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Abstract: The work presents experimental investigations of Raman method for different objects. In particular, 
there are performed the modeling, estimation and defining the Raman wavelengths shift. A number of modes to 
improve the accuracy and reduce measurement uncertainty are studied. Copyright © 2015 IFSA  
Publishing, S. L. 
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1. Introduction and State of Problem 
 

Countries that have entered into 
"nanotechnological era," understand the urgency of 
advances in optical metrology. It is the exactness and 
reliability of measurements capable to stimulate the 
development of relevant industries and to serve as a 
deterrent. Especially in spectrum investigations [1] a 
challenge is to study current measurement techniques 
and standards, to meet the needs of next-generation 
advanced manufacturing, including CPSs.  

The most universal nanothermometry method, 
Raman method, apt for the direct temperature measu-
rement of micro- and nano-objects within the range 
100 nm – 100 µm as well as for row of other gauging 
methods, which in addition does not demand 
previous calibration.  

 
 

2. Shortcomings  
 

Increasing the opportunities of Raman 
thermometer in terms of researching the different 

objects (materials) and evolving the method itself 
require the elaboration of metrological reliability 
(error, uncertainty etc.) of measurements, their 
repeatability and reproducibility.  

Unfortunately the structure of spectrum lines of 
different substances is complicated [2], and these 
lines present themselves as totality of mutually 
imposed sublines. Therefore under processing of 
experimental results with the aim to find the true 
values of frequencies as well as beam’s intensity of 
specified wavelengths, the substantial uncertainty 
appears. Virtually, researchers can not estimate it 
without conducting extra experiments. 

 
 

3. Aim of Work 
 
Work’s goal is a following study of Raman 

method on example of a few substances 
investigations with its simultaneous elaboration by 
improving the modes of receiving and processing the 
spectral information at RSN increase. 

http://www.sensorsportal.com/HTML/DIGEST/P_2678.htm
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4. Experimental Studies  
 

Within Raman method the temperature measuring 
can be conducted in two ways: by the ratio of intensi-
ties of Stokes (Is) and anti-Stokes (Ias) components, or 
by the frequency shift in spectrum. By the first way 
there is distinct temperature dependence of ratio of 
intensities of Stokes (Is) and anti-Stokes (Ias)  
components of dispersion radiation which is 
determined through appropriate currents of photo 
transducer – іs, іas:  
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where c is the light velocity, h is the Plank constant, k 
is the Boltzmann constant, νі is the wavenumber of 
incident photons, cm-1; ν0 is the Raman shift 
frequency, cm-1 [1, 3, 4]. Experimental researches had 
been conducted on calibrated optical bench. Laser 
SL03/1 spectrum with wavelength 632 nm is 
registered by HS 102H camera in the regime of 
vertical binning and is recorded on digital storages 
with use of PCI-Line program. Obtained results 
recorded in special file due to internal means of the 
PCI-Line program are not good enough to process 
received information. To simplify the spectrum 
analysis (Fig. 1) the laser wavelengths (light source) 
were filtered by notch filter. However the last one 
was filtered only wavelength (632 nm) and side, 
useless signal remains in the spectrum [3-5]. 

 
 

 
 

Fig. 1. Raman spectrum obtained by water irradiation. 
 
  
To calculate integral values of the area of Stokes 

and anti-Stokes intensity in terms of complexity of 
the waveform, a number of modes of calculating of 
complex figures integral area were studied with the 
aim to select the most optimal mode for the object.   

Therefore computer processing is additionally 
performed by spectrum’s filtration within wavelength 
of the laser. Obtained result, transformed in 
frequency area, is shown in the Fig. 2. Filtration has 
been performed by means of ideal band-pass filter 
with automatically adjustment of bandwidth which is  
cut off.  

During the mathematical modeling process 
conducting in MatLab ambience the method of 
rectangles, method of trapezium, and Monte-Carlo 
methods were processed. Every modes uncertainty 

was calculated for modeled sine function and 
experimentally measured spectrum. Having 
conducted analysis of obtained results it was 
proposed to calculate the integral area of Stokes (Is) 
and anti-Stokes (Ias) components with help of 
trapezium method. This method is inherent in 
minimal uncertainty at high operation speed [3, 6]. 

It is necessary to consider separately methodology 
of determination of Raman shift wavelength. This 
methodology is considered to be acceptable to deter-
mine in several variants the main measured 
parameters.  

Firstly let’s consider the technique of the deter-
mination of Raman frequency shift by maximum 
value of peak intensity. Further all researches were 
conducted exceptionally for anti-Stokes component 
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of spectrum as Stokes component is equidistant to 
major frequency. To check correctness of any 
methods and modes the chain of measurements had 

been performed (100 measurements for concrete 
temperature point). The maximal value was 
determined for every measured spectrum.   

