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Abstract. The angle-resolved scattered light sensor OS500  is an optical measuring device that is 

becoming more and more frequently used in industrial applications and for the characterization of 

surfaces in general as well as for measuring roughness and shape. The angle-resolved measurement 

principle allows the statistical distribution of the gradients of a surface, resulting from the 

reflectance of the light at the flank angles of the areas examined, to be measured and consequently 

enables the geometric surface texture to be evaluated.  Thus the topography of surfaces is not 

measured; instead the gradients are evaluated. Since the scattered light sensor measures angles and 

not distances, the sensor is immune to out-of-plane vibrations in the direction of measurement. 

Another distinct characteristic of the scattered light sensor is the high degree of sensor dynamics, 

which when combined with the statistical analysis of the surface angles, allows even the finest 

changes in the surface structure to be detected. Accordingly, it makes sense to use the sensor to 

monitor processes in which the surfaces and their structures change only slightly during the 

manufacturing process. One such process is so-called vibratory finishing. This process and several 

other manufacturing processes geared towards sustainable manufacturing methods are being 

examined by the “Department of Mechanical and Aerospace Engineering” at the University of 

California, Davis (CA, USA). On the basis of a ray tracing model, simulations calculations, 

meaning only virtual measurements, will demonstrate the suitability of the sensor for monitoring 

manufacturing. 

Introduction 

Angle-resolved scattered light measurement technology can be used for the characterization of 

geometric surfaces as well as for measurement of roughness and shape. As described in [1, 2], 

shapes can be measured by integrating surface gradients. Technology that measures shape and 

roughness is useful in the manufacturing of wafers for producing computer chips as well for general 

applications involving industrial quality control of micro-finished surfaces. This topic is examined 

in [3], which also looks at the aesthetic aspects. Use of the underlying measurement principle is 

widespread. And a modified version is used for other applications, e.g. to analyze surface tribology 

[4] or “specular gloss” [5] as well as to detect faults and defects in surfaces. The angle-resolved 

measurement principle allows the statistical distribution of the gradients of a surface to be measured 

and the geometric surface texture to be characterized by examining the statistical distribution of 

scattering angles resulting from the diffuse reflectance at the flank angles. Because it is a physical 

measurement principle, scattered light measurement technology does not measure topography data; 

it only evaluates gradients. The OS500 sensor examined here, made by Optosurf GmbH, evaluates 

only homogeneously illuminated round measuring spots. The diameter of the measuring spot is 

0.9 mmD =  in the ray tracing model applied here. The underlying physical principle is based on 

the so-called mirror facet model (Refer to page 2, bottom). Since the scattered light sensor measures 
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angles and not distances, the sensor is immune to vibrations in the direction of measurement - so-

called out-of-plane vibrations. The results could be e.g. the evaluation of the M  value and the qA  

value (Refer to [6]), which describe the mean gradient of a surface and the standard deviation of the 

surface angle in the direction of measurement. These values have no direct correlation to the 

common roughness parameters aR  and zR  [7] or to the 3D parameters aS  and zS defined in [8] . 

The common roughness parameters are often used in industrial tactile and optical applications to 

characterize geometric surfaces, but the values themselves have only limited significance. This 

situation has already been explained in detail in [9]. The essential advantage of angle-resolved 

scattered light sensors is that, because of the strong dynamics of the photo-sensitive diodes and the 

statistical analysis, even the slightest changes in the surface structure can be measured. So the 

sensor is ideal for e.g. monitoring processes in which very fine changes in a surface structure have 

to be characterized. One such process is vibratory finishing, which will be dealt with in detail here. 

Ray tracing methods are relied on to calculate the geometric ray propagation and determine whether 

the sensor is suitable for the respective application. Since the scattered light sensor is based on the 

mirror facet model mentioned previously, ray tracing works particularly well for the analysis 

performed here. Tessellated data can be applied to mathematically describe components such as 

lenses as well as geometric surfaces in the form of such facets. 

