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Scanning diffracted-light photography using
white-light and thermal radiation sources
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A 4-f imaging arrangement of lenses with a camera and a rotating slit placed at the Fourier plane of the system was
used to obtain the optical disturbance produced by a macroscopic sample. The sample was illuminated by colli-
mated beams from white-light and thermal radiation sources. The agreement between simulated and experimental
results, obtained by processing the captured images using a Fourier ptychographic algorithm, demonstrates that
scanning with the slit the direction of the light diffracted by the sample permits achieving the image diversity

necessary for successful implementation of the scanning diffracted-light imaging technique.
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1. INTRODUCTION

Ubiquitous charge coupled device (CCD) cameras used in
modern imaging systems are sensitive to the intensity of light.
Therefore, common photographs taken with a CCD camera
placed in the real plane (RP) of an optical system are often
intensity images [1,2]; i.e., the CCD camera measures the am-
plitude, a r , square corresponding to the complex optical dis-
turbance, a r ¢'P ", emitted by the object being photographed
[3]. This statement is valid for intensity images collected by
CCD cameras attached to a variety of imaging instruments
such as optical microscopes, telescopes, and commercial photo-
graphic cameras [1-3]. A considerable capability expansion of
such imaging devices can be achieved by developing methods
for allowing CCD camera-based devices to also image the
phase, p r , of the optical disturbance (OD). Different ap-
proaches have been developed for extracting phase information
from the images formed in cameras placed in the RP and in the
Fourier plane (FP) of imaging instruments. For instance, RP
images in interferometric imaging systems are not proportional
toa r 2, butarecord of an interference pattern from which the
complete OD associated to the object being imaged can be
numerically extracted [3—-6]. However, interferometric imaging
systems are generally more vulnerable to vibrational noise, thus
requiring more complex and more expensive hardware than
that used in common imaging systems. Alternatively, in non-
interferometric phase-recovery imaging methods, the OD is
recovered using an iterative numerical algorithm from a set of
intensity images [7-19]; therefore, non-interferometric phase
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recovery imaging methods often require a longer time to pro-
duce an image when compared to common imaging systems.
Nevertheless, the always-growing diversity of imaging requires
the development of a large variety of novel OD imaging sys-
tems. In this work, we focus our attention on the growing body
of research dedicated to the Fourier ptychographic imaging
(FPM) technique, which is a non-interferometric phase-recovery
imaging technique based on the collection of a set of intensity
RP images obtained by illuminating the object under observa-
tion from different directions one at a time [16-18]. Originally,
the FPM technique was applied to optical microscopy [16-20],
but later it was extended to imaging the OD produced by mac-
roscopic objects [21]. The so-called aperture-scanning Fourier
ptychography technique was developed for three-dimensional
refocusing of macroscopic objects using a common 4-f imaging
system, a CCD camera, and a translating circular slit placed
in the FP of the optical system [21]. This technique relies on
obtaining each intensity RP image with the circular slit translated
to a different position in the FP [21], which is different from
FPM, where each intensity RP image is obtained using a differ-
ent direction of illumination [16-20]. Recently, the aperture-
scanning Fourier ptychography technique was applied to micros-
copy, and by substituting the circular translating aperture by a
rotating slit placed in the back focal plane of the microscope’s
objective lens, it was extended and generalized [22,23]. In
scanning-diffracted light (SDL) imaging, the sample is illuminated
by a fixed illumination pattern. A moving aperture, which may
move in different ways and may have a variety of possible


mailto:hawra.alghasham@ttu.edu
mailto:hawra.alghasham@ttu.edu
mailto:hawra.alghasham@ttu.edu
https://doi.org/10.1364/AO.57.009997
https://crossmark.crossref.org/dialog/?doi=10.1364/AO.57.009997&domain=pdf&date_stamp=2018-11-27

