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1  INTRODUCTION 

1.1 PROBLEM FORMULATION 

Optical velocity measuring devices might be divided into two groups according 
to the relative angle between the observation direction and the movement direction 
of the object: 
� devices for longitudinal velocity measurement  (Fig. 1.1a), 
� devices for transversal velocity measurement (Fig. 1.1b). 

In the following figure, point P designates the velocity-measuring device and 
point O represents the object position.   

 
  

(a) (b) 
 

Fig. 1.1. (a) Measurement setup for longitudinal velocity measurement. (b) Measurement 

setup for transversal velocity measurement. 

 
The best-known longitudinal measurement concepts are based on one of the 

following methods [16]: 
� triangulation method,  
� laser radar employing pulse and modulation-phase method, 
� interferometric method [45]. 

A specific implementation of the latter, the so-called laser vibrometer, is 
optimized for measuring vibrations from non-cooperating (i.e., non-reflecting) 
surfaces and has come to a high perfection in the last years [46]. 

Devices for transversal measurement can be attributed to either of the following 
methods: 
� correlation method [42], [26], 
� speckle method [23],  
� laser Doppler method [53], [50] 
� Spatial Filtering Method (SFM) [3], [22]. 

 
In the next section the principle of laser Doppler method and spatial filtering 

method (SFM) will be described. 

 

 O 

P 
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1.2 LASER DOPPLER VELOCITY METER (LDV) 

The first device based on the principle of Laser Doppler Anemometry (LDA) was 
constructed in 1964. Initially, the concept was used for gas or particle flow 
measurement. Later, the method was enhanced to enable measurement of the surface 
velocity of solid objects. Commercial companies designate their surface velocity 
meters - Laser Doppler Velocimeters (LDV). This kind of instrument generates an 
interference figure (serving the role of a spatial filter) on the object surface by 
making two laser beams intersect under a very small angle. 

The level of the light intensity scattered by the surface is given by the correlation of 
the spatial filter and the surface spatial frequency characteristics. The fringe spacing 
gx is given by [50]          

ϕ

λ

sin2
=

x
g , (1.1) 

where λ  is the wavelength of the laser and ϕ is the half-angle between the two 
crossing laser beams. For better understanding of the method let us consider the 
moving surface as being completely dark and absorbing except for a single bright 
dot. While this dot is moving through the observation field, its varying illumination 
produces alternating bright and dark flashes occurring with a velocity-dependent 
frequency fD. 

The dependency of fD on the velocity vo is described by the Doppler formula  

x

o
D

g

v
f = . (1.2) 

 

1.3 SPATIAL FILTERING METHOD (SFM) 

1.3.1 The basic concept 

The use of spatial filters for measuring the velocity of moving objects was first 
mentioned about 70 years ago [28]. This method utilizes the intensity modulation 
caused by observing a spatial filter, behind which a bright object is moving laterally 
to the filter lines. The simplest spatial filter can be formed by a row of slots as 
shown in Fig. 1.2a. In this arrangement the moving object consists of single strip 
moving from left to right and, thus, alternately shading the transmitting openings in 
the mask.   

The faster the strip moves in the sensing plane, the faster gets the blinking 
frequency of the signal passing through the grating and vice versa. In other words, 
the maximum of the power spectrum, which is received by the photo detector, is 
settled at the frequency fo when the velocity of the moving object is vo. The 
frequency fo, obtained from the photo-detector can be computed as 
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x

o
o

g

Mv
f = , (1.3) 

where gx is the  grid  constant the spatial filter. The M is a magnification factor of 
the optical system, if any.  

The signal occurring at the output of the photo-diode is shown in Fig. 1.2b. The 
upper dashed line denotes the light intensity s1max (t) detected without the spatial 
filter. After placing the spatial filter between the light source and the photo-detector 
the intensity drops to half of its previous value. Moving  the opaque strip along the 
x-axis with a constant velocity vo leads finally to a periodic shading of the mask thus 
leading to the saw-tooth-shaped intensity modulation depicted (full line). 

  

(a) (b) 
 

Fig. 1.2. (a) Principle of spatial filtering method. (b) Normalized signal at the output of 

the photo-detector. 

