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For the development of NDIR gas sensors the 
integrated gas cuvette enables initial functional
measurements with test gases. A realistic test 
environment is provided were the extinction of
the measuring signal based on filter configura-
tion, absorption length and gas concentration 
can be easily evaluated.

Fig. 3: system components of eNDIRi²

Results
The implementation of this system enables sim-
ple, precise parameterization, control and regu-
lation of detectors and emitters. The use of flex-
ible connections optimises adaptability, and the 
configuration of the power supply ensures that
the system components can be operated stably
and efficiently. Through signal amplification and
digitization, the acquired data is processed with 
high precision, which represents a significant ad-
vance in sensor technology.

The eNDIR² software allows the emitter to be
precisely controlled through settings of emitter

type, clock source, chopper frequency and
power, further increasing customisability and ef-
ficiency.

Pyro and thermopile sensors show different fre-
quency responses and noise behaviour; pyro
sensors offer a fast frequency response, while 
thermopile sensors stand out due to their low
noise levels. Based on alternating current power
mode @1 kHz high input power levels at low ag-
ing effects of emitters are possible. The eNDIRi²
software supports comprehensive detector set-
tings, including gain, offset and filter options, and 
offers four independent oscilloscope windows for 
detailed data monitoring. Selectable data
sources and formula functions enable complex, 
time-resolved analyses of the measurement pa-
rameters, which further increases the system's
range of applications and efficiency. The data re-
cording via PC enables customized calculation
and evaluations subsequent the measuring act. 

Discussion
As a complete system for IR component charac-
terization, it integrates a gas cuvette, emitter
control, detector electronics and PC software,
enabling comprehensive analysis. As a subsys-
tem, eNDIRi² allows detailed characterisation of 
the emitters with power control, chopper func-
tion, clock input and clock output, as well as the
detectors with adjustable analogue pre-stage
and visualisation. This modular approach allows
targeted optimisation of the system parameters
of single-component systems, including adjusta-
ble preamplification and emitter power, as well
as tuneable duty cycle, chopper and sampling 
frequencies. 

The architecture presented combines flexibility
and stability, making it an ideal candidate for ap-
plications in environmental monitoring, industrial
process technology and medical diagnostics. 
The modular design allows for easy extensions
and customisation to meet specific require-
ments. Future developments could focus on the
further development of the user interface and the
integration of advanced algorithms for data anal-
ysis to further increase the functionality and ben-
efits of the system.
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Summary: This paper presents a new approach to monitoring and analyzing cooling lubricants. For this purpose,
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differed not only in terms of type but also in terms of concentration and pH value. In addition, the analysis methods
used are presented and evaluated in the context of parameter detection of cooling lubricants.
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Introduction
In many metalworking production processes,
cooling lubricants are a decisive factor that is es-
sential for a high level of performance during ma-
chining. In addition to the main tasks of cooling
and lubrication, they also ensure the continuous
removal of metal chips and abrasion as well as
corrosion protection, that protects the workpiece
as well as tools and machines.

The components and composition of cooling
lubricants vary depending on the type and area
of application: In addition to a base oil (often min-
eral oil) and water in the case of water-miscible
coolants, various additives are integral compo-
nents to prevent corrosion and the formation of
fungi, bacteria and foam, among other things.

In addition to a growing interest in sustainable
management, increasing occupational health
and safety requirements as well as a significant
cost factor are decisive factors for an increasing
interest in improving the service life and quality of
cooling lubricants. In small individual systems,
monitoring and maintenance is usually carried
out by trained personnel at regular intervals.

In this article, we present a new approach to
analyzing cooling lubricants. A compact NIR pro-
cess spectrometer based on MEMS-FPI (Fabry-
Pérot interferometer) sensor technology is used
here, the aim of which is to analyze inline cooling
lubricant parameters. The publication focuses on
the analysis results obtained to determine vari-
ous cooling lubricant parameters (including type,
concentration, pH value) using chemometric and
machine learning methods.