9998 Vol. 57, No. 34 / 1 December 2018 / Applied Optics

shapes, scans in the FP of the optical system the light diffracted
by the sample. Different spatial frequencies pass through the
aperture at each step; therefore, a set of different images of
the sample is collected in the RP of the optical system.
These images are then processed using a FPM-like numerical
algorithm [23]. It should be noted that in non-interferometric
phase-recovery techniques such as ptychography microscopy
(PM) [11-15], FPM, and SDL imaging, a set of different in-
tensity images is processed using a numerical algorithm, which
is based on repetitive use of Fourier transform operations.
Different experimental methods are used in FP, FPM, and
SDL imaging for achieving the required image diversity. In FP,
image diversity is achieved by scanning the sample [11-15]. In
FPM, the sample is fixed, and image diversity is achieved by
scanning the direction of illumination [16-20]. SDL imaging
provides another method for obtaining the required image di-
versity. In SDL imaging, the sample and the illumination are
fixed, and image diversity is obtained by scanning the direction
of the light diffracted by the sample. In this work, we imple-
ment for the first time, to the best of our knowledge, the SDL
imaging technique using a rotating rectangular slit for imaging
the OD corresponding to a macroscopic object. It is worth not-
ing that the SDL imaging technique discussed here can also be
implemented in telescopes. SDL telescopes placed outside the
Earth's atmosphere could open a new phase-imaging window
for observing the universe. We performed two sets of proof-
of-concept experiments: one using white light and other using
thermal radiation. The last one is particularly interesting
because it is the first time that an FPM-like technique is dem-
onstrated using thermal radiation. SDL photography may have
multiple applications including, but not limited to, phase im-
aging photography and SDL telescopes. It is well known that
partially coherent white light is sufficient to implement FPM
[16-20]; therefore, presented experiments using thermal radi-
ation tested the coherence requirement limits of SDL imaging.
It is worth noting that in this work, we do not use LEDs for
obtaining partially coherent illumination [16—20], but we used
for this porpoise a combination of an incoherent illumination
source and a spectral filter [23]. We used a rotating rectangular
slit placed at the FP of a 4-f imaging system for scanning the
direction of the light diffracted by a macroscopic object, which
was illuminated in all the experiments by a single collimated
beam. Consequently, the light collected by the CCD and the
thermal camera was the light diffracted by the sample that was
transmitted through the slit; therefore, the image diversity re-
quired by the successful convergence of the Fourier ptycho-
graphic algorithm was achieved because, in general, images
obtained with different slit orientations are different [23].
The rest of this paper is organized in the following manner.
In Section 2, we describe the samples, the experimental
arrangements used in this work, and the experimental images
obtained. In Section 3, we describe the SDL imaging algorithm
and discuss SDL photography simulations made with this
numerical algorithm. Then in Section 4, we present the results
obtained after processing the experimental images with the
numerical algorithm discussed in Sections 3. Finally, the con-
clusions of this work are presented in Section 5.
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2. EXPERIMENTS

Figure 1 shows the schematic illustrations of the two experi-
mental setups used in this work.

Figure 1(a) shows the schematic illustration of the 4-f pho-
tography arrangement used in the experiments with white-light
illumination. Using a lens (not shown), we coupled light pro-
duced by a 4.8 W white-light emitting lamp to an optical fiber
terminating in a cylindrical collimator, with a diameter of

3 cm, for producing a white-light collimated beam. We used
two biconvex lenses with a focal length of 10 cm separated by a
distance of 20 cm. A color CCD camera placed in the RP of the
optical arrangement collects the intensity image of the sample,
which was in this case a 20 lines/mm Ronchi-ruling with a
period p 50 m. A rotating slit was placed at the FP of the
4-f arrangement. The slit rotated around the center of the FP
(k 0 FP point). In addition, a spectral filter with center
wavelength 570 nm and 10 nm bandwidth was inserted
in the path of the diffracted light for increasing the coherence
length of the light used for imaging. We determined the im-
aging system sketched in Fig. 1(a) has a numerical aperture
NA, 0.02. Figure 1(b) shows the 4-f photography arrange-
ment used in the set of experiments where the sample was
illuminated with a collimated beam of thermal radiation. A
640 x 480 pixel thermal camera connected to an internal
12 mm manual focusing lens was used for collecting the inten-
sity image of the sample, which was a metallic mesh with square
lattice symmetry and period p 400 m. A spectral filter with
center wavelength 95 mand 0.5 0.1 m bandwidth
was also inserted in the path of the diffracted light. A custom-
made thermal source heated at 200°C, which was made using
an electrical solder and terminates in a cylindrical carbon head
with a diameter of 3 c¢m, was used for illuminating the sam-
ple. In the experimental setup sketched in Fig. 1(b), a rotating
slit was placed in the back focal plane of a biconvex infrared-
coated ZnSe lens with 50 mm focal length. We determined the
imaging system sketched in Fig. 1(b) has a numerical aperture
NA, 0.025. The common characteristics of the two sets of
experiments conducted in this work were the illumination of
the sample with a collimated beam, placement of a rotating slit
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Fig. 1. Schematic illustrations of the experimental setups using
(a) white-light and (b) thermal sources.
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Fig. 2. Examples of experimental intensity RP images obtained with
the experimental setup using (a), (b) white light and (d), (e) thermal
radiation with the slit orientated at = (a), (d) 0° and (b), (e) 80°.
(c)—(f) Photographs, obtained using a common camera without any
slit, of the samples used in the experiments using (c) white light and
(f) thermal radiation.

