
Standard Gaussian filter

In surface finish analysis, filters are used to separate roughness from waviness. The standard filter used is the Gaussian 
filter as specified in ISO 16610-21. This is a linear filter that has a well-defined transmission characteristic, whereby the 
percentage transmission for any wavelength can be readily calculated.

Undesirable side effects

In certain circumstances, such as surfaces that have been multi-processed, these linear filters have undesirable side effects. 
For example, the Gaussian filter can be strongly influenced by outliers, e.g. sharp peaks or valleys [1] [2]. The problem can 
be described in relation to Figure 1.

Here, a portion of a plateau honed surface has been filtered by a Gaussian filter. The blue profile represents the levelled 
raw profile and the red line shows the filter mean line.
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Figure 1 - Mean line (red) using Gaussian filter (cutoff wavelength = 0.8 mm) applied.

Figure 2 - Profile lifted by Gaussian filtering.

The filtered profile is obtained by subtracting the filter mean line from the primary profile. It can be seen that, close to 
x = 2.7 mm, the Gaussian mean line “dips” into the valley. When the mean line is subtracted, the valley is effectively “lifted”, 
reducing the valley depth as shown in Figure 2. At the same time, data either side of the valley is also lifted, increasing the 
maximum height of the profile. These effects are clearly undesirable.
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Robust Gaussian filter

A different approach

In cases such as those outlined above, a different approach to filtering is required. One such approach is to use a non-linear 
version of the Gaussian filter that is “robust” against sharp peaks and valleys, i.e. where the filter mean line is not heavily 
influenced by these features as shown in Figure 3. This approach gives rise to the “robust Gaussian” filter, which has been 
described in ISO 16610-31.

Benefits

This type of f ilter is particularly useful for analysing surfaces that possess sharp peaks and valleys, such as plateau-honed 
surfaces and cast or sintered surfaces. The filter uses an iterative technique that effectively alters the weighting of the 
Gaussian filter function in the region of an outlier. This results in a filter mean line that is much less sensitive to outliers, such 
as sharp peaks or valleys.

The benefits of this approach can be seen in Figure 3, where the same surface used in Figure 1 has been filtered by means of 
a robust Gaussian filter of the same wavelength as that used in Figure 1. It is clear that the filter mean line follows the upper 
surface more closely. As a result, the valley is lifted much less than before, and the data either side of the valley is hardly shifted 
at all from the original profile. The two roughness profiles resulting from the two filters are compared in Figure 4.

Figure 3 - Mean line (red) using Robust Gaussian filter (cutoff wavelength = 0.8 mm, order = 2) applied.

Figure 4 - Comparison between Roughness using Gaussian and Robust Gaussian filters (order = 2).

The robust Gaussian approach therefore gives a much better evaluation of the peak and valley parameters of the surface. 
This is indicated numerically in Table 1, where the peak and valley parameters of the two roughness results are compared 
against the primary analysis results. It is clear from the table that the standard Gaussian filter alters the valley depth very 
signif icantly compared to the primary or robust Gaussian filter. The other amplitude parameters are also affected. The 
increase in Rt value after applying Robust Gaussian filters is due to the change in the levelling in the profile.
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Summary

The Robust Gaussian Filter is a non-linear filter, well-suited to deal with profile outliers. It addresses side effects that can 
occur when using a Standard Gaussian Filter for such profiles.

In Metrology 4.0 software, the order of the Robust Gaussian Filter can be selected from zero to two and the most common 
order used is either two or zero.

Further details of the Robust Gaussian Filter are contained in ISO 16610-31.

Using Robust Gaussian filters

Three types of f iltering using a Robust Gaussian filter are available in the latest Metrology 4.0 analysis: order 0, order 1 
and order 2. The order here means the order of the polynomial function used to approximate the original profile in the 
calculation of the mean line [3]. The higher order tends to yield a smoother mean line as shown in Figure 5. The most 
commonly used Robust Gaussian filter is order two, otherwise order zero is used.