 
1.3.2 Spatial filtering using CCD detectors 

CCD line detectors are composed of closely adjacent individual photo-detectors 
and thus, are very similar to the arrangements discussed so far. It is not astonishing 
that soon after the advent of CCD chips the idea of using these not only as a photo 
detector but also as a spatial filter appeared. Astech was one manufacturer that 
became known for developing measuring devices exploiting the potential of CCD 
chips. With these, the differential DC free signal is produced in a manner shown in 
Fig. 1.3.  

 

Fig. 1.3. Reading the differential signal from CCD chip. 
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1.4 RÉSUMÉ 

The transversal methods for velocity measurement can be divided into those using 
monochromatic coherent light source (laser) and those using a wide band incoherent 
source of light (white light). Both the Laser Doppler Velocimeter (LDV, which uses 
laser light) and the method that we call Spatial Filter Method (SFM, which uses 
incoherent light) are based upon utilization of the spatial filter as the fundamental 
measurement concept. They differ only in the way how and at which place of the 
measuring system the superposition of the spatial filter and the surface structure is 
performed: With the LDV this is in the illumination area, directly on the moving 
surface while with the SFM method it is in the image area close to the detectors. The 
information about the velocity of the moving surface is given by formula (1.3).  

 

1.5 AIMS OF THE DISSERTATION 

Several realisation schemes of the spatial filters are known. Among these are: 
differential prisms spatial filters, fiber based differential spatial filters, LCD spatial 
filters or spatial filters created directly by the periodic structure of CCD or CMOS 
chips. 

Another implementation is the laser Doppler concept where the required periodic 
reference structure is implemented in the illuminating part of the system.  

All approaches were conceived to achieve low-cost yet still accurate devices 
capable of measuring velocities from millimetres up to hundreds of meters per sec-
ond. However, all known implementations have the common property to use a fixed 
reference filter while the spatial spectrum characteristics of the surface can vary over 
a broad range due to e.g. roughness, colour, scattering efficiency etc. which are 
characteristic for every surface. 

Goals of the research: Therefore, if the SFM based velocity meter is to be really 
universal, it should be designed for adaptability on the measured surface. The aim of 
the research is to determine which surface characteristics require matching, and how 
this matching can be realized by spatial filter and detector circuitry.  

 
Prospective advantages: 
� setting the optimization criteria for the spatial filter, 

� enabling velocity measurement also with periodic structures (which so far 
constitutes a problem),  

� decreasing the measurement uncertainty. 
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2  ADAPTIVE SPATIAL FILTER PROPOSAL 

2.1 MATHEMATICAL DESCRIPTION OF THE SIGNAL 
GENERATION PROCESS 

2.1.1 Signal generation process using single spatial filter  

With the spatial filtering based method (SFM), the target surface is projected on 
the reference filter, and the intensity transmitted is detected by a photo-detector. The 
reference filter normally is a “two-in-one” arrangement providing two output signals 
in counter-phase cf. Fig. 1.3. Subtraction of both yields a bias-free output signal 
sdif (t) suitable for further processing. Mathematically, the signal in one channel is, 
for a stationary object, described as [43] 

∫ ∫
+∞

∞−

+∞

∞−

= dydxyxhyxiKs ),(),(  (2.1) 

with K denoting the sensitivity of the photo-detector, i(x,y) the light intensity 
distribution of the surface and h(x,y) the light transmittance distribution of the 
spatial filter. The output s of the photo-detector is described as the integral of the 
light intensity i of the surface passing through the spatial filter. Assuming uniformly 
moving surface in x-axis with velocity vo we get  

( ) dxdyyxhytvxiKts
xy L

o

L

),(),(
00

∫∫ −= , (2.2) 

where Lx and Ly is the length and width of the spatial filter, respectively. Taking into 
consideration only the distribution in x-axis (a one-dimensional approach with y 
being a constant), one obtains 

( ) dxxhtvxiKts
xL

o )()(
0

∫ −= . (2.3) 

The frequency spectrum of the signal received at the photo-detector is then given 
by the convolution theorem of Fourier transformation [29] 

( ) 











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


−








−=

ooo

f
H

f
IfS

vvv

1
, (2.4) 

where 

dxexi
f
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x

o
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j

o
∫










=








0

2

)( v

v

π

 (2.5) 

and 
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are the spatial frequency spectra of the surface texture and the grating, respectively. 
Here is the spatial frequency fs (m