in the FP of the imaging system, and collection of different
intensity images of the sample for various orientations of the
rotating slit. In the two sets of experiments, the slit, which
produced in the FP a rectangular aperture with a width
W 0.01 and a length equal to NA, in numerical aperture
units, was rotated around the center of the FP from 0° to 180°
angles ( ) with a 20° increment. The fraction of the FP area
defined by the imaging system NA,, which is covered by
the slit, depends on the width of the slit and the imaging system
used. The angle increment was chosen to guarantee a superpo-
sition larger than 60% between the FP regions sampled by the
slit in two consecutive orientations. Therefore, nine intensity
RP images were obtained for each configuration. Figure 2
shows representative RP intensity images obtained with the
two experimental setups sketched in Fig. 1.

Figures 2(a) and 2(d) show intensity RP images obtained
with the experimental setup sketched in Figs. 1(a) and 1(b),
respectively, with the slit oriented at 0°. 0° in the ex-
perimental setups shown in Figs. 1(a) and 1(b), respectively,
corresponds to the slit oriented at an angle of 90° and 105°
with respect to the sample’s vertical periodicity seen in these RP
images. When the slit was rotated by 80°, the obtained RP im-
ages changed in the two sets of experiments. Figures 2(b) and
2(e) show the RP images obtained, when 80°, with the
experimental setup sketched in Figs. 1(a) and 1(b), respectively.
Figures 2(c) and 2(f) show common photographs of the sam-
ples used in the experiments using white light and thermal
radiation, respectively. These two photographs were obtained
using a common camera without the slit. It is worth noting
that none of the RP images in Figs. 2(b), 2(d), and 2(e) shows
the correct structure of the samples. In Fig. 2(b), the periodic
structure with p 50 m of the Ronchi-ruling used as the
sample is not visible. In Figs. 2(c) and 2(e), only the periodicity
of the sample in one direction is clearly seen, despite the square
symmetry of the metallic mesh used as a sample. We performed
detailed simulations of the two sets of experiments to investi-
gate the origin of the image diversity produced by the rotat-
ing slit.

3. SDL PHOTOGRAPHY SIMULATIONS

Figure 3 shows a schematic illustration of the SDL imaging
algorithm flowchart. In short, the phase of the OD is lost dur-
ing the measurement in the camera; however, the SDL imaging
algorithm permits to recover the unmeasured phase from a set
of RP intensity images obtained as described in Section 2, i.e.,
using perpendicular illumination and obtaining a different
image for a different slit orientation. A detailed description
of the SDL imaging algorithm has been recently reported [23].
Nevertheless, for completion, we also include details of the
mathematical algorithm.

As shown in block (1) in Fig. 3, the SDL imaging algorithm
starts assuming some initial approximation m 0 for the
amplitude a,, o r andphase p, o r ofthe RP-OD. Then,
as shown in block (2) in Fig. 3, the first actual approximation
(m 1,j 1) ofthe FP-ODs is calculated by applying a two-
dimensional (2D) Fourier transform operation (F) [23]:

AL K ePmik  Fa, grefmor: 1)
In Eq. (1), r and k are 2D vectors defined in the RP and FP,
respectively. A rectangular window W, corresponding to
the physical slit placed at the objective focal plane, as shown
in Fig. 1, is defined in the FP with length NA,, width W g,
and centered at k 0. As shown in block (3) in Fig. 3, the rec-
tangular window is then rotated with respecttok 0 at an an-
gle ;. Then, as shown in block (4) in Fig. 3, Eq. (2) is used to
calculate the first approximation to the amplitude A, 1; 1 K
and phase Py, 1; 1 k corresponding to the FP image that
would be observed when the slit is oriented at the angle ; [23]:

Anj k Pk AR PR W )