Fundamental Information on Angle-resolved Scattered Light Sensor 

How the angle-resolved scattered light sensor works is explained as follows. An objective with a 

constant focal length is used to focus the collimated light from an LED onto a geometric surface. A 

light spot with homogeneous intensity distribution forms on the surface. The surface texture causes 

the focused light to scatter beyond the measuring spot. The mirror facet theory states that every 

incidental ray can be assigned a distinct reflection angle that is twice the local surface angle. The 

mirror facets are differentiated by single, discrete and equidistant measuring points. The reflected 

light is then displayed on a diode array with the aid of the objective (Refer to Fig. 1, left 

illustration). The angle-resolved scattered light sensor OS500  utilizes 32 photodiodes, arranged in 

an array, that measure scattering angle distribution with dynamics of 16 bits in one dimension. The 

roughness of a surface in the direction of measurement can then be characterized applying the 

resulting distribution. And with the center of gravity of the distribution, the mean gradient of the 

surface can be calculated. When the surface structure is isotropic, sensor alignment and thus diode 

array alignment are irrelevant. In this case the sensor cuts the resulting scattering cone and evaluates 

it according to the alignment of the diode array. When the surface is anisotropic, e.g. a ground 

surface, the directional dependency (anisotropy) of the surface structure must be taken into 

consideration when aligning the sensor. 

Virtual Measurement of Geometric Surfaces on the Basis of Scattered Light 

Virtual measurements were performed to determine whether the scattered light sensor is suitable 

for evaluation of vibratory-finished surfaces. A complete model of the sensor was created and can 

be used as a ray tracing model for virtual measurement of synthetically generated surfaces as well as 

of surfaces that have actually been measured. The basic principles of this virtual, optical 

measurement process are explained here. 

The virtual measurements are based on non-sequential ray tracing methods that allow the 

geometric beam diffusion to be calculated by specifying the optical components of the sensor and 

the known topography. This is how this method differs from the principle of describing the optimal, 

mathematical transmission characteristics as explained in [2]. In this case, a grid based on the 

standard tessellation language (STL) represents the topography of a surface. The fundamental 

principle for generating the triangles to describe the geometric surface, so-called mirror facets, has 

already been explained in [10]. Applying the methods described here allows mirror facets to be 
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generated and thus the reflection behavior of surfaces - and on that basis the scattered light 

distribution - to be realistically approximated. 

 

 
The resulting scattering angle distribution is a factor of the intensity assigned to each individual 

light ray and the intensity as a consequence of the radiation properties of the virtual light source as 

well as the arrangement of the geometric components in space. The arrangement and properties of 

the optical components are available from the manufacturer of the scattered light sensor. 

Evaluations performed in conjunction with the transfer characteristics of the sensor confirm that the 

arrangement and properties are correct. Fig. 1 shows how the non-sequential VTK-based ray tracing 

model was set up. The intensity distribution can be measured on a virtual, planar detector within the 

virtual space. The VTK program also has a post-processing feature that offers the option of 

measuring the intensity distributions and analyzing the virtual data after the ray tracing process. 

When mathematical aspects are applied, the local intensity values that can be measured with the 

virtual detector correspond to geometric intersections of light rays that spread out linearly in 

restricted spaces. The wave character of the light is neglected when these modeling approaches are 

used. Because the resolution of the virtual detector is laterally limited, multiple ray interactions with 

the same pixel of a virtual detector lead to a higher, locally measurable intensity value, which has to 

be corrected as a factor of the number of intersections. The calculated intensity values can then be 

used to calculate parameters and characterize the geometric surface. 

 

Figure 1. Non-sequential ray tracing model of the angle-resolved scattered light sensor and detailed 

view of a topography (1024 x 1280 measuring points) measured and triangulated with a confocal 

microscope, in the form of a mirror facet model as specified by [1]. Illustrations created with the 

Visualization Tool Kit (VTK). 
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Figure 2. Left: Gray-scale image of a triangulated, ground surface (image created with VTK); 

center: scattering cone; right: color-coded, two-dimensional scattering angle distribution, measured 

with a virtual planar-detector while assuming perfect reflection behavior and illustration of the 

calculated, one-dimensional scattering angle distribution. 

Triangulated topography data, measured with a Zeiss confocal microscope, type Axio CSM 700, 

at the AMCaT lab at the College of Engineering, University of California, Davis was utilized to 

characterize surfaces. The process used a objective with 20x magnification as well as a numerical 

aperture NA 0.6= . This objective was selected because of the relatively high acceptance angle, 

allowing greater surface gradients to be measured. The consequential, smaller measuring areas were 

acceptable. Fig. 2 shows a vertical view, measured with an objective and 20x magnification of such 

a triangulated topography rendered with VTK. Because of the limited size of the measuring area and 

the lack of stitching options to expand the measuring area, the topography was scaled (factor of 2). 

