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ABSTRACT

A method of a three-dimensional surface reconstruction of the retina in the area of the papilla is presented. The surface recon-
struction is based on a sequence of discrete gray-level images of the retina recorded by a Scanning Laser Ophthalmoscope
(SLO). The underlying assumption of the developed surface reconstruction algorithm is that the depth information is also
encoded in the brightness values of the single pixels beside the ordinary spatial 2D information. The brightness of an image
position depends also on the degree of reflection of a confocal laser beam. Only these surface structures produce a high
response of the focused laser light, which are located directly in the focus plane of the confocal laser beam. The occurring
disparities between the single images of a sequence are considered to be approximately linear and are corrected by applying
the cepstrum technique. The depth information is estimated out of the volumetric representation of the image sequence by
searching the maximal value of the brightness within a computed depth profile at every image position. In the resulting range
images disturbances which occur during the recording cause wrong local estimations of the depth information. These local
disturbances are corrected by applying especially developed surface improvement processes. The work is completed by inves-
tigating several different approaches to reduce the noisy and disturbances of SLO image data.

1. INTRODUCTION

Changes of the volume and morphology of the Papilla Nervi Optici (blind spot), subsequently called papilla, can be found at
diseases with raised intraocular pressure. A hypertension or high blood pressure with a continuous raising of the blood pres-
sure of values greater than 140 mmHg systolic and greater than 90 mmHg diastolic causes irreversible damages of the retina.
This retinopathia often goes along with an oedema of the papilla [8]. All other space requiring processes like the growth of
small tumors with the compression of the optic nerve also cause changes of the structure of the papilla [6].

For an early recognition or diagnosis of this ophmopathia a 3D reconstruction of the papilla could be very helpful. By the
application of this method, changes of the morphology of the papilla and its surroundings can early be detected comparing
different investigations. So the diagnosis and the therapy may be improved.

The confocal laser beam of the Scanning Laser Ophthalmoscope (SLO) scans an object focused relatively to a fixed area
called focus depth or focus plane [9] (Fig. 1). During scanning only those structures of the eye ground which are exactly
located in the focus plane reflect optimally the confocal laser beam. Moreover, the confocal laser beam at those locations will
be reflected substantially stronger than at areas before or behind the actual focus depth. Therefore, the recorded SLO images
also contain depth information beside the 2D information. Within the gray-level images recorded at different but certain focus
planes, bright structures, i. e., image parts with high gray-level values, finally correspond to those eye ground structures which
are exactly located in the focused plane.

Fig. 1: Extracts of a SLO recording sequence in the range of the papilla from a focus depth of +0.2 dpt (upper left) up
to -1.5 dpt (lower right) with increasing degree of saturation in the bottom of the papilla.
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Therefore, these bright structures indicate the relation of a surface boundary to the considered focus depth and are called
»relevant” in the following. Figure 2 shows typical examples out of a SLO sequence with marked bright structures which are
located near the used focus depth. While the depth information is encoded in the gray-level values of each pixel position, the
brightness represents the distance between the surface boundary and the focused plane of the confocal laser beam.

The presented reconstruction method of the surface structure is based on the brightness information of these slice images
recorded by a Scanning Laser Ophthalmoscope (SLO). The records are 8-bit gray-level images of the size of 1024x512 pixels.
The useable image information encloses an area of about 700x450 pixels or less because of image borders and included
descriptions. The focus depth varies stepwise in distances of 0.05 dpt from -1.5 dpt up to +0.2 dpt with a total investigation
time of about five minutes for the whole sequence. A sequence of 32 images (slices) is scanned within this range during one
investigation. To reduce the computing cost of the surface reconstruction only the region of interest (ROI) containing the
papilla and its surroundings is extracted out of all images (Fig. 1).

relevant relevant

Fig.2: The first (at +0.2 dpt), the middle (at -0.55 dpt) and the last slice (at -1.5 dpt) of a SLO-sequence of 32 records
are shown. These images represent focus planes with decreasing distances to the Papilla from left to right. The
brighter areas within the images are relevant surface positions for the following surface reconstruction.

After the short introduction of the basics of the Scanning Laser Ophthalmoscope (SLO) data generation an approach to correct
the occurring disparities is presented. The investigated Cepstrum technique is introduced for the one dimensional case, then it
is described for two dimensions and at least the adaptation of the Cepstrum to the SLO data is presented. The different steps of
the developed surface reconstruction method are described in chapter 3 and 4. Some possibilities to optimize the reconstruc-
tion method by using a replacement-tolerance or applying a recursive proceeding are presented at the end of the paper.