Then, as shown in block (5) in Fig. 3, the amplitude a; r
and phase py; r corresponding to the related RP image are
calculated by applying a 2D inverse Fourier transform operation
F1 o[23]
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Fig. 3. SDL imaging algorithm flowchart.
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As shown in block (6) in Fig. 3, as in FPM [16-20], in SDL
imaging, the calculated amplitude of the RP image ap; r
is substituted by the amplitude of the corresponding experimen-
tal or simulated RP image a; r . Then, asshown in block (7) in
Fig. 3, the amplitude and phase corresponding to the FP image
that would be observed when the slit is oriented at the angle  ; is
recalculated using the following equation [23]:

iPre iy T .
ARG k e Farefmi® Wg ;: 4)

Equations (2) and (4) are different in the FPM algorithm
[16,20]; therefore, using Eqs. (2) and (4) is a distinctive feature
of the SDL imaging algorithm. This is a fundamental distinction
between FPM and SDL imaging. In FPM, image diversity is
achieved by changing the illumination direction. In this work,
the illumination direction is fixed, and image diversity is achieved
by scanning the direction of the light diffracted by the sample
using a rotating slit, which is placed in the FP of the optical sys-
tem. Alternatively, this can be accomplished translating in the FP
a circular slit [21]. We foresee that other ways to scan the direc-
tion of the light diffracted by the sample will be studied and
validated in the near future. Next, as shown in block (8) in
Fig. 3, the updated approximation of the FP-OD is calculated
by adding a weighted difference between the calculated and re-
calculated FP-ODs, obtained for the slit orientation  j, to the
actual approximation of the FP-OD given by Eq. (1), i.e., using
Eqg. (5) [23]:

. d .
A;'qud K eiPmi K Az eiPim; K

AR kePmi K ALk ek (5)

As indicated by the arrow between blocks (8) and (2) in Fig. 3,
after the initial approximation of the FP-OD is updated, the up-
dated FP-OD is used as the actual approximation (j ~ 2). The
operations indicated by the red arrows in Fig. 3 are successively
done for each slit orientation (indicated by the sub-index j). This
constitutes the first iteration (m 1) in the SDL imaging algo-
rithm, and the algorithm should converge after several iterations.
Finally, as shown in block (9) in Fig. 3, the 2D Fourier transform
of the FP-OD gives the final RP-OD. We performed a complete
simulation of the two sets of experiments described in Section 2.

First, we obtained two sets of nine simulated RP images. The
nine simulated RP images in each set correspond to the nine
experimental RP images obtained with one of the experimental
setups sketched in Fig. 1. The simulated RP images were calcu-
lated assuming an OD at the sample’s plane with amplitude and
phase, with the known periodicity of the sample plus 3% of ad-
ditive random (uniform) intensity and phase noise. As expected,
a good correspondence was observed between the simulated RP
images shown in Fig. 4 and the corresponding experimental
images shown in Fig. 2.

Figures 4(a)-4(d) show two examples of pairs of simulated
FP and RP images, which were obtained assuming the exper-
imental setup sketched in Fig. 1(a). The simulated RP images
shown in Figs. 4(b) and 4(d) are in good correspondence with
the experimental images shown in Figs. 2(a) and 2(b), respec-
tively. As illustrated in the simulated FP images shown in
Figs. 4(a) and 4(c), a rotation of the slit from 0° to 80°
results in sampling different regions of the FP. As pointed
by arrows in Fig. 4(a), the light diffracted by the sample that
produces the zero- and first-order diffraction spots passes
through the slit at 0°, but, as seen in Fig. 4(c), only the
light producing the zero-order diffraction spot can pass through
the slit oriented at 80°. This explains why the periodic
structure of the Ronchi-ruling sample can be seen in the exper-
imental RP image shown in Fig. 2(a), but not in the experimen-
tal RP image shown in Fig. 2(b).

Figures 4(e)-4(h) show two examples of pairs of simulated
FP and RP images, which were obtained assuming the exper-
imental setup sketched in Fig. 1(b). The simulated RP images
shown in Figs. 4(f) and 4(h) are in good correspondence with
the experimental images shown in Figs. 2(d) and 2(e), respec-
tively. In these experiments, as shown in Fig. 4(e), the initial
position of the slit 0° was chosen such that the slit forms
an angle of 105° with the sample’s vertical periodicity. As a con-
sequence, in addition to the light diffracted by the sample that
produces the horizontal zero- and first-order diffraction spots,
light producing additional diffraction spots also passes through
the slit oriented at 0°. This produces the textured vertical
lines observed in the simulated RP image shown in Fig. 4(f),
and in the corresponding experimental RP image shown in