This increased the size of the measuring area and enabled the measuring spot of the virtual sensor 

model with a diameter of 0.9 mmD =  to be projected in whole onto the virtual surface. The surface 

gradients and their characteristics were not modified when scaled. 

In the course of testing, different types of geometric surfaces, each calculated using confocal 

data, were measured with the sensor model OS500 . Examples of the fundamental, color-coded 

characteristic topographies of the surfaces and the corresponding material ratio curves are shown in 

Fig. 3. Four different types of manufacturing processes, i.e. extrusion, grinding, sawing, and 

tumbling were used in this study. 304 stainless steel were used as test materials having dimension of 

1 inch x 1 inch x 1 inch square cubes. A Dremel 4000 handheld power tool and resin bonded 

alumina sanding bands were used to prepare ground surfaces under 5000 rpm rotational cutting 

speed. All grinding operations were running under dry cutting conditions, performed by the same 

subject to improve the consistency of machining process. Whereas, extruded surfaces are prepared 

by fixed cross-sectional die either by heat treated or cold worked condition. Sawed surfaces were 

prepared by using narrow spaced teeth named saw blade. The surfaces can be characterized with the 

aid of function-oriented values. The differences between the various surfaces are obvious when one 

examines the material ratio curves. While the rolled surface shows a relatively wide plateau around 

the core roughness, the core roughness is unevenly distributed on the sawed surface. Thus higher 

values are to be expected for the 3D parameter kS  (Refer to [8]). 
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Figure 2. Top row: Color-coded topographies, measured with a Zeiss confocal microscope. Bottom 

row: Material ratio curves of the characteristic surfaces shown above (left: extruded surface; center: 

ground surface; right: sawed surface). 

The distribution of the gradient is an essential aspect of surface measurement. The maximum 

surface angle ,maxCθ  that can be measured with a confocal microscope is calculated as a factor of the 

numerical aperture NA  of the objective and of the refractive index of the environment air 1.00n ≅ . 

Thus the angle is 

,max ,NA

air

1 1 NA
arcsin 18.43

2 2
θ ϕ

 
= ⋅ = ⋅ ≅ ° 

 
C C

n
.  (1) 

The greatest surface angle that can be measured with an angle-resolved scattered light sensor is a 

factor of the objective aperture and its focal length. The modeled sensor OS500 covers a maximum 

angle range of SLS,NA2 32ϕ⋅ = ° . Thus the following applies to the maximum surface angle that can 

be measured: 

SLS,max SLS,NA ,max

1
8

2
Cθ ϕ θ= ⋅ = ° .  (2) 

Consequently, the confocally measured surfaces do not pose a limit in regard to the measuring range 

of the angle-resolved scattered light sensor. 

Approaches for Monitoring Vibratory Finishing Processes 

Characterization of vibratory finishing processes is a potential application for the angle-resolved 

scattered light sensor OS500 , which will be examined here. The vibratory finishing process uses 

any number of grinding tools that apply friction to create abrasion and stochastically process the 

surface of metal objects. Vibratory finishing is often used in technical applications for final 

processing to achieve certain surface properties. Increasing the material contact area should be 

mentioned in this context, because it is relevant e.g. when finishing gear wheels. Different 

parameters can be used to characterize machined surfaces. The parameters specified in [8] are 

particularly suitable, because there is a correlation to the material distribution of a topography. This 
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allows the core roughness kS  to be calculated as an Abbott curve with the aid of the areal material 

ratio. Fig. 4 illustrates the method used to determine function-oriented values. The areal material 

ratio can be increased with vibratory finishing. This is achieved particularly by reducing the peaks, 

represented by the 3D parameter pkS  describing the reduced height of the peaks. Other parameters 

such as 
mr1S  and 

mr2S , which can be derived from the Abbott curve, can be expected to be impacted 

as well. While the processing of some surfaces such as aluminum is relatively simple to monitor, 

monitoring the finishing process for steel costs a lot of time. This is attributable to the greater 

hardness and the longer time required for the abrasive stripping process. Monitoring is especially 

difficult because a lot of time is needed for topography measurements, e.g. with a confocal 

microscope or a short-coherent interferometer. In contrast, the scattered light sensor works with 

measuring frequencies up to 2 kHz and provides statistical information in gradient distribution of 

the geometric surface. So using the sensor between the individual processing steps offers 

significantly more information in much shorter measuring times.  