2. DISPARITY CORRECTION

It is necessary to remove the disparities which may occur in X- and Y-direction between the single slices of the image
sequence before a reconstructioh of the surface can be computed. The disparities are not avoidable, because there are minor
delays up to 1 sec. for storing the image data from one image to the next. The reason is that the patient is not able to keep
absolutely still his eyes during the whole recording time. Due to these shifts of corresponding image structures in one sequence
it is not possible to build an errorless 3D volume of the image data. Since these disparities are small compared to the size of
the whole images, they are considered to be approximately linear. Therefore, the contained complex disparities are only con-
sidered as linear shifts in X- and Y-direction. Assuming a linear displacement of the image structures in X- and Y-direction,
the amount and the direction of the displacements from one image to the next can be calculated by applying the Power Cep-
strum [2], subsequently called cepstruml.

2.1. Theory of the cepstrum technique for one dimension

The cepstrum was first described as an heuristic method to determine the echo response time in one dimensional, composed
seismographic signals by Bogert et al. [1]. One of the major properties of this method is the applicability to disturbed and
noisy signals. The cepstrum of a function g(x) is defined as the power spectrum of the logarithm of the power spectrum of that
function [5]: Cepstrum {g(x)}=||F {log (| 7 {gx) I }I?3 where 7 {.} represents the Fourier transform.

'an anagram of the word spectrum
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The delay echo of an 1D signal becomes manifest as cosine wave in the logarithm of its power spectrum. The frequency of this
wave is determined by the power spectrum of the logarithm of its spectrum. A peak at the period time of the cosine wave
appears in its power spectrum. Since the logarithm of the spectrum is a function of the frequency, so the unit of the frequency
of this cosine wave is oscillation per oscillation per time, i. e. the time itself [1]. Therefore, the unit of the abscissa in the cep-
strum is the time unit, too. So the echo response time can easily be determined by detecting the time of the first peak in the
cepstrum signal. This method is extended to 2D signals or image data to calculate spatial displacements of two corresponding
images [10].

Fig. 3:

Attachment of a test image
(D=128) with its corresponding
shifted (x = 20, y = 30) image in
a 4Dx2D-window as used as
input signal for the 2D power
cepstrum.

2.2. Cepstrum technique for 2D image data

In the digital image processing the cepstrum is used as a method to detect the direction and the amount of linear shifts of
image structures between two different images of one object [10]. For the application of the cepstrum the two images, for
which the shift has to be determined, are attached to each other and inserted into a surrounding window. Figure 3 shows this
attachment for a shifted test image of size D = 128. Due to the application of the FFT with the cepstrum, all image sizes D are
expressed in powers of two. The size of the surrounding window is 4Dx2D. By this attachment a horizontal shift D (image
width) is included in the shift to be determined, which has to be taken into account at the calculation of the result [5, 10]. The
application of the cepstrum to a signal f(x,y) = s(x,y)+s(x - x,,y—¥,) which is composed of two identical parts where
one is only shifted by (xo, yo) yields:

b é —n-Xxe, y—n-)yo)
Cepstrum{f (x,y)} = Cepstrum{s(x, y)} + 2 o xn o
n = —©

i. e. there is a strong component in the resulting signal exactly located at the site of the shift (xo, yo). The principle of the cep-
strum technique applied to 2D data is shown in Figures 3 and 4 with a test image.

Fig. 4:

Cepstrum signal of Fig. 3 with
the area marked to which the
search for the peak caused by the
shift can be restricted. In the
middle of the two circles the
resulting peaks are shown. They
are located mirrored by the
origin.
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After the application of the cepstrum two peaks can be detected mirrored by the origin (Fig. 4). While the amount of the shift
to be determined is well expressed and the artificial shift D caused by the included attachment the resulting peak signal is
differs enough from the zero frequency. The searched peak position for the disparity correction can now easily be determined
using a maximum search algorithm. The maximum search, however, can be restricted to the range of D/2 up to 3D/2 because
of the known shift D [10]. By insertion of two DxD images in a surrounding window of a size of 4Dx2D the maximum search
can be carried out in a continuous region from D/2 to 3D/2 referred to the origin located in the center of the resulting 2D
signal. The known zero shift D has to be subtracted from the determined coordinates of the maximum in the considered region
to get the shift vector to be detected of the image at the end of the calculation.