Fig. 4. Examples of pairs of simulated FP and RP images corresponding to the experimental RP images obtained with the experimental setup
using (a)—(d) white light and (e)—(h) thermal radiation with the slit orientated at = [(a), (b) and (e), (f)] 0° and [(c), (d) and (g), (h)] 80°. Arrows

point to zero- and first-order diffraction spots.
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Fig. 2(d). Similarly, as shown in Fig. 4(g), when the slit is ro-
tated by 80°, in addition to the light diffracted by the sample
that produces the vertical zero- and first-order diffraction spots,
light producing additional diffraction spots also passes through
the slit. This produces the textured horizontal lines observed in
the simulated RP image shown in Fig. 4(h), and in the corre-
sponding experimental RP image shown in Fig. 2(g).

We then processed, using the SDL imaging algorithm, each
set of nine simulated RP images. The SDL imaging algorithm
starts by assuming an initial approximation of the RP-OD. As
this is often chosen in FPM [16-20], we choose p r 0 and
a r as the amplitude corresponding to a low-resolution RP
image obtained with the same experimental setup but without
the slit. We implemented the SDL imaging algorithm using
MATLAB code [24] and using nearest neighbors interpolation
for the rotating slit operation. Figure 5 shows the simulation
results corresponding to the two sets of experiments.

The simulation results obtained after 10 iterations of the
SDL imaging algorithm, where nine previously simulated RP
images corresponding to the experimental setups sketched in
Figs. 1(a) and 1(b) were processed, are shown in Figs. 5(a)-
5(c) and 5(d)-5(f), respectively. From left to right, each set
of figures includes the synthetic intensity FP image and corre-
sponding intensity and phase RP images. In the two cases, the
intensity and phase RP images exhibit the known periodicity of
the samples. Using a standard metric for quantitative compari-
son of the exact and simulated RP-ODs [25,26], we obtained
(square root of the mean square error) RMS values 0.006 and
0.005, which are small values, for simulations corresponding to
the experiments with white light and thermal radiation, respec-
tively. This strongly suggests that processing the experimental
RP images with the SDL imaging algorithm should permit
to recover the unmeasured phase of the RP-OD. Besides the
periodic phase, in the RP phase images shown in Figs. 5(c) and
5(f), the random phase noise introduced while simulating the
RP images is also observed. In excellent correspondence with
the periodicity seen in the RP intensity and phase images, sev-
eral diffraction spots [pointed out by arrows only in Fig. 5(a)]
are present in the synthetic FP images shown in Figs. 5(a) and

Fig. 5. (a), (d) Synthetic intensity FP images, (b), (¢) RP intensity
images, and (c), (f) RP phase images, which were obtained by processing
with the SDL imaging algorithm the simulated RP images correspond-
ing to the experimental setup using (a)—(c) white light and (d)—(f) ther-
mal radiation. Arrows point to zero- and first-order diffraction spots.

Fig. 6. Assumed (a) amplitude and (b) phase of the OD correspond-
ing to an arbitrary sample. Obtained RP-OD’s (c) amplitude and
(d) phase by processing with the SDL imaging algorithm nine simu-
lated RP images.

5(d). In addition to performing a complete simulation of the
two sets of experiments described in Section 2, we performed a
more general SDL imaging simulation for an arbitrary sample,
which, we assumed, is observed with the experimental set up
sketched in Fig. 1(a). Nine simulated RP images were obtained
as described above. As expected, a larger number of iterations of
the SDL imaging algorithm was needed for an arbitrary sample
when compared to periodic structures. The results of processing
the nine simulated RP images with the SDL imaging algorithm,
after 100 iterations, are shown in Fig. 6.

Figures 6(a) and 6(b) show, respectively, the assumed exact
amplitude and phase of the OD corresponding to the arbitrary
sample. To start the simulation, we used images of large objects
of high interest (stars and clouds in the sky), which could be
photographed using a telescope or a camera, for highlighting
the potential applications of the SDL imaging technique.
The amplitude and phase of the RP-OD obtained by process-
ing the nine previously simulated RP images, after 100 itera-
tions of the SDL imaging algorithm, are shown in Figs. 6(c)
and 6(d), respectively. Most of the notable features in Fig. 6(b)
are present in Fig. 6(d), therefore suggesting that SDL photog-
raphy should also permit to recover the unmeasured phase of
the RP-OD for arbitrary samples. A quantitative comparison
between the exact and simulated RP-ODs produced an
RMS = 0.008. We attribute the small phase errors in Fig. 6(d)
to an insufficient number of images. Nine intensity RP images
seems adequate for imaging the simple periodic phase of a
Ronchi-ruling, but it may be not enough to recover the intri-
cate details of the OD phase produced by an arbitrary sample.
A comprehensive simulation study of the applicability of the
SDL imaging algorithm for arbitrary samples will be reported
elsewhere.

