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Abstract
This paper presents a shape-from-focus method, which is 
improved with regard to the mathematical operator ,used for 
contrast measurement ,the selection of the neighborhood size, 
surface refinement through interpolation, and surface post 
processing .three dimensional models of living human faces 
are presented with such a high resolution that single hairs 
are visible.
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I. Introduction
The acquisition of 3-d information out of 2-d images is one of the 
most important issues in computer vision. Techniques executing 
this task are often referred to as shape -from -x, where x is a 
visual cue such as shading, texture, contour, focus, and motion. 
Blurring phenomenon due to defocusing are among the other 
important cues for the depth recovery. Shape-from-focus is a 
method in which a sequence of images is taken while changing 
the focus setting in small steps. One image of such a sequence 
further on referred it as focus series, contains a focused region 
of imaged object as well as an unfocussed background. By 
determining the focus setting, that locally optimizes image 
focus, 3-D information about the imaged object is retrieved. 
if the object is moving and cannot be expected to remain in 
a certain position during the capturing time ,an alternative 
measurement for 3-D measurement is holography, where part 
of 3-D information about the recorded object is stored by super-
imposing the back-scattered light coherently with a reference 
wave. Through this, the amplitude and the phase information of 
the scattered light field are stored as an interference pattern, 
for example I an analogue photosensitive material. This kind 
of acquisition of 3-D data has the tremendous advantage of 
storing the high-resolved information in an extremely short 
amount of time. Namely in the of the recording laser pulse 
(35 ns for the setup described here).however, the only way 
to get access to the stored information is reconstructing the 
hologram. 
This is done optically if the hologram was stored on an analogue 
recording material .it is realized by illuminating the hologram 
with complex conjugate reference beam, which produces 
the so called real image, a 3-D light field with one to one 
correspondence to the recorded object. It has to be digitized 
into a set of 2-D projections, because of the 2-D nature of digital 
recording devices. The result of the holographic reconstruction 
is the set of images containing focused and unfocussed regions 
similar to the focus series gained through subsequent recording 
.this is why the same methods designed for shape-from-focus 
in microscopy are applicable for holographic reconstructions.

Fig. 1: optical reconstruction of the hologram 

This paper discusses improvements of shape-from-focus 
methods applicable to all kinds of focus series .the application 
that provides the exemplary material for the discussion, is the 
analogue holographic recording of living human faces .for that 
kind of application, the short recording time arises since motion 
artifacts caused by the changes of the face due to mimic, 
breathing can be avoided. Such highly resolved textured 3-D 
models of living human faces are of great interest in many 
kinds of applications, among others in medicine and forensic 
science. 

II. Shape-from-focus
Since its invention, the optical microscope has been used 
primarily as a device to view and image biological and industrial 
samples. This paper presents a technique for recovering the 
three-dimensional shapes of microscopic samples by focus 
analysis. Shape from focus relies on surface texture for the 
computation of depth. In many real-world applications, surfaces 
can be smooth and lacking in detectable texture. In such cases, 
shape from focus generates inaccurate and sparse depth maps. 
This paper presents a novel extension to previous shape from 
focus approaches. A strong texture is forced on imaged surfaces 
by the use of active illumination. The pattern of the active 
illumination is determined through a careful Fourier analysis 
of all the optical and computational elements involved in focus 
analysis. When the focus operator used is 2D Laplacian, the 
optimal illumination pattern is found to be a checkerboard, 
whose pitch equals the distance between adjacent weights in 
the discrete Laplacian kernel.

Fig. 2: contrast representation of every pixel in the frame.
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This analysis also reveals the minimum number of images 
required for accurate shape recovery. These results are 
experimentally verified using a fully automated microscopic 
shape from focus system. The shapes of samples lacking 
in texture, such as three-dimensional structures on silicon 
substrates and solder joints on circuit boards were recovered 
with high precision using the developed system. The results 
demonstrate that the derived illumination pattern is in fact 
optimal, and facilitates accurate shape recovery of complex 
and pertinent industrial samples.

III. Surface interpolation
The set of 2-D images from which the information is extracted, 
represents the holographical image at discrete positions and 
with it surface information .hence, the choice of the interslice 
distance limits the maximal achievable axial resolution. 
An interpolation of the discrete focus values would provide 
continuous information and consequently a potentially higher 
resolution. By choosing the maximum focus value and its two 
neighbors, the unknown parameters can be calculated by 
solving a system of algebraic equations. With this continuous 
values are produced that are not restricted  anymore to the 
discrete slice positions .an alternative approach is to fit Gaussian 
model mentioned to a particular chosen number of points. for 
the selection of points used to the fit, it was found best to 
first determine the height of the maximum above  the average 
focus values and consider only points in the upper half of that 
interval .the fitting algorithm was implemented using a down hill 
simplex method(a very latest one). The interpolation method is 
based upon three focus values exactly met by the curve, while 
the fit method takes up to twenty points into account and finds 
the curve by minimizing the overall deviation. That makes the 
fit more accurate and more stable in the presence of noise 
.however; its computational effect is much higher since an 
iterative optimization step is involved. in holographic facial 
measurement, where computational time is not important 
as in real time applications, the Gaussian fit proved to be an 
useful tool for surface refinement .the steps in the height map 
are much larger than the interslice distance .these steps are 
lessened considerably through the Gaussian fit .the height 
profile gained with the fit is shifted for better comparability.

