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Data – Information 
- Knowledge

John Naisbitt (1982) wrote: “We are drowning in information but starved for knowledge”.

The data is raw, it simply exists and has no other meaning and meaning than its existence.

Information is data that is given meaning through a relational connection. 

Knowledge is a suitable collection of information and such that it can be considered useful.

Knowledge are patterns in data or models which explain them.

https://itsoftware.com.co/content/structured-vs-unstructured-data/

https://itsoftware.com.co/content/structured-vs-unstructured-data/


Machine learning

Machine learning must be one of the fastest growing fields in computer science. 

It is not only that the data is continuously getting “bigger,” but also the theory to 
process it and turn it into knowledge. 

In various fields of science, from astronomy, physics, chemistry to biology, but also in 
everyday life, as digital technology increasingly infiltrates our daily existence, as our 
digital footprint deepens, more data is continuously generated and collected. 

https://www.udacity.com/course/machine-learning--ud262

https://www.udacity.com/course/machine-learning--ud262


Machine learning

Whether scientific or personal, data that just lies dormant passively is not of any use, 
and smart people have been finding ever new ways to make use of that data and turn it 
into a useful product or service. 

In this transformation, machine learning plays a larger and larger role.

https://www.udacity.com/course/machine-learning--ud262

https://www.udacity.com/course/machine-learning--ud262


Machine learning

The machine learning process begins 
with observations of data, such as 
examples, direct experience or 
instruction. 

ML looks for rules, patterns or models 
in data so it can later make inferences 
based on the examples provided. 

The primary aim of ML is to allow 
computers to learn autonomously 
without human intervention or 
assistance and adjust actions 
accordingly.

https://medium.com/@kaykwaalk/difference-between-an-algorithm-and-a-
model-in-machine-learning-5d6b7297cce9

https://medium.com/@kaykwaalk/difference-between-an-algorithm-and-a-model-in-machine-learning-5d6b7297cce9


Machine learning

ML has proven valuable 
because it can solve problems 
at a speed and scale that 
cannot be duplicated by the 
human mind alone. 

With massive amounts of 
computational ability behind a 
single task or multiple specific 
tasks, machines can be trained 
to identify patterns in and 
relationships between input 
data and automate routine 
processes.https://intellipaat.com/blog/tutorial/data-science-tutorial/modeling-the-data/

https://intellipaat.com/blog/tutorial/data-science-tutorial/modeling-the-data/


Machine learning: 
Data is key

The algorithms that drive machine 

learning are critical to success. 

ML algorithms build a mathematical 

model-based sample data, known as 

“training data” to make 

predictions or decisions without 

being explicitly programmed to do 

so. 

This can reveal trends within data 

that information businesses can use 

to improve decision making, 

optimize efficiency and capture 

actionable data at scale.

The goal of ML: to build models that 
generalize well.

https://www.businessprocessincubator.com/content/safeguarding-data-ensuring-
privacy/

https://www.businessprocessincubator.com/content/safeguarding-data-ensuring-privacy/






Plasma – state of matter

Plasma, in physics, an electrically conducting medium 
in which there are roughly equal numbers of positively 
and negatively charged particles, produced when the 
atoms in a gas become ionized. 

It is sometimes referred to as the fourth state of
matter, distinct from the solid, liquid and gas states.

The negative charge is usually carried by electrons.

The positive charge is typically carried by atoms or 
molecules that are missing those same electrons, they
are ions. 

https://www.britannica.com/science/plasma-state-of-matter

https://www.britannica.com/science/plasma-state-of-matter


Plasma – state of matter

In some cases, electrons missing from one type of atom or molecule become attached 
to another component, resulting in a plasma containing both positive and negative
ions. 

The uniqueness of the plasma state is due to the importance of electric and magnetic 
forces that act on a plasma in addition to such forces as gravity that affect all forms of 
matter. 

Since these electromagnetic forces can act at large distances, a plasma will act 
collectively much like a fluid even when the particles seldom collide with one another
(magnetohydrodynamical description of plasma fluid - MHD).

https://www.britannica.com/science/plasma-state-of-matter

https://www.britannica.com/science/plasma-state-of-matter


The experimental set-up consisted of a glass reactor (300-1000 
mL) with a point-to-plate electrode configuration. 

A medical stainless-steel needle was used as a HV electrode 
and stainless-steel electrode was a ground electrode. 

Plasma was generated in liquid and gas phase through the 
capacitor charged with the pulsed HV power supply (IMPEL 
HVG60/1) to create electrical discharges up to maximal 50 kV; 
frequency range was 0-300 Hz. 

Plasma diagnostics was done with Ocean FX extended range 
model (OCEAN-FX-XR1-ES) of optical emission spectrometer 
(OES). 