2.3. Cepstrum applied to SLO images

Only image parts of a size of DxD pixels (in this case: D = 256) at a fixed central position are selected to determine the dis-
parities of all slices of a sequence. These image parts should contain the structure of the papilla but this is not strictly necessary
for the displacement detection. Due to the insensitivity to noise of the cepstrum algorithm a preprocessing of the images with a
filter is not necessary. While the disparity correction algorithm can only be calculated for two slices of an image sequence
which are directly neighboured, the disparity correction of the whole image sequence has to be computed sequentially from
one image to its neighbour.

While attaching two neighboured SLO images an artificial vertical shift D, is also added to the secondary image. This is neces-
sary to move the signal of the shift out of the area of the zero frequencies of the cepstrum, because the amount of the shift may
often be very small or zero. The expected signal of the included disparity would be hidden by the cepstrum signal itself with-
out an additional vertical shift.

Applying this method to all neighbouring image pairs of a sequence, the shift vectors which are needed can sequentially be
calculated. Then the resulting vectors are added from one image to the next to determine the summed shift relative to a refer-
ence image. Figure 5 shows two examples of an image pair out of a SLO sequence before and after the disparity correction.

Fig. 5: Pairs of two neighboured SLO images, on the left before the disparity correction by the cepstrum, on the right
after application of the cepstrum and shifting by the detected vector. In the upper line a sample out of the
beginning of the sequence is shown, in the lower line a sample out of the end of the sequence.

3. SURFACE RECONSTRUCTION

According to the previously discussed data generation of the SLO technique, the recorded images also contain depth informa-
tion beside the ordinary spatial 2D information. The degree of the reflected laser-light is encoded in gray-values of every pixel
position - the higher the value (brighter) the stronger the reflectance and the nearer the surface boundary of the eye ground is
located to the focus plane of the confocal laser beam.
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The single images of the disparity corrected sequences are sorted according to the distance between the fundus and the focus
plane of the confocal laser beam. The order of the sorted image sequences is defined with decreasing dioptrie values, i.e. from
front to back beginning with the slice index no. 0 at the front. At each image position a ‘depth-profile’ P is derived out of the
gray-values in order of the sorted image sequence. The depth profile P (x,y) at a fixed pixel position (x,y) is defined as the
set of pixels (x,y,z) sorted by the z value or depth information:

Px,y ‘= {I (x’ » zo)a ey 1 (x! Y Zn-l)}
P,(@:=1(xy2) withz == z,, ..., z,,;,
I (x,y,2) is the intensity or the brightness at the position (x,y,z) and » is the number of slices of a SLO image sequence. While

the brightness value of a pixel position (x,y) also encodes the depth of the surface boundary, the position of the maximal

brightness value within this profile is determined.
Let P, , be the profile at the fixed image position (x,y) and z be the slice index , then the brightness maximum  z,,, (x,y)

at the position (x,y) is defined as : Zmax (6)) i Py, (Zma) 2 Py (2) forall i:=0, ..., n-1

According to this definition, z,,, is the slice index of that slice at a certain pixel position (x,y) where the highest brightness
value is found and the surface boundary is estimated. The depth of this determined slice index is defined by the applied focus
depth of the used confocal laser beam and therefore the surface boundary can be estimated out of it. Figure 6 illustrates the
described proceeding of computing the surface boundary at image positions along an arbitrary column x.

Determination of the surface boundary
applying a maximum search algorithm within the depth profiles
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Fig. 6: Principle of surface reconstruction showed at an arbitrary column x. For each image position within a column, the sur-
face boundary is computed out of the gray-levels of the sorted SLO sequence. The maximum position in each profile
addresses the slice index, where the highest degree of reflection is measured and therefore, the boundary of the eye
ground structure at the considered image position is estimated. The depth of the searched boundary is directly coupled
with the slice index of the brightness maximum, e.g. slice index no. 5 for the first pixel in the illustrated column.
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The whole surface information of the investigated eye ground area within the 3D space of the SLO sequence is finally repre-
sented only by the depth information of the detected slice indices. Determining the surface boundary for each pixel position of
a SLO image sequence a first raw range image can be generated (Fig. 7).