 
Figure 3. Determination of function-oriented parameters as a factor of the areal material ratio as 

specified by [8]. Illustration of the core roughness 
kS  of a surface as well as the material ratios of 

the peak heights and valley heights 
mr1S  and 

mr2S  as specified by [8]. 

The problem with angle-resolved scattered light measurement technology is that the function-

oriented parameters derived from the material ratio curve (See Fig. 4) cannot be directly portrayed 

with the scattered light sensor. But since grinding strongly impacts these parameters, a correlation 

analysis between these parameters and a parameter that can be measured with the scattered light 

sensor has to be performed. As stated in [8], one parameter that can be shown with the sensor is the 

mean square gradient of the scale-limited surface. Depending on the topography ( ),z x y  as well as 

the vertically projected infinitesimal surface element dA dx dy= ⋅  of the topography, the parameter 

is calculated to be 

( ) ( )
2 2

dq

, ,1
S

∂ ∂

 ∂ ∂   
= ⋅ + ⋅ ⋅    ∂ ∂    

∫ ∫
y x

z x y z x y
dx dy

A x y
. (3) 

The parameter dqS  is the two-dimensional equivalent of the variance of the scattering angle 

distribution and is stated and calculated with the aid of the qA  value specified in section 4.4.2 of 

[6]. It is calculated directly from the scattering angle distribution ( )nH ϕ  as a factor of the discreet 

scattering angle nϕ . If the topography is anisotropic, the following applies to the surface angle xθ  in 

x  direction 

( ),1
arctan

2
θ ϕ

∂ 
= ⋅ =  

∂ 
x

z x y

x
.  (4) 

ϕ  is the measured reflection angle in this case and is equivalent to twice the surface angle. The 

following applies under these conditions 
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( ) 2
dq

1 1
S tan

2
ϕ ϕ

∂

 = ⋅ ⋅ ⋅ ⋅ 
 ∫

A

dx dy
A

   (5) 

with 

( ) ( )
2

2
dq

1 1 1
tan S ,

2 2 4
ϕ ϕ ϕ ϕ

∂

⋅ ⋅ ≅ ⋅ ⇒ ≅ ⋅ ⋅ 
  ∫

A

dx dy
x y

A
. (6) 

For smaller gradients, the square of ( )dqS ϕ  is approximately proportional to the parameter 

determined with the scattered light sensor 

( ) ( )2

q

1

A Mϕ ϕ
=

= ⋅ − ⋅∑
N

Aq n n

n

k H  .  (7) 

The correction factor Aqk  normalizes this value. If it is assumed that a surface A  to be measured is 

homogeneously illuminated, the scattering angle distribution can then be directly translated to the 

described integral pursuant to equation 3. 

Impact of Material Stripping in Function-oriented Parameters 

Examination of the material ratio curve (Abbott curve) allows parameters of geometric surfaces 

that change during vibratory finishing to be calculated. It is to be expected that the mechanical force 

applied during vibratory finishing will remove particularly the peaks from the topography. This 

abrasive process can be detected in Fig. 5 when one looks at confocally measured, color-coded 

topographies at different processing times. Especially a change in pkS  is to be expected in this 

context. The other parameters are impacted by the grinding process as well. 

Figure 4. Changes in topography caused by the vibratory finishing process (rolled surface,  

sample 1). Depiction of color-coded topography at the discrete time steps 0t  to 3t . 
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First the Abbott curve for an unprocessed surface is examined. The curve is defined by the 

function ( )f x  in the range of [ ];1x x∈ ∆ , and 0x∆ = . The variable x  describes the material ratio. If it 

is assumed that the finishing process removes material only from the peaks of the topography, 

stripping can be described in simplified terms by shifting the Abbott curve by 0x∆ ≥ . The secant 

( )xh x∆  can be calculated following the information in [8], chapter 5.2 with 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
0 0

0
x

s s

x

s s

f x f x f x f
x fh x x x f x

x x x

∆ =

∆

− ∆ −
= ⋅ −∆ + ∆ = ⋅ +

− ∆
  (8) 

(Refer to Fig. 6). The tangent point sx  is then calculated as 

( ) ( ) ( ) ( ) ( ) ( )
: 0 0 '

sx s

s s

s s s s

f x f xh x f x f x
x f x

x x x x x x x

∆ − ∆− ∆∂   ∂∂
= ⇒ = ⇒ = −   

∂ ∂ ∂ − ∆ −∆   
. (9) 