-1) is expressed as a number of periods per unit 
length and can be computed as 

o

s

f
f

v
= . (2.7) 

 
2.1.2 Signal generation process using differential spatial filter “two-in- one” 

The signal at the photo-detector output s1(t) of the first half of the differential 
spatial filter “two-in-one” cf. Fig. 1.3 can be described as  

( ) dxxhtvxiKts
xL

o )()(
1

0

1 ∫ −= , (2.8) 

where h1 denotes the light transmittance distribution of the first spatial filter. 
Correspondingly, the signal at the photo-detector output s2(t) of the second half of 
the differential spatial filter “two-in-one” reads 

( ) dxxhtvxiKts
xL

o )()(
2

0

2 ∫ −= , (2.9) 

where h2 is light transmittance distribution of the second spatial filter. The signal 
sdif(t), which is obtained after subtracting  the signals s1(t) and s2(t) is 

)()()(
21dif
tststs −= . (2.10) 

 

2.2 SPATIAL FILTER PROPERTIES 

In this section, the spatial filter properties are described. There are several 
potential realizations, which have already been discussed in section 1.3. From these, 
we take as a basis for our discussions to come the spatial filter realization on the 
CCD chip. We denote the number of periods N, the period length gx and the spatial 
filter width Ly, cf. Fig. 2.1. 

For constant gx, the ideal rectangular spatial filter can be described as 

( ) ∑
−

=

−=
1

0

1
)(

N

n
xy ngxuLxh , (2.11) 
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where  

( ) 







−−=

2
)( xgxxxu σσ  (2.12) 

and σ(x) denotes the Heaviside function, i.e. ( )
01

00

≥

<
=

x

x
xσ . 

 

 
 
Fig. 2.1. The differential spatial filter realization using a CCD chip. 

The second one is in counter-phase 

( ) ∑
−

=
















+−=

1

0

2 2

1N

n
xy gnxuLxh . (2.13) 

However, in order to simplify the analysis for the moment, we approximate both 
characteristics with pure harmonic functions. Then, we get for h1 and h2, 
respectively, 

( ) 















+= x

g
Lwxh

x

yx

π2
sin1

2

1
1

 (2.14) 

and 

( )



















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






++= x

g
Lwxh

x

yx π
π2

sin1
2

1
2

, (2.15) 

where wx(x) denotes the rectangular windowing function of length Lx, 

( )
else0

01 x
x

Lx
xw

≤≤
= . (2.16) 
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Even though our restriction to simple harmonic functions is for simplification 
only, it should be mentioned that real systems are described by transmission 
functions with rounded edges, i.e., their mathematical description lies somewhere 
between harmonic and rectangular [51]. 

The relation between the generated main lobe maximum frequency fo and the 
velocity vo is described by (1.3). According to (1.3) fo depends on the optical 
magnification factor M and on the spatial filter period length gx. This formula 
provides exact results for an infinite number of spatial filter periods, N → ∞. In this 
case the position of the main lobe spatial frequency maximum fM can be computed 
as 

x

M
g

f
1

= . (2.17) 

For a real case the number of periods is finite. This limitation leads to the 
frequency shift of the main lobe maximum fM. However, it can be calculated exactly 
for every number of spatial filter periods and for a given shape of the spatial filter. 
Further, the exact relation between the number of spatial filter period N and the 
relative bandwidth BM of the main lobe was computed and can be described as  

Nf

B

M

M 2
= ,   for N > 1. (2.18) 

 

2.3 SURFACE AND ITS ANALYSIS AND DESCRIPTION  

  The investigated surfaces have the following properties: with increasing width of 
the integrated surface increases the intensity of the amplitude spectrum, while the 
growth rate varies between linear and square root. The increase can be approximated 
with square root function the better, the more stochastic the surface is. The spectral 
pattern caused by a periodic character of the structure can considerably impair the 
measurement or even make it virtually impossible. It follows that some intelligent 
suppression of the harmonic structure is required. 