Figure 5 - Raw profile and the mean lines after Robust Gaussian filtering with different orders.
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Filter Primary Gaussian
Robust

Gaussian 0*

Robust
Gaussian 1*

Robust
Gaussian 2*

Parameter μm μm μm μm μm

Pq / Rq 1.17 0.88 0.99 0.99 0.99

Pp / Rp1max 1.19 1.81 1.23 1.23 1.23

Pv / Rv1max 9.32 8.05 9.40 9.40 9.39

Pt / Rt 10.50 9.86 10.63 10.63 10.62

Table 1 - Comparison of results from Primary analysis and Roughness analysis

* The number indicates the order of Robust Gaussian filter.
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Further Technical Notes

Introduction to co-ordinate systems

There are significant advantages of the Form Talysurf® PGI NOVUS part 
co-ordinate system over a traditional instrument-based co-ordinate system.

Traditionally, profilometers use a co-ordinate system based around the instrument 
axes. In Metrology 4.0 this is called the Instrument Co-ordinate System (ICS). Here, 
X, Y, and Z refer to the machine’s axes. X is the traverse unit and runs from left 
to right, the linear Y stage is typically mounted orthogonally and runs from front 
to back. A vertical columns provides the Z axis and runs up and down. This co-
ordinate system represents 3D movement around the working area. It is useful for a 
wide range of applications and all axes can be controlled very precisely (Figure 1).

However, many applications require a different approach where an ICS alone would 
have limitations. The Form Talysurf® PGI NOVUS Part Co-ordinate System (PCS) 
provides the basis for constructing a new co-ordinate system that is built around 
a part’s alignment, orientation and origin. This allows precise and rapid movement 
around the part with respect to the design profile with respect to the design.

For the first time, the stylus tip is fully positionable around the sample, using Taylor Hobson’s unique SMART 
Move and Part Co-ordinate System (PCS).

Form Talysurf® PGI NOVUS and Metrology 4.0 software

Simple measurement of complex parts
James Porter, Applications Engineer

Technical Note T165: PCS and SMART Move for speed, accuracy and ease of use
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Part Co-ordinate System (PCS)

What is PCS?

The part co-ordinate system concept makes the measurement 
of a component much easier to visualise and understand. It gives 
a local frame of reference to which the locations of features are 
defined. When a technical drawing is created, the dimensions and 
features are defined from a common reference point (origin) and 
associated axes. 

The PCS co-ordinate system takes this concept and allows the 
measurement of the part to be conducted using the reference 
point and axes. 

When it comes to the measurement of the component, the 
part’s reference point and axis are set as the new PCS origin. 
This then allows the Metrology 4.0 software to position the 
stylus tip on any desired feature with exceptional accuracy. 

Figure 2 shows a part measurement with a PCS origin attached 
to it. The part co-ordinate system is denoted by the blue, 
green and red arrows. Once the origin has been set, the co-
ordinate system is maintained even with rotation of the rotary 
stages (Figure 2). After rotation, any subsequent measurement 
will maintain its relationship with the PCS of the previous 
measurement.

Figure 1 - Instrument co-ordinate system 
(ICS) of the Form Talysurf® PGI NOVUS

Figure 2 - Example showing how the PCS co-ordinate 
system is maintained after rotating the part through 90°
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Introduction to variable programming

Metrology 4.0 programs use variables in order to create 
fewer, more advanced programs. This makes it ideal when 
there are multiple parts or features of similar design. 

One of the biggest advantages of the software is that it allows 
multiple part types to be measured with only one program. 
This has many benefits including the advantage of only having 
one program to maintain. It also saves a considerable amount 
of time, in that only a single program needs to be written. 
This is extremely useful in cases where many parts are 
manufactured with similar designs or have similar features. Any 
input can be defined as a variable ranging from a measurement 
length to an analysis tolerance. 

Bearing manufacturers, for example, will often have many 
different types of bearing as well as many different sizes. The 
use of variables with Metrology 4.0 provides a comprehensive 
solution using a single program.

This technical note gives an example of four typical steps that can 
be used when carrying out Metrology 4.0 variable programming.

