which the light diffused by the 
object can reach the thermal camera detector, whose distance from the object is 25 cm. In 
order to obtain a quantitative measurement of the smoke concentration inside the box, we 
evaluated the attenuation of the radiation intensity of a 15 mW laser diode traveling for 6 cm 
inside the box before reaching a Si photodiode connected to an HP 3401A multi-meter; the 
last recorded value is 1% of the initial one, thus showing that smoke density changes with 
time. In Fig. 3(a) the image recorded by a standard white-light photo camera after letting 
smoke in is shown, where the vision is impaired due to the severe scattering of the visible 
radiation due to the smoke. 

In Fig. 3(b) the image obtained by the IR bolometer is displayed. As expected, the 
thermographic acquisition allows us to see through smoke because the IR light is only slightly 
scattered by particles due to its longer wavelength (in fact, Rayleigh scattering law predicts 
low scattering for longer wavelengths). In Fig. 3(c) the IR holographic image is shown. It is 
evident also that holographic imaging provides clear vision even through smoke. 

It is important to note here that, in holographic imaging, the movement of the scattering 
particles (e.g., soot particles) contributes to reinforce clear vision [11]. Indeed, multiple 
acquisitions can be reconstructed and averaged to obtain improved images where more detail 
can be seen, as will be shown in the following section. 

 

Fig. 3. Target imaging through smoke. (a) Metal object in Plexiglas™ box. Images recorded by 
a standard white-light photo camera before and after letting smoke into the box. (b) 
Thermographic imaging of the metal object through smoke. (c) Holographic amplitude 
reconstruction. This confirms that holography has the same capability of IR imaging to see 
through smoke. 
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3.2 Numerical enhancement: speckle reduction by multiple acquisitions 

Thanks to numerical techniques, further enhancement of the image quality can be quickly 
achieved to offer a quasi-real-time display of what is behind flames and smoke. In fact, any 
kind of imaging system employing a coherent laser source can be degraded by both incoherent 
and, above all, correlated speckle noise [35,36]. Speckle noise is multiplicative noise that 
occurs whenever a coherent light hits targets whose roughness varies on the same scale of the 
employed wavelength. In this case, each detector element records the coherent superposition 
of a number of different scattering contributions. As they experience microscopically different 
paths, their phases can be variable and the result of the coherent superposition to the receiver 
is the typical succession of dark and bright spots known as speckle noise. As a result, the 
quality of the reconstructed hologram in DH decreases in terms of contrast and pixel 
resolution. Due to the nature of the problem, it has been tackled in literature relying on 
statistical approaches. A common way to obtain indications about the speckle extent is to 
measure the speckle contrast as follows: 

 ,C



  (1) 

where σ and μ, respectively, denote the standard deviation and the mean amplitude of the 
image. Furthermore, a punctual measure of the intensity variations due to speckle noise is 
obtainable by calculating the relative deviation as 

  
 ,

, ,
Dev

I x y I
R x y

I


  (2) 

where  ,I x y  is the intensity of the pixel  ,x y  of the reconstructed hologram and I  its mean 

intensity calculated over the whole image. In particular, if a cut of a homogeneous part of the 
original image is chosen, smooth behavior of the plot should be expected. So, any rapid 
variations and sudden spikes in its shape have to be attributed to speckle in those points where 
interference has been strongly destructive. 

In order to reduce the speckle contrast it is possible to exploit some kind of diversity to 
obtain holograms from a set of uncorrelated speckle patterns and average them to obtain a 
multi-look (ML) image. Indeed, it can be shown that the superposition of N statistically 
independent random variables returns a random variable whose variance is reduced by factor 

of 1 N . Hence, the speckle contrast improves a factor of 1 N . 

Let 
1

X  and 2X  be two uncorrelated random variables and let 

 
1 2Y aX bX   (3) 

be a linear combination of them through the coefficients a  and b . After easy manipulations 

it is possible to find that 

 
2 2 2 2 2

.
1 2Y X X

a b     (4) 

Hence, if we denote with 

 
1
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i
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  (5) 

the mean of N  uncorrelated random variables i
X , each with the same mean X Xi

   and 

variance 
2 2

X Xi
  1, ...,i N  , the variance of X  is given by 
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   (6) 
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Since it results in 

 ,
X X

   (7) 

the speckle contrast reduces as 

 
1 1

,
Xi

X XiXi

C C
N N




   (8) 

where Xi
C  denotes the speckle contrast of the single-look (SL) image. Figure 4 shows the 

holographic reconstruction of the bronze statuette placed into the Plexiglas™ box of Fig. 3. In 
particular, we acquired a set of holograms after letting smoke into the box, whose effect is to 
provide a temporal diversity. After proper decimation of the original hologram stack, we 

obtained a subset of 25N   holograms, and for each of them we performed the numerical 

propagation after dropping the zeroth diffraction order and the conjugate term arising in the 

reconstruction process. The reconstructed amplitudes have been averaged and speckle measures 
have been carried out on both the SL and the ML images in terms of the contrast estimators 
defined in Eq. (1) and Eq. (2). 