  The simulations shows also that the fS-3dB frequency for all the investigated 
surfaces can be found in the range of fS-3dB = 0.8 ÷ 1.1 mm -1. From this point on the 
intensity decreases with about -20dB/dec. Amplitude spectra of analysed surfaces 
can also be approximated with exponential function. This corresponds with the in 
[38] presented results. 
 
2.4 CRITERIA FOR PERIODIC STRUCTURE SUPPRESSION 

All real structures can be considered as quasi-stochastic or quasi-periodic 
structures, while strongly periodic structure can leads to causing a permanent 
measurement error. In this chapter the optimization criteria for the differential 
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spatial filter adaptation on the periodic surface structure are described, while the 
spatial filter approximated with rectangular function is considered cf. (2.11) and 
(2.13). The proposed results can be used for the optimal spatial filter setting if 
strongly periodic structures occur. The idea of elimination of the real surface 
harmonic components is based on the following formula  

,....9,6,3,...;3,2,1,0,
0

NNNNmm
N

fm
f M
SF ≠=

⋅
= , (2.19) 

where fSF0 is that spatial frequency, where the differential spatial filter transfer 
function approaches zero. N is the number of spatial filter periods and fM is the 
spatial frequency of the main lobe maximum cf. (2.17).  

If we want to eliminate a periodic structure on the surface at the spatial frequency 
fs, the following condition must be satisfied     

0SFs ff = . (2.20) 

This can also be formulated in the spatial domain for the whole length Lx of the 
spatial filter  

...3,2,1,
1

=⋅=⋅= mlm
f

mL x

sx

x . (2.21) 

Another way of eliminating periodic structure is to optimize the width of the spatial 
filter Ly (see Fig. 2.1) on the periodic structure of the material. This is described by 
the following formula 

...3,2,1,
1

=⋅=⋅= mlm
f

mL y

sy

y , (2.22) 

where fsy designates the spatial frequency to be suppressed  and  ly the  length  of  the  
surface  period  in y-axis direction. This formula is based on the fact that the spatial 
filter integrates the surface intensity in the y-axis as well.    

How successful the periodic structure suppression process will be depends on the 
mark to space ratio (MSR) of the frequency fsy. Mark to space ratio can be 
computed as 

y

Sy

y

M

l

ol

l

o
MSR

−
== , (2.23) 

where the oM is the length of the mark and os is the length of the space.   

Now, the case of chequered material structure is considered. That kind of 
structure can be found in most textile materials. These periodic structures have the 
same frequency (period) in vertical and horizontal direction and 180° columns phase 
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shift. The task is to eliminate the periodic structure. The maximal suppression of the 
periodic structure will fully succeed only if the columns phase shift is 180° and only 
for symmetrical structures. With non-symmetrical structures the grade of 
suppression depends on non-symmetric factor.  The higher is the non-symmetry the 
lower the suppression of the periodic structure. 

The suppression of periodic structure in the x-axis (horizontally) is based on 
(2.21). As one can easily imagine the suppression will have 100% efficiency only 
for periodic structures with line-like frequency spectrum. 

 

2.5 IMPROVING THE SPATIAL FILTERING METHOD 

2.5.1 Dual differential spatial filter 

The block diagram of dual differential spatial filter (DDSF) is shown in Fig. 2.2. 
The DDSF is composed of two differential spatial filters (“two-in-one”) and could 
be realised e.g. on the CCD or CMOS camera chip. The idea of DDSF is based on 
multiple autocorrelation between two differential spatial filters. In order to explain 
the principle of the DDSF, let us simplify the real scheme shown in Fig. 2.2 down to 
the situation shown in Fig. 2.3. In this picture each differential spatial filter is 
replaced with one point. The point “a” represents the upper differential spatial filter 
producing the signal sdif1(t) and the point “b” substitutes the lower differential 
spatial filter producing the signal sdif2(t). These two signals are subtracted. On the 
output of the differential amplifier the dual differential spatial filtration product 
sddif(t) can be measured. 