The emission of a certain volume in the plasma chamber was 
delivered by an optical fiber to the spectrometer.



Optical emission spectrometer
(OES)

OCEAN-FX-
XR1-ES

Ocean FX extended-range model 
spectrometer preconfigured for 200-1025 
nm wavelength range, with 25 Âµm slit 
and lens for enhanced sensitivity

P600-2-SR 600 um Fiber, solarization-resistant, 2 m
74-UV UV/VIS Collimating Lens, 200-2500 nm
OCEANVIE
W

OceanView spectroscopy software with 
graphical user interface; accessible by 
download only from our secure server

https://www.oceaninsight.com/products/spectrometers/high-speed-acquisition/ocean-fx/ocean-fx-xr1-es/?qty=1
https://www.oceaninsight.com/products/fibers-and-probes/fibers/patch-cords/p600-2-sr/?qty=1
https://www.oceaninsight.com/products/sampling-accessories/free-space-optics/collimating-lenses/74-uv/?qty=1
https://www.oceaninsight.com/products/software/acquisition-and-analysis/oceanview-70e79976/?qty=1


OPTICAL EMISSION SPECTROSCOPY (OES) FOR 

PLASMA ANALYSIS
Plasma composition is a critical parameter in all types of plasma applications. 

“Optical emission spectroscopy” is a common term for techniques that measure 

optical absorption/emission spectra, i.e., the light being emitted when a sample is 

being excited. 

OES is an important technique in plasma analysis, where it enables accurate non-

contact characterization of the color of the plasma and thus the species present.

Crucially, OES is compatible with thermal and non-thermal plasma environments and 

applications that are sensitive to contamination because it is the ideal non-invasive 

measurement technique for plasma diagnostics in hostile plasma environments while 

preventing contamination.

Additionally, OES provides near-real-time feedback.



OPTICAL EMISSION SPECTROSCOPY (OES) FOR 

PLASMA ANALYSIS
However, plasmas are typically characterized by a large number of closely-spaced emission 

peaks. 

Separating these peaks requires an OES system with high spectral resolution.

Previous research on OES measurements of plasma processes has largely focused on plasma 

monitoring, species identification, and determination of the electron  temperature Te and 

electron density ne. 

In order to use the OES method to determine these parameters, one usually applies the so-

called line intensity ratio method, which requires a relative intensity calibrate 

spectroscopic system and a suitable physics-based model for excited species in the 

plasmas to be investigated.



https://pearl.kaeri.re.kr/pearl/crmodel/lineratio.jsp

https://pearl.kaeri.re.kr/pearl/crmodel/lineratio.jsp


Boltzmann plot
𝐼 is intensity of the spectral line,

 is wavelength of spectral line,

𝑔 is statistical weight of the energy level,

𝐴 is transition probability,

𝑘𝐵 is Boltzmann constant,

𝑇 is temperature,

𝐸 is energy level of the upper state for

emission,

𝑍 is partition function,

𝑛0 is total species population,

𝑘𝐵 is Boltzmann constant,

ℎ is Planck constant and

𝑐 is speed of light.

The spectroscopic data also was used for 

estimating the temperature of the produced 

plasma and it is carried out using Boltzmann 

plot:
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Spectroscopy

https://www.semanticscholar.org/paper/Machine-Learning-Assisted-Classification-of-Nitride-Yang-
Lu/02c3f186c326493f9480544824bdc282e9eb0999

https://www.semanticscholar.org/paper/Machine-Learning-Assisted-Classification-of-Nitride-Yang-Lu/02c3f186c326493f9480544824bdc282e9eb0999


OES spectra



NIST
National Institute of Standards and Technology
Physical Meas. Laboratory 
https://www.nist.gov/
is used for identification and confirmation of the spectral lines. 

https://www.nist.gov/


BACKGROUND
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Role of machine learning for optical emission 
spectroscopy

The emphasis of mentioned models is the identification of major production 
and depopulation processes under different plasma discharge conditions and 
for different kinds of excited species. 

The quality of the modelling results, which determines the accuracy of 
diagnostic results by the line intensity ratio method, depends on the existence 
and quality of the data used.

The line intensity ratio method is expected to be further developed in the 
future. 

Many studies have demonstrated the effectiveness of ML for OES. 



ML for OES

The fundamental idea in 
ML is that, for many 
applications, training a 
computer algorithm for 
predicting or finding 
patterns in the behavior of 
a complex system by 
observing many input–
output samples of its 
behavior can be 
significantly simpler than 
developing physics-based 
models.

https://www.researchgate.net/figure/A-Use-of-ML-for-identifying-a-structural-model-During-training-a-supervised-ML-model_fig1_373530521

https://www.researchgate.net/figure/A-Use-of-ML-for-identifying-a-structural-model-During-training-a-supervised-ML-model_fig1_373530521
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