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Abstract 
 
In-situ metrology for surface texture and form characterisation along with quality control processes requires a high-level of reliability. 
Hence, verification of the measurement system transfer function including the amplification factor and linearity deviations is needed 
at regular intervals. This paper compares two methods of dimensional calibration for a spectral domain low coherence interferometer 
using either a reference linear interferometer versus a single material measure. Additionally, impact of dataset sparcity is shown 
along with the effect of using a singular calibration dataset for system performance when operating across different media. 
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1. Introduction  

On-machine metrology is a growing requirement for many 
high-value manufacturing processes, ensuring tolerances of 
complex geometric parts are adhered to and process control.  

Implementation of in-situ depth sensing modalities into the 
machining environment has been historically difficult due to the 
hostile operating conditions. However, low coherence 
interferometry (LCI) is a proven measurement technique that 
has shown promise for operating in dynamic environments, with 
a small footprint due to straight forward integration into fibre 
optic systems shown to effectively work in various media [1,2]. 

To ensure precise and accurate measurements are produced 
from such embedded sensors, there is a requirement to 
investigate how these instruments might be calibrated whilst in-
situ for multiscale (micrometric to millimetric) measurements. 
This includes to what extent the relationship between sensor 
and the measurand needs to be verified to be accurately 
represented, and how the sensor response changes to operating 
in various environments or media encountered. 

 Verification of sensor operating characteristics is needed at 
regular intervals hence such a calibration regime should be fast, 
robust, inexpensive and simple to implement. Literature has 
shown that such a regime can potentially be achieved through 
the use of multiple step heights [3] and across a user defined 
measurement volume [4].  

The work presented here investigates the calibration of a 
spectral domain fibre deployed LCI sensor via two distinct 
methodologies: Use of a linear interferometer (Renishaw XL-80) 
as a traceable reference versus a step height verified by 
measurement on a Bruker NPFLEX, with the absolute scale 
created using the verified step as a traceable position change as 
shown by Bauer et. al [4]. An investigation into the limitations of 
calibrating an LCI sensor with a sparse dataset for sensor 
application within the micrometre to millimetre range is 
presented along with exploring sensor performance across the 
operational range in air, water and paraffin along with the 
potential for translating calibration datasets for operation in 
other media. 

2. Experimental setup      

The setup shown in Fig. 1 shows an all-fibre based LCI 
operating in a Michelson configuration with a common path 
providing both the reference and sensing signals. The system 
consists of a superluminescent diode (EXS210068-01, Beratron, 
850 nm) with a 3-dB bandwidth of 58 nm and an emitting power 
of 5.14 mW at 160 mA. A single-mode fiber coupler with a 
splitting ratio of 50:50 for beam splitting and coupling. A 
spectrometer (MayaPro2000, Ocean Optics) operating at 125 Hz 
with a 2048 × 64 pixel array, starting wavelength of 756 nm and 
spectral range of 174 nm with a resolution of 0.21 nm. The 
output leg of the interferometer was held in a fixed fibre clamp 
with the fibre tip positioned perpendicular to the sample. 

 A Y-Z translation stage, (Newport, MFA-PPD) driven by a 
stepper motor with manufacturer stated microstep size of 0.1 
µm was used to translate the sample laterally and vertically. The 
step was created by ringing two tungsten carbide slip gauges 
(Opus) onto an optical flat surface. The step height was verified 
by measurement on a Bruker NPFLEX as 6.2 µm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Acquisition   

The interferometric calibration was achieved by performing 
simultaneous measurement via the LCI system and linear 
interferometer of a sample during incremental translation in the 

Figure 1. Experimental setup of common-path LCI with linear 
interferometer performing simultaneously offset measurements of 
target sample. 
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z-axis to obtain the LCI system response curve. The step height 
calibration used the verified step height, measuring from the 
high to low surface and then back to the start position, a z-axis 
translation was then performed until the signal peak was at the 
same position as it was when measuring the ‘low’ surface of the 
step, this produces incremental movements related to the 
traceable step size value, allowing for a response curve to be 
created. 

3. Results and Discussion    

The residual error between the reference result and calibrated 
input for a linear fit is shown in Fig. 2. The step height calibration 
data in Fig. 2b shows a drastic reduction in residual error versus 
the dataset captured with comparison to the linear 
interferometer in Fig. 2a. This is thought to be due to a reduction 
in the signal-noise-ratio (SNR) with depth as shown through the 
variation in Fig. 2a at larger optical path differences (OPD), 
combined with the increased stability of the step height 
methodology due to the scanning mechanism across the slip 
gauges acting as an additional signal filter reducing the impact 
of random shot noise on the signal peak at larger OPD. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Although the step heights appear to provide a better set of 

results there are advantages and drawbacks to both methods as 
highlighted in Table 1.  
 
Table 1 Advantages and drawbacks of both calibration methods. 

 Interferometer Step heights 

Pros 
- Fast 
- Variable resolution 

- Inexpensive 
- Simple to use 
- Increased result stabiltiy 

Cons 

- Expensive equipment 
- Difficult to setup 
- Added complexity 

- Time consuming 
- Fixed resolution 
- Increased influence from 

mechanical system 
 
The impact of calibration dataset sparcity of overall quality of 

the calibration curve was investigated by varying the datapoint 
density on the interferometer calibration dataset in air whilst 
observing the impact on residual error across the entire 
measurement span. This is shown in Fig. 3, a convergence 
pattern appearing in the residual error standard deviation at 
both high and low calibration resolution can be seen. This 
response is due to non-linearity and the variation in residual 
error as  shown in Fig. 2a, to reduce the impact of the peaks and 
troughs a larger amount of datapoints is required. 

 
 
 
 
 
 
 
 
 
 
 
The requirement to calibrate the LCI sensor across different 

media was also investigated with the results in Table 2. 
Investigation into the impact of various media on the sensor 
performance is important if integration into the manufacturing 
environmnent is to occur. Operation in air, water and paraffin oil 
was investigated where distilled water and paraffin oil are 
commonly used as dielectric mediums for processes such as 
electro discharge machining (EDM) and emulsifiers for 
lubcrication or for flushing debris. 

 
Table 2 Calibration residual error 2σ STD across different media. 

Media 
Original calibration media (µm) 

Air Water Paraffin 
Air ± 0.13 ± 0.25 ±0.31 
Water ± 0.15 ± 0.23  ±0.27 
Paraffin ±0.12 ±0.23 ±0.22 

 
Due to a reduction in the SNR as a result of operating in 
different media the experimental setup used was able to 
operate over ~2100 µm in air, ~1400 µm in water and ~1200 
µm in paraffin. Table 2 shows similarity in residual error 
amplitude independent of the original calibration curve’s 
medium as long as the refractive index change is accounted for 
between media.  

4. Conclusion and Summary      

This work compares two methods of dimensional calibration 
for a common-path spectral domain LCI sensor. The use of a 
verified step height constructed from slip gauges is shown to be 
a valid alternative reference media for multiscale calibration. 
Dataset sparcity impact on the calibration curve is shown with a 
convergence pattern observable, demonstrating that rigorous 
knowledge of the metrology tool is required in order to set an 
appropriate number of datapoints for effective calibration. 
Finally, the use of a singular calibration dataset, in one medium, 
for use across a range of media is shown with success as long as 
the variation in refractive index is accounted for when crossing 
media accounting for the change in OPD. 
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Figure 2. Residual error comparison between a) Use of linear 
interferometer, b) use of measured step heights. 

(b) 
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Figure 3. Dataset sparcity impact on calibration curve residual error. 
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