 

Fig. 4. Target imaging through smoke. (a) Holographic amplitude reconstruction before 
numerical processing and relative deviation corresponding to a homogeneous cut of the image 
(red box in figure). (b) Speckle reduction by processing a time sequence of holograms: multi-
look reconstruction and relative deviation improvement. (c) Amplitude histograms: comparison 
between the single look and the multi-look image. 

Figure 4(a) shows the SL image and the relative deviation calculated over the 
homogeneous area corresponding to the red box in Fig. 4. As expected, the noise is 

responsible for the rapid fluctuations of  ,
Dev

R x y , and the degradation due to the speckle is 

apparent in the amplitude image as well. In Fig. 4(b) the described procedure is sketched and 
the resulting ML output is shown. The ML improvement is clearly appreciable in the 
amplitude image and the relative deviation exhibits a much smoother behavior. This suggests 
that a significant gain has been achieved in reducing the speckle noise by combining multiple 
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acquisitions. This claim is confirmed by the measure of speckle contrast, which decreases 
12% with respect to the SL image. However, a residual correlation between the employed 
frames is present, which in turn results in the gap with respect to the maximum theoretical 
improvement factor, i.e., 20% in the case of N = 25 [see Eq. (8)]. As further validation, we 
calculated the amplitude histograms in a homogeneous test area of both the SL and the ML 
reconstructions. As expressed in Eq. (6), the ML gain results in a smaller variance that is 
apparent in the plots shown in Fig. 4(c). 

3.3 Seeing through flames 

In the second experiment a digital hologram of objects hidden by a curtain of flames was 
recorded. The flames were obtained using candles for the case of a small object and a portable 
mini stove for human-size targets, respectively. 

In this way a large portion of the object was covered by flames, impairing vision also with 
the thermo camera. In fact, in thermographic imaging a lens is used and the whole flame 
emission is collected and focused on some elements of the IR bolometer, causing saturation 
and resulting in blind areas [Fig. 5(a)]. On the contrary, holographic recording shows no such 
problem, allowing us to see through the flames. These capabilities can be explained by some 
intrinsic features of holography. 

First of all, since we used a lensless setup, the IR energy emitted by the flames was not 
focused but distributed over the whole array of camera pixels, avoiding pixel saturation [see 
Fig. 5(b)]. Moreover, an interesting property of a hologram, well known since its discovery 
[37], is that each part of it contains information coming from the whole object, which can be 
used to reconstruct the entire image [5,6]. Similarly, a small subset of sparse hologram pixels 
could be used. Therefore, if some of the camera detector is saturated, the corresponding 
information can be recovered from those elements that have not been affected by saturation. 
In this way DH is able to provide images of the whole scene with no blind areas, thus getting 
rid of the flame emission and demonstrating the power of holographic vision. For the same 
reason, IR-DH allows the vision of objects even if some macro particles, often present in real 
fire-scenarios, obstruct their direct imaging. 

3.4 Human-size holograms 

In this section we show that by IR-DH technology it is possible to record digital holograms 
and visualize (i.e., display on a monitor) objects as large as an adult in a room, as clearly 
shown by the results in Fig. 6. This would be not possible with visible laser radiation. Just to 
give an example, with DH at a visible wavelength (532 nm) at a distance of 2 m from the 
camera, it is possible to successfully record holograms of objects with a maximum size of 15 
cm. On the contrary, at the same distance but by using IR radiation, the size increases up to 85 
cm. This can be easily explained by considering that the ratio between the wavelength and the 
pixel size is much more favorable in the case of IR wavelengths. Indeed, in off-axis digital 
holograms the fringe spacing has to be adjusted in order to satisfy the Whittaker–Shannon 
sampling theorem. In our experimental test, a plastic mannequin 190 cm tall is used as object 
[see Fig. 6(a)] and placed at a distance of 300 cm from the detector. The setup is described 
above and also shown in Fig. 2. 
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Fig. 5. Imaging of a metal object seen through flames of candles. (a) Thermographic 
acquisition and corresponding image. (b) Holographic acquisition and amplitude 
reconstruction. Since no lens is needed, the IR energy is distributed over the whole array of 
camera pixels, avoiding their saturation. 

 

Fig. 6. Holographic capability of imaging human-size objects. (a) White light image of a plastic 
mannequin 190 cm tall used as a test target. (b-f) Holographic reconstruction of the plastic 
human-size mannequin. Holograms acquired using the cylindrical lens setup (b), the scanning 
set-up (c,d,e) and their superposition (f). Digital holography is suited for both small and big 
human-size targets, like adults in a room. 