These two differential spatial filters and moving surface in x-axis direction are 
considered now. The relation between them can be described as 

( ) ( ) ( )[ ] ( ) ( )[ ]

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

).()()()(
baabbbaa

bbbaabaa

bababa

xrxrxrxr

dxxxixixxixixxixixxixi

dxxxixxixixixr

∆−∆−∆+∆=

∆++∆+−∆+−∆+=

∆+−∆+−=∆

∫

∫
∞

∞−

∞

∞−

−

 
(2.24) 

The formula (2.24) consists of four terms. All the expressions i.e. raa (∆x), rbb(∆x), 
rab(∆x)  and rba(∆x) depend on the autocorrelation level of the surface. For the 
surface with white noise character all terms equal zero. On the other hand, if the 
surface includes at least small autocorrelation and that is the case with most of the 
real surface structures, then all the expressions become non-zero. For the correct 
function of the dual differential filter the expressions rab(∆x) and rba(∆x) are 
important. These expressions are subtracted of the main expressions raa (∆x) and 
rbb (∆x). They will cause the periodic-like structure attenuation. 
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Fig. 2.2. Dual differential spatial filter. 

 
Fig. 2.3. Dual differential spatial filter – the solution for the advanced periodic structure 

suppression. 

Computing subtractions, one obtains two differential filtering products. These 
products are denoted as s1dif and s2dif    

( ) ( )tstss
2a1adif1

−=  (2.25) 

and 

( ) ( )tstss
2b1bdif2

−= . (2.26) 

The dual differential filtration product sddif is then obtained as 

( ) ( )tstss
dif2dif1ddif

−= . (2.27) 

 

2.5.2 Dual differential spatial filter – setting the optimal width Ly  

Stochastic surface 

In this section the optimal spatial filter width setting is discussed. For our further 
discussion the spatial filter realized on CCD matrix is considered.   

Firstly, the surface is considered to be ideally stochastic white noise. The mean 
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value µ of the white noise summation process for certain width Ly of the spatial filter 
can be described as  

( ) ( ) yy LL 1µµ = , (2.28) 

where µ(1) is the mean value of the stochastic process for Ly = 1. The standard 
deviation then 

( ) ( ) yy LL 1σσ = , (2.29) 

where σ(1) is the standard deviation of the stochastic process for Ly = 1. 

The contrast can be computed as the ratio between standard deviation and mean 

( ) ( )

( ) y

y
L

Lk
⋅

=
1

1

µ

σ
. (2.30) 

The width of the spatial filter can be computed as  

yy pML ⋅= , (2.31) 

where py is the real width of one single pixel and  M is a positive integer number - 
the number of pixels. According to formula (2.30) thin spatial filter should be 
preferred. 
 

Quasi-stochastic and quasi-periodic surface structures 

In this group almost all real surfaces can be included. As described above, the 
dual differential filter improves the filtration product the better the wider the surface 
auto-correlation function. However, for further investigation only the frequency 
components for fs ≠ 0 are interesting. Therefore, the DC (mean) can be removed - 
the auto covariance function was computed. It was determined, that the steepness of 
the auto-covariance function decreases with increasing roughness of the material. 
According to (2.24) the suppressing factor of the dual differential filter depends on 
the correlation between the surfaces scanned by each differential spatial filter. 
Therefore, the suppression of the un-required periodic character will be the better the 
wider the auto-covariance function.  

Second important factor for the suppression level of the un-required periodic 
structures is the width of the spatial filter Ly. According to (2.38) the Ly should be 
chosen as thin as possible in order to gain the signal contrast. However, the 
simulations show, that for real surfaces by shrinking the Ly to about 
Ly = 0.1 ÷ 0.3mm, the curves become flat top. That means that the contrast remains 
nearly the same with further Ly shrinking. 
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One can conclude that with almost all real surfaces the width of the spatial filter 
Ly should be chosen as thin as possible. The exception might be chequered surface 
structures with 180° columns phase shift. The main limitation factor is the 
sensitivity of the photodiode, CCD or CMOS sensor. The application of the dual 
differential filter will be the more profitable the higher the auto-covariance of the 
surface.  
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3  PRACTICAL TESTS AND MEASUREMENTS  

In order to verify the theoretical computations and simulations, the practical 
experiments on commercial and self-constructed device were carried out. The self-
constructed SFM device was based on a high speed CCD camera.  

The measurement with the commercial device confirmed the predicted problems, 
which can occur during the measurement with typical non-adaptive device based on 
spatial filtering method. The experiments have confirmed the main lobe maximum 
frequency shift due to different surface structures of measured materials. This shift 
was mainly caused by surfaces exponential-like decrease of the amplitude spectrum.  