4. PROCESSING THE EXPERIMENTAL IMAGES
WITH THE SDL IMAGING ALGORITHM

We processed the two sets of experimental RP images following
the same procedure described in Section 3 for the simulated RP
images. Figure 7 shows the obtained results.
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Fig. 7. (a), (d) Synthetic intensity FP images, (b), (¢) RP intensity
images, and (c), (f) RP phase images, which were obtained by process-
ing with the SDL imaging algorithm the experimental RP images taken
with the experimental setup using (a)—(c) white light and (d)—(f) thermal
radiation. (g), (h) Horizontal line profiles corresponding to (c) and (f),
respectively. (i) Vertical line profile corresponding to (f).

The results obtained after 10 iterations of processing with
the SDL imaging algorithm the nine experimental RP images,
which were obtained with the experimental setups sketched in
Figs. 1(a) and 1(b), are shown in Figs. 7(a)-7(c) and 7(d)-7(f),
respectively. From left to right, each set of figures includes the
synthetic intensity FP image and corresponding intensity and
phase RP images. In the two cases, the intensity and phase
RP images exhibit the known periodicity of the samples.
Figure 7(g) shows a line profile taken along the horizontal di-
rection in the phase image shown in Fig. 7(c). Figure 7(h)
shows a line profile taken along one of the slightly inclined
lines, in respect to the horizontal direction, which are clearly
visible in the phase image shown in Fig. 7(f). Figure 7(i) shows
a line profile taken perpendicularly to those lines in the phase
image shown in Fig. 7(f). In all cases, the line profiles show the
known periodicities of the samples. This demonstrates that
processing the experimental RP images with the SDL imaging
algorithm permits to recover the unmeasured phase of the
RP-OD. A comparison of simulation results shown in Fig. 5
and the results obtained using the experimental images reveals
good correspondence between simulations and experiments.
We attributed to the low coherence of the used illumination
sources the lower contrast in the RP phase images shown in
Figs. 5(c) and 5(f) when compared to the simulated RP images
shown in Figs. 7(c) and 7(f). As the degree of coherence in the
imaging system is determined by the bandwidth of the spectral
filter used, we expect that better results could be obtained using
bandpass spectral filters with smaller bandwidths. Similar to
FPM, the SDL imaging algorithm assumes coherent illumina-
tion. However, as in FPM, the good correspondence between
simulated RP images (Fig. 4) and experimental RP images
(Fig. 2), and between simulations (Fig. 5) and results obtained
using experimental images (Fig. 7), demonstrates that partially

coherent illumination is enough to successfully implement the
SDL photography technique. It should be emphasized that
there is lack of point-to-point correspondence between the ex-
perimental or simulated RP images shown in Figs. 2 and 4,
respectively, and the real sample structure. This is a natural con-
sequence of the presence of the slit in the FP of the optical
system. This does not result in distortion of the recovered
RP-OD but is a necessary condition for the successful conver-
gence of the SDL imaging algorithm to a RP-OD, in which
the module square has a point-to-point correspondence to
the sample’s structure. Nevertheless, it is possible that in addi-
tion to diffraction by the slit, which is included in the SDL
imaging algorithm, some amount of additional scattering could
be produced by the interaction of the light with the slit. This
additional scattering could occur whatever the shape of the
slit is, and it may contribute to the small distortion observed
in the recovered RP-OD. It is also important to understand that
the recovered RP-OD is not the OD that could be observed
during the experiments in the RP of the imaging system,
but the OD that could be observed if the sample was illumi-
nated with a coherent plane wave impinging perpendicularly to
the sample.

5. CONCLUSION

We presented proof-of-concept experiments and simulations
demonstrating the SDL photography technique, which permits
to image the intensity and phase of the OD when the sample is
illuminated by a collimated beam from either a white-light or
thermal radiation source. A rotating slit placed in the FP of the
optical system scanned the direction of the light that was dif-
fracted by the sample. Images of the sample obtained for differ-
ent slit orientations are different. This provides the required
image diversity for successful convergence of the presented SDL
imaging algorithm.
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