 
 

 
 

Fig. 2. Raman spectrum of water after filtering the major wavelength (632 nm) of laser SL03/1. 
 

 

Ten obtained spectra with corresponding values 
of maximums (the relative Raman shift frequency is 
calculated for every one) are shown in the Fig. 3. 
They are received at temperature 18.1 °С.  

 
 

 
 

Fig. 3. Determination of maxima and their averaged 
intensity of H2O anti-Stokes spectra components at 18.1 °C 

(632 nm). 
 

 

The uncertainty of temperature measuring 
through averaging values of Raman wavelength shift 
of anti-Stokes component, estimated by the 
maximum of the intensity, is determined in 1.27 %.   

Another mode of studying the Raman wavelength 
shift is the definition of averaged integral value of 

spectrum’s anti-Stokes component. Precondition of 
other modes’ involvement (except determination by 
maximal value) can be considered possible 
complication of obtained spectral signal, availability 
of several maxima and some beforehand unknown 
width of particular peaks.  

Therefore, we have investigated a series of 
materials with different types of spectra signals. For 
instance, in Fig. 4 are given 10 anti-Stokes 
wavelengths of ceramics spectrum (measurement is 
conducted at 19.68 °С) and corresponding values of 
their intensities.  Evidently, the Raman wavelengths 
shift determination by the intensity maximum can 
embody the error linked to the discreteness of 
Spectrum Analyzer of conducted measurements. 

 
 

 
 

Fig. 4. Determination of anti-Stokes intensity maxima  
of ceramics component at 19.68 °C and λ=632 nm. 

 
 

Testifying above mentioned peculiarities of 
spectral studies while analyzing the multimode 
spectral signal (Fig. 5), it was proposed to utilize 
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mode of Raman frequency shift determination by 
averaged integral value.  

The same mode is applied to determine Raman 
wavelengths shift of water spectra (Fig. 6). 

The uncertainty of temperature measuring 
through averaged values of anti-Stokes wavelengths 
shift is determined by averaged integral value and is 
equal to 1.63 %. Noise reduction in spectrum enables 
to estimate temperature measuring by Raman method 
with smaller uncertainty. Significantly valid seems to 
be the relative weight of informative signal.  

 
 

 
 

Fig. 5. Anti-Stokes spectrum of cyclohexane (sampling  
of 10 measurements at 20 °C and λ= 532 nm). 

 
 

 
 

Fig. 6. Definition of anti-Stokes frequency shift  
after averaged integral value of water spectrum at 18.1 °C  

and λ=632 nm. 

To realize this, the spectrum restrictions by the 
wavelengths and the following selections of anti-
Stokes components are introduced. Spectrum limita-
tion is performed by means of MatLab tools. Results 
of the filtration and determination of averaged value 
of Raman wavelengths shift are evidenced in Fig. 7.  

The uncertainty of temperature measuring in the 
case of restricting Raman wavelengths shift of anti-
Stokes component by MatLab tools, in accordance 
with described way of determination of averaged 
integral value, is equal to 0.97 %. The current mode 
of averaging the mean integral values and extracting 
the desired signal by the frequency has decreased the 
aforementioned uncertainty versus the mode of 
determination of Raman wavelengths shift by 
maximal value of the peak intensity. Therefore it is 
reasonable further to single out the desired signal 
from spectrum by filtration. 

 
 

 
 

Fig. 7. Filtered spectrum of anti-Stokes component  
of water at 18.1 °C and λ=632 nm. 

 

 
Having processed results of multiple 

measurements for every temperature points [4, 8], we 
define the dependence of anti-Stokes component 
averaged values of Raman wavelengths shift for 
water on temperature as:  
 
 CTBTAvvi +⋅+⋅=− 2

0
, (2) 

 
where А=-0.0152 cm-1, В=0.4839 cm-1, С=3309.6 
cm-1, Δv is the Raman wavelengths shift, cm-1 (Δv= vі 
- v0). From (2) the temperature value is obtained:  
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The Raman frequency shift curve, or more 

correctly the anti-Stokes wavelength shift curve  
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(Fig. 8), is built for water by applying this equation 
and experimentally measured values.  

 
 

5. Conclusions 
 

1. Methodology and algorithmic principles of 
improving the metrological specifications of Raman 
method are developed. 
 
 

 
 

Fig. 8. Anti-Stokes frequency shift for water. 
 
 

2. Method of determining the temperature by 
anti-Stokes frequency shift is elaborated. Just a 
number of modes for improving the accuracy and 
reducing the measurement uncertainty are studied. 
They include the modes of defining shift by: a) 
maximal value of the peak intensity; b) averaging the 

mean integral value of anti-Stokes component of 
spectra on the basis perfecting the hardware (notch-
filters) and software for minimizing the noise effects.  
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