Chapter 5.2 of [8] specifies that the equivalent line is calculated between the limits sx  and 

( ) ( )0,4 1t sx x x x∆ = − ⋅ − ∆  applying linear regression. The linear equation is then 

( )x x xg x m x n∆ ∆ ∆= ⋅ +    (10) 

with 

( ) ( )

( ) ( )

( )
( )

( )
( )

2s s s

ttt

ss s

t tt

xx x

x x x x x xx

xx x
x

x x x x x x

x dx x dx f x x dx
m

n x dx dx f x dx

∆ ∆∆∆

∆
∆∆ ∆

   ⋅ ⋅ ⋅ ⋅   
⋅ =     

  ⋅ ⋅  
   

∫ ∫ ∫

∫ ∫ ∫
. (11)

With the aid of equivalent lines, the function-oriented parameters can be calculated as 

( ) ( ) ( )kS 1∆ ∆∆ = = ∆ − =xxx g x x g x ,  (12) 

and 

( ) ( )
( )( )

( )pk

max

S ∆

=

∆ = = ∆ − = ∆
 x

f x

x f x x g x x   (13) 

and 

( ) ( ) ( )
( )( )

vk

min

S 1 1∆

=

∆ = = − =
x

f x

x g x f x .  (14) 

So changing the gradient of the equivalent line impacts the core roughness as well as the reduced 

peak height and reduced valley height of the topography. While a significant change in the 

parameter is to be expected for the peaks as a result of the correlation described in eq. 13, the impact 

on the parameters kS  and vkS  is only slight, as demonstrated in eq. 12 and eq. 14. The impact of 

vibratory finishing on the core roughness 
kS  depends particularly on the course of the Abbott curve 

between the tangent points sx x=  and tx x=  (Refer to Fig. 6). Greater curvature of the course of the 

functions means greater changes to 
kS . When the Abbott curve is flat, e.g. in the case of rolled 

surfaces, the parameter changes only slightly. While 
kS  is a factor of the equivalent lines, the 

parameter to describe the reduced peak height pkS  depends primarily on the extent to which the 

peak was reduced. In addition to the described parameters, the material ratios 
mr1S  and 

mr2S  change 

as well. These can be estimated on the basis of Fig. 4, with  
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( ) ( ) ( ) ( ){ }mr1 pkS : S∆ = = ∆ − ∆ −∆x x f x f x x x    (15) 

and 

( ) ( ) ( ){ }mr2 vkS : S∆ = = ∆x x f x x   (16) 

and are stated for the sake of completeness. 

 

Figure 5. Calculation of the parameters pkS , kS  and 
vkS  pursuant to [8] (Refer to Fig. 4) and 

illustration of the impact of material stripping from the peaks by shifting the material ratio curve by 

x∆  along the abscissa. Illustration of the reduced peak height (upper area), the core roughness 

(middle area) and the reduced valley height (lower area). 

Virtual Scattered Light Measurement and Data Analysis 

Although the description of function-oriented parameters demonstrates a causal correlation 

between the reduction of peaks in a topography and the anticipated change to the function-oriented 

parameters, there is no direct, functional correlation between the reduction of peaks and the change 

in gradient distribution of the geometric surface which is ultimately to be measured with the angle-

resolved scattered light sensor. However, under physical aspects, it can be assumed that the 

resulting material reduction leads to a decrease in the mean square gradients of the scale-limited 

surface pursuant to eq. 3. This is applied to surfaces with considerable roughness, which is the case 

with the surfaces here (Refer to Fig. 3). To establish that the scattered light sensor is suitable for 

monitoring of the vibratory finishing process, confocal data recorded at discrete times is used for the 

evaluation - as described earlier. Because the surface is anisotropic, ten steel samples taken at 

different times in the course of the process are used to analyze the data. All ten-test samples were 

prepared either by extrusion, grinding, or sawing machining first and then followed by tumbling 

process under different time point. Different machining processes (i.e. extruded, grinding, sawing) 

create different surface texture. We are aiming to see how the tumbling process acts on different 

surface texture under different tumbling time. The measured surfaces serve as the calculation basis 

for the scattered light simulation (Refer to virtual measurement setup in Fig. 1). This allows virtual 

scattering angle distributions to be simulated and then, applying the simulated distributions, qA  

values can be calculated for the discrete processing times (Refer to Table 1 and Fig. 1). An analysis 

is performed to determine how well the function-oriented parameters correlate to the course of qA  

and dqS  pursuant to eq. 3. To examine the correlation between two values  ix  and  iy , the coefficient 

of correlation  ,
corr

x y
 is calculated. The result is 

 