Then in this thesis proposed dual differential spatial filter was realized on above 
mentioned measurement setup based on a high speed CCD camera. The block 
diagram of the measurement setup is shown in Fig. 3.1.   

 

Fig. 3.1. Measurement setup with high speed CCD camera. 

In Fig. 3.2, as an example, the comparison of the simulated and measured results 
for chequered surface is shown. In Fig. 3.2a the surface used as an input for the 
simulation is depicted. Fig. 3.2b shows a snapshot of the measured surface taken by 
the high speed CCD camera. If one compares the simulation (cf. Fig. 3.2c) and 
measurement results (cf. Fig. 3.2d), it is obvious, that the filtration product of the 
optimally adapted DDSF provides in both cases correct maximum and suppresses 
the undesirable periodic surface structure distinctly. In Fig. 3.2c the averaged spectra 
obtained by multiplication of the surface structure and the spatial filter are depicted. 
The spectra shown in Fig. 3.2d were computed from data collected by the high speed 
CCD camera. The mean velocity of the measured surface was vb = 169.20 mm/s, 
which corresponds to the mean main lobe frequency maximum fo = 252 Hz, cf. (1.3). 

The measurement confirmed the simulations carried out in chapter two. The dual 
differential filter suppresses the side lobes and the periodic structure the better, the 
thinner the spatial filter width and the wider the auto-covariance function of the 
measured material.  
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Fig. 3.2. (a) The surface used for the simulation, (b) the simulation results. (c) The by 

high-speed CCD camera measured surface, (d) the measurement results. 
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4  CONCLUSION 

The aim of the dissertation thesis was to improve the understanding of velocity 
measurement devices based on the spatial filtering method, especially under the 
viewpoint of recent developments in electronic technology such as CCD and CMOS. 
One problem that became obvious from our investigations was that by measuring 
periodic-like surface structures a permanent measurement error can occur. Another 
problem is the insufficient suppression of the side lobes especially in the region of 
lower spatial frequencies [15].  

Our investigations started with an algebraic description of the signal generation 
process. The mathematics derived is based upon the mutual interaction of two 
factors:  the characteristics of the spatial filter and the properties of the measured 
surface cf. formula (2.1). In the simplest case, the output frequency representing the 
desired measurand is generated by the imaging of the moving surface under 
investigation onto a reference mask (serving as the spatial filter) and by observing 
the transmitted intensity through a photo-detector. 

Therefore, an analysis and description of the spatial filter properties was done 
first. Computer simulations confirmed the assumptions made, and also extended 
results were presented in [33]. It was also confirmed that the number of the spatial 
filter periods has to be chosen as high as possible. Then, in a frequency-domain 
oriented view, the bandwidth and also the shift of the maximum of the main lobe is 
minimised, which makes the measurement more accurate. The main lobe maximum 
shift can be considered a systematic error and is not critical. It can be calculated 
exactly for every number of spatial filter periods and for a given shape of the spatial 
filter. 

In a second step, a detailed analysis of the surface characteristics of selected 
materials was made in order to classify and describe the surface properties. This step 
of our investigations was intended to provide information for determining the 
requirements for an optimum match between the spatial filter characteristics – which 
can be tuned artificially - and the characteristics of the surface – which in most cases 
is given and cannot be influenced by the user. It turned out that with the chosen set 
of measured and analyzed surface structures, the spatial spectrum decreases with 
increasing frequency. The roll-off is such that the spectrum can be well 
approximated with an exponential function. One  astonishing  result  was  that  the 
cut-off frequency lies in the region of fS-3dB = 0.8 ÷ 1.1 mm–1 for all investigated 
quasi-stochastic materials.  

Based on the investigations described above as steps one and two, the 
optimisation criteria for the suppression of undesired artefacts from periodic surface 
structures were derived. 

First, the undesirable periodic structure can be eliminated to a certain degree by 
optimizing the spatial filter properties in x-axis direction, cf. formula (2.19). The 
minimum-transmission spatial filter frequencies should be tuned so as to coincide 



 21 

with the periodic structure maxima. Hereby the disturbing maxima, which are 
located outside the main lobe, can be suppressed. We should also make sure, 
according to (2.21) that the whole number of periods of the periodic structure fit into 
the length of the spatial filter Lx. The suppression becomes optimal only for a 
periodic structure with unity mark-space ratio (MSR = 1).  