Fig. 3: exemplary height maps with and without Gaussian fit

IV. Adaptive Selection of Neibourhood Size
The choice of the neighborhood size is a critical step in the 

procedure of surface extraction. The lateral resolution of the 
extracted surface is limited by the size of the neighborhood, 
since structures smaller than this size cannot be resolved. Thus, 
the neighborhood size should be chosen as possible. On the 
hand, small neighborhoods are very sensitive to noise.  The lower 
the signal-to-noise ratio, the larger the neighborhood should be. 
Even in the absence of noise, the minimal neighborhood size 
is limited to a certain extent by the feature size of the                     

Fig .4. For each fixed lateral point (x, y), the focus values F(x, 
y, z) are maximized, which leads to 3-D geometry information 
about the object.
          
Texture of the recorded object. With a neighborhood smaller 
than any feature it is impossible to distinguish between focused 
or defocused image regions. When choosing a neighborhood 
size, one always has to compromise between lateral resolution 
and robustness against noise. In regions of high intrinsic ,like 
the mustache of the proband ,a high quality surface can be 
extracted using a neighborhood size of 3 pixels with a lateral 
resolution so high that even single hairs can be distinguished 
.In regions of lower intrinsic contrast however,  the surface 
extracted with a neighborhood size of 17 pixels on the other 
hand allows for noise resistant surface extraction in regions of 
lower intrinsic contrast ,while the lateral resolution is reduced 
.To over come this tradeoff ,adaptive algorithm was developed 
choosing locally the smallest possible neighborhood size so 
that the surface is not corrupted by noise .It is based on the 
definition of a confidence value c(x,y0for each found surface 
point and several neighborhood size. 

The normalized leads tom confidence values between zero 
and one, a higher value indicates a more reliable surface point 
.The confidence values of one surface point differ for different 
neighborhood sizes.



 InternatIonal Journal of Computer SCIenCe & teChnology 179

IJCST Vol. 2, SP 1, DeCember 2011ISSN : 0976-8491(Online)  |  ISSN : 2229-4333(Print)

w w w . i j c s t . c o m

          
Fig. 5: Exemplary height maps extracted from a holographic 
data set with a neighborhood of 3(a) and 3(b)
 
For a small neighborhood size, very few reliable surface points 
are present. The histogram shows mainly a normal distribution 
of confidence values of unreliable points with a slight asymmetry 
caused by the reliable points.. In this manner, the neighborhood 
size depending threshold was determined for 25 different data 
sets manually.
 The resulting curve is further on used for automatically threshold 
selection and the distinction between reliable and unreliable 
surface points without manually analyzing the histograms. 
Limiting the maximal neighborhood size to a certain value,   
there are still points where no reliable surface value could 
be found, In order to fill these gaps, the surface extracted 
with the maximal neighborhood can be smoothed by weighted 
averaging. The confidence values act there by as weights. These 
values are used to fill the gaps if desired.

VI. Surface Postprocessing
The previous sections presented new methods invented for 
the improvement of the classical depth-from-focus method. 
However, despite sophisticated surface extraction methods, 
little noisy surface fluctuation cannot be avoided entirely.
  Anisotropic diffusion of normals is the natural expansion of 
the anisotropic diffusion method for 2-D images to curved 
surfaces in the 3-D space. Smoothing of high total curvature 
is suppressed through the introduction of nonconstant diffusion 
coefficient depending on the total curvature.

Fig.6: shows a facial model gained with the presented adaptive 
algorithm and Gaussian fitting without any post processing 
(a),with  isotropic smoothing (b)and with anisotropic diffusion 
of normals(c).

While small features are almost obliterated in (b) they are 
nearly as pronounced in(c) as in the raw data. The generation 

of continuous surface data through the Gaussian fit or Gaussian 
interpolation is obligatory for the appliance of the anisotropic 
diffusion of normals. For discrete surfaces, as they originate 
from classic shape-from-focus, the anisotropic smoothing does 
not behave stable. With all the improvements presented in 
the paper applied, the computation time on a standard PC for 
facial models as shown in this paper increases from 1 min for 
the standard procedure to approximately 30 min, where as the 
Gaussian fitting requires the most of the additional time.

V. Conclusions
This paper demonstrated that the classical shape-from-focus 
method is perfectly suited for the extraction of 3-D geometry and 
texture information fro holographic reconstructions, especially 
for the creation of highly resolved facial models. We evaluated 
several mathematical operators for contrast measurement 
and found that the best criterion for this application is the 
newly developed XSML criterion, a modification of SML operator 
proposed by Nayar .Additionally, we presented an algorithm for 
automated adoption of the neighborhood size to the conditions 
of the data.
The neighborhood size is chosen as small as possible while 
preventing corruption through noise. It was demonstrated that 
in facial measurement single hairs can be visualized through 
this procedure .It was also shown that a Gaussian fit to the 
focus profile improves the quality of the surface tremendously. 
Articrafts are eliminated and influence of noise is reduced, 
while at the same time a continuous surface not restricted to 
the digitization positions is created.  This is compulsory for the 
appliance of anisotropic smoothing methods. The holographic 
method for facial measurement is superior to conventional 
measurement techniques since it captures 3-D information 
of the face  with one single laser pulse of 35-ns duration. In 
that extremely short amount of time, no movement artifacts 
can occur.
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