Form Talysurf® PGI NOVUS and Metrology 4.0 software

Measurement of multiple parts 
and features using a single program
James Porter, Applications Engineer

Technical Note T166: Using variables to measure many parts with only one program
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Step 1 - Determination of part type

For the program to be able to measure different sizes of 
part, there needs to be a way of detecting which part type is 
about to be measured. Metrology 4.0 allows different ways of 
selecting a part type. This can be done through a variety of 
methods, three of which are detailed below:

1. Barcode scanner
The part details could be obtained via the use of a barcode  
reader (Figure 2). Once the barcode has been scanned the 
characteristics of the component can automatically be loaded 
into the program. This is very efficient and is designed for the 
production environment. The barcode scanner removes the 
likelihood of operator mistakes.

2. User input
The user can be prompted to input the type of part via a dialog 
box (Figure 3) that is displayed once the program is run. The 
user simply selects which part is present and the program 
reads in the information and updates the parameters that are 
used in the program.

Figure 2 - Metrology 4.0 has been designed to be used on the 
shop floor. Barcode readers can be used quickly and efficiently 

to identify samples and automate the inspection process.

Figure 1 - Metrology 4.0 allows a pallet of parts to 
be measured using a single program. The program 

automatically adapts to the sample design. 

Figure 3 - A bespoke dialog box can be used for the 
user to input part information - this is then used to 

determine which part is to be measured

Introduction

A good alignment of the gauge is essential to good measurements 
when using a surface profilometer. Historically, some skill and 
experience would have been required to carry out the alignment. 
This is no longer the case when using the new Form Talysurf® PGI 
NOVUS and Metrology 4.0 software. 

Form Talysurf® PGI NOVUS systems (Metrology 4.0 software) 
perform automated alignment calculations, with interactive 
operator instructions for adjustments. An alignment angle of 
≤0.01 degrees can be easily achieved, providing a foundation 
for accurate measurement of diameter and other dimensions.

In this technical note, we outline the gauge alignment procedure, 
give guidelines for best practice and show typical results.

Form Talysurf® PGI NOVUS and Metrology 4.0 software

Gauge alignment
Hirokazu Yoshino, PhD, Applications Engineer

Technical Note T167: Form Talysurf® PGI NOVUS Gauge alignment
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Gauge alignment procedure

Please use the Table 1 below to align the gauge. 

Note: The gauge alignment affects the calibration result and vice versa, so the full process will be interactive, as below:

Step Description Action

1 Initial gauge calibration
Run gauge calibration routine:
The resulting calibration allows us to start the alignment process.

2 Initial gauge alignment
Run steps A-F of the gauge alignment routine (see page 2):
At this stage, only approximate alignment is required. Aim for approximately 0.03 degrees.

3 Gauge calibration
Run gauge calibration routine:
This Gauge calibration will be applied to the subsequent Gauge alignment (Step 4).

4 Gauge alignment
Run steps A-F of the gauge alignment routine (see page 2):
Aim for approximately 0.01 degrees.

5 Final gauge calibration
Run gauge calibration routine:
The gauge calibration will be more reliable because the gauge is well aligned.

6 Gauge alignment check
Run steps A-D of the gauge alignment routine (see page 2):
Double check and ensure if the angle ≤0.01 degrees.

Table 1 - Full gauge alignment procedure

Introduction

Thermal expansion is the geometric (shape, area and 
volume) change of an object in response to a change 
in temperature. 

It often happens that the temperature at which a 
dimensional measurement is performed (in a factory 
inspection room, for example) is different from the 
reference temperature at which the dimension is 
specified. For small temperature differences (ΔT ~≤ ±3°), 
it is possible to correct for the effect of thermal expansion 
in order to determine the dimension at its reference 
temperature as shown in Figure 1.

In this Technical Note, the way to estimate the thermally 
corrected size is explained both manually and using the 
Thermal Expansion calculator application.