Influences of the width of the mask (y-axis) have also been considered. It was 
shown that an optimum periodic-structure-suppression of the spatial filter in y-axis 
is possible only for chequered structures.  

There is also another point  of  view for choosing the optimal spatial filter width Ly - 
the signal contrast. According to (2.30) the Ly should be, for white noise-like surface 
structure, chosen as thin as possible in order to gain the signal contrast. For 
investigated real surface structures the contrast increases with the decreasing width 
of the integrated surface as well, however, by shrinking the Ly to about 
Ly = 0.1 ÷ 0.3mm, the curves become flat top. That means that the contrast remains 
nearly the same by further shrinking of Ly. The flat top is the wider the wider the 
auto-covariance function of the surface. 

A more sophisticated way of suppressing side lobes and periodic structures uses the 
proposed dual differential spatial filter (DDSF). This filter is based on a multiple 
auto-correlation principle. The maximum efficiency of the dual differential spatial 
filter can be obtained for minimum width Ly of both differential spatial filters. For 
structured field photo-detectors spatial filter the width of one pixel is suggested. 

Combining the dual differential spatial filter with the optimization criteria, a 
suppression of non-required side lobes and periodic structures can be achieved at 
almost all real surfaces. Following this concept, a very accurate device for velocity 
measurement can be constructed. Such a device is able to measure virtually any 
surface with the highest possible accuracy, the only exception being that of glossy 
materials. 

The presented results are confirmed by theoretical simulations and practical 
experiments. Practical experiments were based on an analyzed commercial device 
and also on a self-constructed measurement setup using a high speed CCD camera. 

The measurement accuracy of non-contact velocity measuring devices based on 
spatial filtering method is ever increasing. Three concepts of spatial filtering 
compete nowadays. The LDV method, the off-chip SFM and the on-chip SFM: 

The off-chip method offers measurement of very high velocities. This is due to 
the use of very fast single-area photodiodes combined with a suitable mask. 
However, with this concept, the adaptation to the surface is naturally limited.  

The on-chip method, which exploits the periodic structure of a CCD (or similar) 
device, offers the potential of an adaptation to the surface, but the maximum 
velocity is limited by the maximum frame rate of the CCD or CMOS chip. 
Constructing the device using CCD or CMOS chip for measuring at very high 
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velocities is still too expensive. The possible solution of how to get all advantages of 
the off-chip and the on-chip realization is to use a field diodes array with proper 
circuitry according to Fig. 2.2 instead of CCD or CMOS chip. This could be an 
inspiration for further research in this interesting field. 
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ABSTRACT 

In the first part of the dissertation thesis, the reader is familiarized with the state 
of the art of the optical methods for transversal velocity measurement. The second 
part of the thesis focuses on the spatial filter design and the analysis of the surface 
structures with the intention to find an optimum adaptation of the spatial filter to the 
material surface properties. In this chapter an improved spatial filter is proposed – 
the dual differential spatial filter. Finally, in the third chapter, the simulated and 
computed results are verified using a commercial device and an assembled CCD 
velocity meter, which were both based on the spatial filtering method.  

ABSTRAKT 

V první části disertační práce je čtenář seznamován se současným stavem 
optoelektronických metod pro měření transverzální rychlosti, především však 
s metodou prostorové filtrace. První část druhé kapitoly se zabývá teoretickým 
popisem a návrhem prostorového filtru. Je prováděna analýza povrchových struktur 
s následným vyhodnocením. Jsou stanoveny optimalizační kritéria pro potlačení 
nežádoucích periodických textur povrchu a návrh prostorového filtru. V této 
kapitole je rovněž navržena a popsána vylepšená verze prostorového filtru - dvojitý 
diferenciální prostorový filtr. V třetí kapitole jsou prezentovány výsledky měření. 
Stěžejní výpočty a simulace z druhé kapitoly jsou zde ověřeny na komerčním 
zařízení a na navrženém měřícím systému využívajícím rychlostní CCD kameru.  
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