Within these raw range images, the depth information is encoded in the gray-levels, so that deep locations will appear dark and
higher ones bright. This raw surface representation shows some surface defects, appearing as extreme gray-level changes.
These strong vacillations of the surface result from disturbances, like noise or diffuse reflections, occurring during the record-
ing of the image sequence. The disturbances may cause an absolute maximum within the depth profile at a wrong profile posi-
tion. This 'wrong' maximum may exceed the brightness value of the profile position, where the surface boundary would be
expected (Fig. 8). During a first raw reconstruction step, this ‘wrong’ or disturbed surface information may cause peaks in the
range image within almost homogeneous areas (Fig. 7).

Fig. 7:

Visualization of the first raw reconstructed
papilla surface as range image. Bright areas
represent higher structures and dark intensity
values deep structures. The circles mark
samples of occurring defects within an almost
homogeneous environment computed during a
first raw reconstruction step. The black circles
show samples of depth peaks, the white circles
samples of height peaks.

Two kinds of defects appear, in the following called as height peaks and depth peaks. Height peaks in a range image represent
small high, (bright) range structures within deep, dark regions. Whereas depth peaks are the opposite case, deep, dark struc-
tures within high, bright regions.

While the whole surface information can not be derived out of the profile position of the absolute brightness maximum in any
case, an improvement algorithm which replaces the wrong depth information is developed. In order to remove these defects
during further processing steps, it is necessary to look for alternative slice indices in the depth profile at the expected boundary
position. In cases of disturbed surface information the expected surface boundary is often represented by a secondary local
maximum in the depth profile.

Fig. 8:
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4. ITERATIVE IMPROVEMENT OF THE SURFACE INFORMATION

The detected surface defects result from the depth information of the slice indices at unexpected absolute maximum positions
within the depth profiles. To remove these surface defects it is necessary to choose alternative depth positions, i.e., slice indi-
ces, out of the depth profile which may replace the disturbed ones and may generate a defect free surface. The method of
removing the detected surface defects is based on a set of alternative slice indices, which are derived from the investigation of
other local maximum positions within the depth profile. The underlying assumption for this proceeding is, that the expected
surface boundaries are already marked by a local brightness maximum, even in cases in which the absolute brightness maxi-
mum is caused by the mentioned disturbances. Therefore, a set of possible slice indices at one image position is determined
out of all the local maxima which are detectable in the depth profile (Fig. 9).

absolute maximum Fig. 9:
groy-level/\ local maxima Synthetic example of a depth profile at a fixed image
position with three local maximum positions of alter-
4 5 6 7

\l/ native surface candidates. The resulting index set
consists of the slice indices no. 3, 9 and 11. The abso-

9
In order to improve the homogeneity of the surface, we define a local homogeneity criterion, which is used to detect and to
decide with which candidate a surface defect will be correct. This criterion is defined as the mean value d of the absolute dif-

lute brightness maximum is detected at an unexpected
depth position at slice index no. 3. The slice index of
0
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The smaller the value d is, the more homogeneous is the local surface environment considering the depth information of the
investigated slice index at this pixel position. This mean value d is calculated at each image position for all the selected slice
indices of the previously determined index set. The presented improvement process is still initialized with the absolute maxi-
mum because it results from the ordinary assumption of the reflection properties of the confocal laser beam within the fundus
as mentioned above. To improve the surface boundary, the slice index yielding the smallest value of d is chosen (Fig. 10).

Investigated slice indices at an arbitrary surface position (x,y) gfﬁ'fw: . th . lied
Set of alternative slice indices: 3, 9, 11; with abs. max. at slice no. 3 ace l.mprovemem at the position (x, y) ap]? 1€ t_o a
3x3 environment to calculate the homogeneity crite-
Index environment Difference-matrix rion. The initial depth information of slice index no. 3
x - mean di valve is replaced with the depth information of slice index
8l8l9 51516 ean difference Y Y
5 no. 9 at this pixel position because the mean difference
v [8]3J0) ——y |5 7| =—> d=54875 value d is minimal using the depth information of slice
A RA LY 6l6]7 no. 9. This computation is applied to each pixel posi-
tion in every iteration step. This improvement process
81819 1o ields stepwise an enhanced surface homo, ity
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Slice index 9 yields the smallest mean difference value => to improve
the surface homogeneity at this position the depth of slice no. 9 is used
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The previously calculated depth information is replaced with this improved boundary candidate. Before exchanging the singu-
lar depth values, all the improvements are completely determined for the whole image, to achieve a direction invariant pro-
ceeding. This proceeding may correct defects of an extend of only singular pixels, i.e. defects in form of height peaks as well
as of depth peaks. Since surface defects do not only occur as singular peaks, but also in extensions of up to twelve pixels (Fig.
7), they cannot be removed within one improvement step. Therefore, it is necessary to iterate the improvement process on the
previously calculated, firstly improved surface information. Applying several iterations of the presented replacement process,
surface defects of greater extensions can be removed stepwise (Fig. 11).