Experimental Setup
In order to be able to analyze the properties of
cooling lubricants, various cooling lubricant sam-
ples were measured and examined using NIR
spectroscopy. The focus here was on water-

miscible cooling lubricants, as these are the most
commonly used, accounting for over 90 %. The
NIR spectral data was recorded using a MEMS-
FPI spectral sensor, which covers a wide wave-
length range by integrating several complemen-
tary narrowband detectors [1]. The application of
the measurement principle of (diffuse) reflection
according to Figure 1 also enables the measure-
ment of cloudy and opaque cooling lubricants.
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Fig. 1: Experimental setup for NIR spectroscopic
investigation of cooling lubricants.

A total of around 500 samples were measured
and different parameters of the cooling lubricant
were systematically varied. In addition to differ-
ent types of cooling lubricant, the concentrations
and their pH values were also measured; cru-
cial properties that allow conclusions to be drawn
about the performance and condition of the cool-
ing lubricant. The parameters of interest were
recorded by corresponding reference measuring
devices.

Analysis Methods and Results
The measured NIR spectra were pre-processed
in a first step. In addition to smoothing using
a Savitzky-Golay filter, a correction and normal-
ization were carried out. A principal compo-
nent analysis (PCA) was then applied to increase
the information content of the measurement data
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and to reduce redundant data to the relevant in-
formation content. A Support vector machine
(SVM) was used to classify the different types
of cooling lubricant. This was based on findings
from [2]. Figure 2 shows the classification re-
sults plotted over the principal components. The
left graph shows the explained variance with in-
creasing number of principal components. The
right graph shows the average accuracy of the
classification of the cooling lubricant type.
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Fig. 2: Determining the type of cooling lubricant by
using an SVM with different principal components.

The results were cross-validated and are inde-
pendent of the concentration of the cooling lubri-
cant used. A reliable statement about the type of
cooling lubricant is already possible with a small
number of principal components (almost 10).

In addition to the type of cooling lubricant, the
concentration of the cooling lubricant was also
analyzed and determined. For this purpose, cor-
responding samples were measured that differed
in terms of this parameter. The applied linear re-
gression methods were developed separately for
the different types of cooling lubricant. To assess
the quality of the regression, the coefficient of de-
termination R2 was used, which standardizes the
difference between the prediction and the true
value. Figure 3 shows the course of the coeffi-
cient of determination plotted against the num-
ber of main components used for two different
cooling lubricants.
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Fig. 3: Determination of the concentration of two
cooling lubricants using linear regression with
different number of principal components.

As was to be expected, the accuracy of the re-
gression model increases as the number of main
components used rises. However, the gain in
quality per additional feature decreases sharply
from around 8 features and the risk of overfit-
ting increases. It should be noted that the re-
sults shown in Figure 3 are predictions in a large
variation range of the concentration. In the typi-
cal application range of about 5 - 12 %, the pre-
dictions could be improved to a value of approx.

R2 = 0.95.
Finally, the pH value of the cooling lubricants

was to be determined, which is a frequently con-
sidered parameter for assessing the condition of
the cooling lubricant. Measurements were car-
ried out at a constant concentration of 5 % in a
pH value range of approximately 4 to 10 and then
analyzed. The best results were achieved with a
partical least square regression (PLSR). Figure
4 shows the measured over predicted test values
of the optimized prediction model. The algorithm
used achieves an R2 of 0.92 with a root mean
square error (RMSE) of 0.28.
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Fig. 4: Regression of the ph value of a cooling
lubricant at a constant concentration used PLSR.

Conclusion
In this work, the analysis of cooling lubricants
using MEMS-FPI-based NIR sensors was pre-
sented. For this purpose, cooling lubricant sam-
ples were systematically measured by NIR spec-
troscopy and different parameters such as type,
concentration and pH value were varied. The
spectra were then pre-processed and analyzed.
The results obtained were used to prove that the
MEMS-FPI NIR sensors used are suitable for de-
termining the parameters of cooling lubricants in
conjunction with appropriate analysis methods.

The knowledge gained here serves as a basis
for determining other relevant parameters such
as nitrite content or tramp oil and to develop a
multifunctional, integrable cooling lubricant anal-
ysis sensor.
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