 ( )  ( )
 ( )  ( )

, 2 2
corr

i i

i

x y

i i

ii

x x y y

x x y y

− ⋅ −
=

− ⋅ −

∑

∑ ∑
  with  ,

1 corr 1
x y

− ≤ ≤ + . (17)
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To calculate the correlation between qA  and the course of the value of the reduced peak height pkS , 


q,iA=ix  and  pk,iS=

i
y  may e.g. apply. The index i  describes the discrete time step in the vibratory 

finishing process. Table 1 shows the virtually measured qA  values for ten cubic steel samples 

(sample A to J) and the discrete processing steps. A decrease in the qA  value for the examined 

samples is apparent, which indicates a decrease in the angle distribution due to an increase in the 

flat sections. Fig. 7 clearly shows this as well as the course of the trend line. 

 
Figure 6. Course of the qA  values (measured virtually with ray tracing) during vibratory finishing 

of ground steel samples, shown as compared to the processing time for samples A to J, based on 

topography data measured with a confocal microscope and 3x3 median filtering. 

Table 2 provides an overview of the correlation of the course of function-oriented parameters 

pursuant to eq. 15 that can be calculated on the basis of the material ratio curve. S-filtering of the 

topography in the sense of [11] was not applied. The results in Table 2 show mostly good 

correlation for the function-oriented parameters examined. Using the data stated here, the mean 

coefficients of correlation are calculated to be 66.3 % ( pkS ), 73.4 % ( kS ) and 67.9 % ( vkS ). 

Individual variances (Refer to parameter for vkS , sample F) can be attributed to faulty data. 

Particularly the core roughness kS  correlates very well to the variance of the scattering angle 

distribution that can be measured and evaluated directly with the angle-resolved scattered light 

sensor. 

Table 1. Course over time (based on virtual measurements) of qA  of ground surfaces (sample 2) in 

relation to the processing duration of the vibratory finishing process, taking into consideration 3x3 

median filtering of the topography data measured with the confocal microscope. 

 
Calculated Aq values for discrete process time steps 

30 min 60 min 120 min 240 min 360 min 480 min 

A 52.66 58.20 49.04 42.74 42.72 48.08 

B 51.92 55.67 54.65 43.26 36.64 41.50 

C 55.82 51.19 51.79 46.04 40.56 44.06 

D 52.15 46.16 53.03 49.17 41.66 44.82 

E 47.84 50.25 46.02 35.45 42.81 38.92 

F 57.65 41.38 40.02 38.38 40.26 40.28 

G 60.37 57.98 54.76 49.09 27.47 39.97 

H 49.63 50.80 49.48 43.48 43.30 46.98 

I 59.43 49.00 50.17 38.84 21.83 41.31 

J 52.63 55.96 55.12 41.71 18.92 46.00 
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Table 2. List of calculated, function-oriented parameters of vibratory-finished surfaces of different 

samples (sample A to J) at various times during processing. Calculation of coefficient of correlation 

based on the surfaces actually measured with the confocal microscope and the qA  values, measured 

virtually on the same surfaces, listed in Table 1. 