Fig. 11: Iterative improvement of the surface information. The three presented range images (from left to right) show the sev-
eral results of the improvement steps after the first, second and third iteration. A replacement-tolerance of two depth
units is used. During each iteration larger defects will shrink more and more, until they disappear. Each iteration
achieves a visible improved homogeneity of the surface and the mean of the amount of changes of the depth informa-
tion in each iteration decreases in about 50%.

5. OPTIMIZATION OF THE ITERATIVE SURFACE RECONSTRUCTION
5.1. Replacement-Tolerance

The previously described iterative improvement process removes nearly all surface defects. Replacing the current surface
information with senseful alternative candidates, the surface defects are locally smoothed. This process may also affect already
existing, real surface structures, like vessels or surface gradients, especially small ones. Therefore, the homogeneity criterion
has to be restricted, in order to preserve little surface changes of real eye ground structures. This is accomplished by introduc-
ing a replacement-tolerance during the improvement process. The tolerance concerns the difference between the actual and the
depth information of the calculated, improved surface boundary, before a replacement of the depth information is executed. If
this difference is smaller or equal to the tolerance, no change is carried out. The rate of changes of the surface information is
investigated, applying different replacement-tolerances during three iterations (Fig. 12).

Beginning at tolerances of two depth units, the rate of changes are significantly less in comparison to no tolerance, which
improve the computing time. It can be seen, that replacement-tolerances of more than two depth units will preserve more real
surface structures, but still remove the detected surface peaks (Fig. 13). An application of a tolerance of one depth unit does
not enhance the reconstruction quality nor reduce the amount of changes.

1. iteration | 2. iteration | 3. iteration
no tolerance 28.639 16.058 9.309
tolerance 1 22.380 10.843 5.888
tolerance 2 17.847 7.729 3.922
tolerance 3 14.363 5.796 2.888

Fig. 12: Statistics about the rate of changes while considering different replacement-tolerances within three iterative improve-
ments steps of the raw range image shown in Figure 7. The change rates decrease rapidly applying replacement-tolerances
greater one depth unit. Nearly no difference of the change rates can be observed between the replacement-tolerance of one
depth unit and no tolerance. Improved surface conditions can be obtained using a tolerance of three depth units and two
iterations compared to using no tolerance and only one iteration which needs the same effort of changes.
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Fig. 13:

Improved surface boundaries of Fig.
7 after three iterations without (left)
and with a replacement-tolerance of
three depth units (right). With the
tolerance the resulting improved
surface boundary exhibits more
structure within homogenous regi-
ons. The surface improvement in
both range images, however, is
essentially the same, but with the
tolerance, less surface information
changes were necessary.

5.2. Recursive surface improvement

The proposed surface improvement method is realized as an algorithm, which is independent of the processing direction. This
means, that the surface defects still exist during the processing from line to line and column to column, because the improve-
ment method always considers the actual surface information. No replacement will be carried out at any surface position dur-
ing the processing. Therefore, the surface positions with defects are still used during the calculation of the new surface
boundaries of their neighboured positions. At these positions, the unchanged depth information might not always support a
immediate removal of the surface defects and might not generate an appropriate homogeneous surface. A recursive calculation
of the depth information would enhance the correction process. This means, that during the processing the old surface
information is immediately replaced with the slice index of the improved one directly after its calculation. Therefore, the
homogeneity criterion at the surface positions in the direct environment will be computed on the base of already improved
values. This proceeding enhances the improvement process within only one iteration. In some cases the improvement process
can already be stopped after the second iteration step, achieving comparable results as calculating three iterations using the
non recursive proceeding. This direct replacement proceeding, however, is dependent on the processing direction, which may
cause anomalies during the removal of surface defects. Therefore, this proceeding cannot be recommended in all cases, only if
the computing time is a very important factor and small deviations of the reconstruction are acceptable.