Form Talysurf® PGI NOVUS and Metrology 4.0 software

Thermal expansion calculations - 
reference dimensions
Hirokazu Yoshino, PhD, Applications Engineer

Technical Note T168: Determination of reference dimensions using thermal expansion calculations
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Procedure

Step 1:  Collection of the following values

• Measured dimension (m): Lm

• Measurement room temperature (K) or (C): Tm

• Reference temperature at which the dimension is 
specified (K) or (C): Tr

• Coefficient of thermal expansion (CTE) of the sample 
(K-1): α L

Step 2:  Calculation of the difference in the 
 temperature

• Change in the temperature (K): ΔT = Tm - Tr

Step 3:  Calculation of the corrected dimension

• Corrected dimension at the reference temperature (Tr):

Example: Dimension of a steel part

Step 1: 

Step 2: 

• ΔT = 21.0 - 20.0 = 1.0 (K)

Step 3: 

• L = 40.0 × 10-3 (m) / (1 + 11.5 × 10-6 (K-1) × 1.0 (K)) 
= 39.99954 × 10-3 (m)

Measurement environment

Temperature: Tm

Reference environment

Temperature: Tr

Estimated 
dimension

Figure 1 - Estimated dimension at the reference temperature.

• Lm = 40.0 × 10-3 (m)

• Tm = 21.0 (C)

• Tr = 20.0 (C)

•  α L = 11.5 × 10-6 (K-1)

Figure 2 - Estimation of the reference 
dimension from the measurement.

Example: Dimension of steel ring gauge
Imagining that the ring gauge shown in Figures 3 and 4 
is placed in the room with the temperature at Tm , the 
thermally corrected diameter is calculated as follows.

Step 1: 

•  α L = 11.5 × 10-6 (K-1)

• Tm = 21.0 (C)

• L = 40.0014 × 10-3 (m)

• Tc = 20.0 (C)

Step 2: 

• ΔT = 21.0 - 20.0 = 
1.0 (K)

Step 3: 

• ΔL = 11.5× 10-6 (K-1) 
× 40.0014 × 10-3 (m) 
× 1.0 (K) = 0.46 × 10-6 (m)

• L’ = 40.0014 × 10-3 (m) 
+ 0.00046 × 10-3 (m) 
= 40.00186 × 10-3 (m)

Introduction

Thermal expansion is the geometric (shape, area and 
volume) change of an object in response to a change 
in temperature. 

When the temperature at which a dimensional 
measurement is performed is different from the (reference) 
temperature used for certification, it may be necessary 
to take the effects of thermal expansion into account. For 
small temperature differences (ΔT ~≤ ±3°), it is possible to 
calculate the amount of thermal expansion involved.

In this technical note, the procedure to determine the 
value of thermal expansion, ΔL, is explained in the 
situation shown in Figure 1 together with an example.

Form Talysurf® PGI NOVUS and Metrology 4.0 software

Thermal expansion calculations 
- certified artefacts*

Hirokazu Yoshino, PhD, Applications Engineer

Technical Note T169: Thermal expansion calculations of certified artefacts
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Procedure

Step 1:  Collection of the following values

• Coefficient of thermal expansion (CTE) of the part 
(K-1): αL

• Nominal value of the dimension to be measured (m): L
• Measurement room temperature (K) or (C): Tm

• The temperature at which the nominal dimension L 
was measured (K) or (C): Tc

Step 2:  Calculation of the increase in the 
 temperature

• Increase in the temperature (K): ΔT = Tm - Tr

Step 3:  Calculation of the thermal expansion and 
 the corrected dimension

• Thermal expansion (m): ΔL = αL (K-1) × L(m -1) ×ΔT(K)
• Thermally corrected dimension (m): L’ = L + ΔL

Certificate

Measurement environment

Temperature: Tm

Thermal 
expansion

L + ΔL

Figure 1 - Thermal expansion.

Figure 4 - Steel ring gauge.Figure 2 - Thermally corrected dimension.

Certificate

- CTE: αL

- Temperature: Tc

- Dimension: L
Authorised by UKAS

Figure 3 - Schematic 
drawing of the ring gauge.

* artefact – examples might be certif ied calibration balls or test samples.
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