Sample Parameter 
Process time steps Correlation 

 ,
corr

x y
 

30 min 60 min 120 min 240 min 360 min 480 min 

A 

pkS   3.55 µm 2.03 µm 0.74 µm 0.74 µm 0.79 µm 0.57 µm 0.64  

kS  5.97 µm 5.68 µm 4.26 µm 2.49 µm 1.98 µm 1.78 µm 0.84  

vkS  3.55 µm 3.28 µm 3.97 µm 2.59 µm 2.03 µm 2.49 µm 0.63  

B 

pkS  4.77 µm 3.94 µm 1.18 µm 0.52 µm 0.76 µm 0.70 µm 0.68  

kS  5.70 µm 4.67 µm 2.90 µm 1.51 µm 1.72 µm 1.85 µm 0.76  

vkS  4.95 µm 5.65 µm 2.69 µm 1.50 µm 1.36 µm 1.36 µm 0.82  

C 

pkS  3.75 µm 3.59 µm 1.48 µm 0.79 µm 0.82 µm 0.68 µm 0.82  

kS  4.79 µm 5.56 µm 3.25 µm 2.18 µm 1.79 µm 1.77 µm 0.83  

vkS  2.57 µm 2.50 µm 2.47 µm 1.48 µm 1.10 µm 1.49 µm 0.96  

D 

pkS  2.37 µm 2.72 µm 1.32 µm 0.68 µm 0.74 µm 0.50 µm 0.35  

kS  4.20 µm 4.28 µm 3.02 µm 1.90 µm 1.67 µm 1.58 µm 0.51  

vkS  2.91 µm 2.81 µm 2.19 µm 1.70 µm 1.14 µm 1.04 µm 0.64  

E 

pkS  3.41 µm 2.84 µm 3.47 µm 1.66 µm 1.75 µm 1.89 µm 0.80  

kS  5.79 µm 6.25 µm 3.96 µm 3.39 µm 2.72 µm 2.10 µm 0.80  

vkS  7.48 µm 7.43 µm 6.36 µm 6.11 µm 6.86 µm 5.63 µm 0.82  

F 

pkS  2.25 µm 2.22 µm 1.02 µm 0.78 µm 0.69 µm 0.65 µm 0.69  

kS  5.09 µm 4.97 µm 3.78 µm 2.90 µm 2.33 µm 2.09 µm 0.63  

vkS  2.10 µm 2.05 µm 2.01 µm 2.13 µm 1.53 µm 2.55 µm 0.05  

G 

pkS  3.31 µm 2.73 µm 1.91 µm 0.80 µm 1.43 µm 0.78 µm 0.67  

kS  7.44 µm 4.45 µm 3.83 µm 2.05 µm 2.00 µm 2.00 µm 0.75  

vkS  4.88 µm 3.18 µm 3.74 µm 0.95 µm 2.40 µm 1.15 µm 0.58  

H 

pkS  3.18 µm 1.83 µm 1.00 µm 0.73 µm 0.74 µm 0.61 µm 0.63  

kS  5.16 µm 4.21 µm 3.46 µm 2.48 µm 2.03 µm 1.30 µm 0.71  

vkS  3.43 µm 3.02 µm 2.32 µm 1.73 µm 0.76 µm 1.14 µm 0.81  

I 

pkS  2.11 µm 2.49 µm 1.09 µm 0.64 µm 0.76 µm 0.51 µm 0.65  

kS  4.01 µm 3.35 µm 2.42 µm 1.76 µm 1.49 µm 1.44 µm 0.82  

vkS  4.10 µm 4.00 µm 2.76 µm 1.45 µm 1.37 µm 0.82 µm 0.75  

J 

pkS  2.98 µm 2.42 µm 1.64 µm 0.84 µm 0.60 µm 0.83 µm 0.70  

kS  4.53 µm 4.49 µm 3.23 µm 2.05 µm 1.71 µm 1.56 µm 0.69  

vkS  3.58 µm 3.42 µm 2.77 µm 2.24 µm 1.71 µm 1.71 µm 0.73  

 ,
corr 0.60

x y
>       ;    ,

0.60 corr 0.30
x y

≤ ≤       ;    ,
0.30 corr

x y
>     
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Summary 

The results of virtual, optical measurements made with the OS500  model of the angle-resolved 

scattered light sensor manufactured by Optosurf GmbH in Ettlingen, Germany show that, when the 

vibratory finishing process is monitored at random points, there is a good correlation between the 

function-based parameters and the variance of the scattering angle distribution. Because the sensor 

is highly sensitive to changes in the distribution of the surface angles, it can potentially be used to 

monitor grinding processes, making it a quick and inexpensive alternative to expensive and time-

consuming confocal or interferometric surface measurement. With only a few exceptions 

attributable primarily to the topographies examined here as well as measurement errors, the 

coefficients of correlation between qA  and the function-oriented parameters are within a range of 

values that justifies further analysis and actual examinations. So the next step is to perform actual 

measurements with the OS500  scattered light sensor and to examine the extent to which the virtual 

model and the real sensor provide comparable results. Since the behavior of the sensor model has 

already been evaluated in earlier tests, only minimal deviations are to be expected. 

Even though the examinations have revealed very good correlations between the parameters, the 

question of the extent to which the variance of the scattering angle distribution can provide reliable 

information on function-oriented parameters remains. Thus comprehensive testing and 

recommendations on the basis of empirical experiences are still needed. 
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