The laser beam is enlarged by a lens before impinging on the object. However, the object 
beam dimension is limited by the focusing power of the lens and, therefore, only a portion of 
the sample can be fruitfully irradiated. In these conditions we cannot take advantage of the 
increased field of view offered by the longer wavelength because the irradiated area is smaller 
than the maximum recordable size. To obtain an efficient hologram of the entire object, a 
cylindrical lens can be inserted in the optical path in order to obtain an elliptical beam, more 
suitable than the circular one, to illuminate the mannequin. In this way it is possible to exploit 
more efficiently the available beam energy [see the hologram reconstruction in Fig. 6(b)]. 

In an alternative configuration a plane mirror driven by two motion control devices can be 
used to scan the sample surface by the spherical beam, and a sequence of holograms is 
acquired during the scanning process (the duration of the scan is 30 s). In Fig. 6(c), Fig. 6(d), 
and Fig. 6(e) the numerical reconstructions of the most significant frames extracted from the 
video are shown. Finally, in Fig. 6(f) the image obtained is shown superposing the 
reconstructed frames. The same result can be obtained by the optical reconstruction 
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(displaying) of the corresponding holograms in a rapid sequence through an SLM-based setup 
[24]. 

Figure 7 shows a clear example of the advantages of the proposed technique based on 
digital holography with respect to thermographic recordings, comparing live human targets 
imaged through flames. In particular, Fig. 7(a) shows a thermographic image of a man 
standing up behind a flame whose emission completely occludes the man’s body and his face. 
As a consequence, only arms and hands are visible as they are extended over the flame. 
Similarly, the white-light images of Fig. 7(b) and Fig. 7(c), respectively, show a live hand and 
the man with his arms in a different position. Again, the flame emission blinds the detector. 
However, holographic imaging [Fig. 7(d)] allows us to see the man with the tee shirt and eye 
glasses clearly, despite the flames in the line of sight of the recording device, and details of 
the hand are appreciable as well (Media 1). Figure 7(d) has been obtained by means of the ML 
processing described in Section 3.2. Indeed, in case the line of sight between the target and the 
recording device is impaired by the presence of a flame whose emission tends to saturate the 
camera detectors, a set of uncorrelated holograms can be acquired and temporally averaged to 
achieve an improved ML output. In this case the moving flame itself provides a temporal 
diversity, as the spatial distribution of the saturated detector elements change in time and the 
spatial changes of the refractive index due to the flame are time variant as well. Figure 8 
shows the improvement achievable by numerical processing. In particular, in the SL image the 
effect of the saturation is apparent, with dark areas hindering a clear vision of the human 
target behind the flames, while it becomes visible in the ML reconstruction as the missing 
information is correctly restored. In this way more details can be appreciated and a post 
analysis of the scene is possible. 

 

Fig. 7. Imaging of a live human seen through flames. (a) Thermographic image. (Media 1). (b-
c) White-light images of a live hand and the man with his arms in a different position. (d) 
Holographic imaging (Media 1). The flames in this case cover the entire field of view of the 
recording bolometer. 

#181596 - $15.00 USD Received 11 Dec 2012; revised 11 Jan 2013; accepted 15 Jan 2013; published 26 Feb 2013
(C) 2013 OSA 11 March 2013 / Vol. 21,  No. 5 / OPTICS EXPRESS  5389

http://www.opticsexpress.org/viewmedia.cfm?URI=oe-21-5-5379-1
http://www.opticsexpress.org/viewmedia.cfm?URI=oe-21-5-5379-1
http://www.opticsexpress.org/viewmedia.cfm?URI=oe-21-5-5379-1


 

Fig. 8. Imaging of a human target behind a flame. Left: SL holographic reconstruction. Right: 
ML amplitude image. 

4. Conclusions 

We claim the holographic imaging technique is useful to see through both smoke and flames 
apart from their origin, i.e., the type of combustible material. In fact, the output of this 
interferometric imaging method does not depend on the frequency of the emission spectrum. 
It is noteworthy that human-size targets can be imaged by DH with IR radiation, thus allowing 
its application to a wide set of real fire scenes. In these cases, the lensless configuration plays 
a key role since the detector is not blinded by flame emission, which is the main impediment 
for thermographic imaging. A further advantage of the proposed technique is that, through a 
numerical processing of the acquired holograms, is possible to improve a posteriori the image 
quality. This feature could be exploited if, for example, it is necessary for a posteriori analysis 
of a fire scene. We believe the results reported in this paper can open a route for making an 
imaging technique available that is able to see through fire and possibly to give a completely 
new chance for saving human lives. 
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