5.3. Preprocessing of SLO slices

During the recording of a SLO sequence the occurring disturbances, as mentioned before, might appear as singular bright
spots at unexpected but possibly random pixel positions within any SLO image of the sequence. In order to reduce the influ-
ence of these disturbances during the surface reconstruction, different smoothing filters are investigated as preprocessing
application to eliminate or diminish these spots. The following smoothing filters are applied and investigated, the Butterworth-
lowpass [3], the Gauss and the mean filter as linear filters and the median, the k-trimmed-mean, the mid-range [11] and the
outlier-filter [4, 7] as non-linear filters. The filters are applied only as preprocessing to each of the ordinary SLO images of the
sequence before the surface reconstruction is accomplished. The reconstruction of the surface boundary out of the filtered SLO
images reduces only the amount of small surface defects especially when using the non-linear filters. Therefore, less correc-
tions within an iteration of a surface improvement have to be done which reduces the computing time. However, the surface
reconstruction of previously filtered images exhibits the loss of small surface structures. The reason for this loss is, that a
smoothing filter applied to the whole images as preprocessing is less sensible to fine structures than the introduced method of
local smoothing, which only replaces possibly disturbed depth information with alternative ones at locations at which surface
defects occur. Hence, a preprocessing by filtering the several recorded images is not useful to obtain an appropriate represen-
tation of the real eye ground structures.
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6. RESULTS AND DISCUSSION

Applying the presented method to standard SLO sequences, a 3D reconstruction of the fundus can be achieved, which visual-
izes the volumetric properties of the Papilla and its morphologic structures. Utilizing the proposed improvement processes,
nearly all occurred defects can be removed or at least are decreased in their size. The best results are obtained by considering a
3x3 environment to evaluate the homogeneity criterion and by iterating the improvement process three times. The number of
replacements within a surface decreases rapidly with each iteration. The use of a replacement-tolerance of three or more depth
units reduces remarkable the amount of changes and conserves more fine structures of the eye ground. The use of the replace-
ment-tolerance realizes also a selective process, which changes only those depth information of surface positions, which have
to be replaced. Only in cases of detecting a surface defect an appropriate alternative for an improved surface boundary is cal-
culated. Therefore, the overall surface enhancement depends on several, selective, local improvement steps. The application of
a tolerance value reduces the amount of changes and therefore the computing costs in each iteration. For example, the sum of
the rate of changes of two iterations using the replacement-tolerance of three depth units is nearly equal to the rate of one
iteration without considering a tolerance (Fig. 12). This means, within a given processing time, more improvements are possi-
ble if considering a tolerance than without.

A reduction of processing time for obtaining an improved surface boundary can also be achieved by applying the recursive
replacement method. Using this proceeding, only two iterations may be necessary to obtain a comparable surface homogeneity
as computing three non-recursive iterations. The calculated surface information, however, is dependent on the processing
direction. The preprocessing of each SLO image applying the mentioned smoothing filters, before reconstructing the surface,
reduces also the amount of surface defects and leads to less changes during an iteration. On the other hand, this proceeding
finally diminishes the surface structure. Therefore, this preprocessing can not be used for a careful and exact surface
reconstruction of the papilla.

The presented methods and the final 3D reconstruction of the derived depth information yet have not been applied and tested
on a large amount of examples. A clinical application of the presented approach cannot be obtained at this stage of develop-
ment. The methods might have to be modified in the case of routine examinations by oculists. An appropriate visualization
tool has to be developed to present the computed reconstruction to oculists during routine examinations (Fig.14). A complete
medical examination tool might include more sophisticated features, like methods to extract the vessels in the fundus or to
compute the geometrical structure of the papilla.
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Fig. 14: 3D visualization of the resulting range image data of an examined SLO sequence

The presented approach shows some promising results to reconstruct and visualize the 3D information out of a sequence of
SLO images. The developed algorithms are able to handle the occurring disturbances, while replacing only disturbed positions
with senseful alternative depth information. Therefore, the existing fine structures of the eye ground can mostly be prevented
from a raw detraction. A further development of a volumetric reconstruction tool for SLO images is possible and may be very
useful, since it will help enhancing the diagnosis and the therapy of many diseases of the eye ground.
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