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Abstract 

In this paper we present the results of automatically detecting the glucose levels in chemical solutions. We prepared 

a set of different solutions, each with different concentrations of anhydrous glucose, which was increased by 10% 

with respect to the previous one; these dissolutions were diluted in water. Using the whole Raman spectra as 

features representing the samples, and principal component analysis with support vector machines as a 

classification method, we predicted the concentration level, getting an accuracy of classification of 79.16% 

measured using AUC (Area Under the ROC) Curve. 
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Introduction 

 

Diabetes mellitus is an important health problem 

diagnosed whether glucose level is greater than 

126 mg/ml. nowadays almost all commercial 

methods to detect either the level of glucose or 

glycosylated haemoglobin in humans are 

invasive. A huge quantity of devices measuring 

levels of glucose require a drop of blood, which 

is obtained through a puncture with a needle; it 

is painful and in some cases traumatic.  

 

In the other hand, it is possible that people 

living in developing countries does not check 

their glucose levels due to cost of clinical 

analysis are high.Several studies have been 

reported before, using Raman especterograpy 

for measuring glucose. For example, Wei Gao et 

al. (2016), worked on a noninvasive device, 

which measures sweat metabolites such as 

glucose, lactate and electrolytes.  

 

Barman et al. (2010), developed a model 

for monitoring blood glucose using Support 

Vector Machines and Raman Spectroscopy; the 

authors showed the nonlinear effects in the 

relationship between the concentrations of the 

solute of interest and the mixture Raman spectra. 

Prominent Raman bands associated with glucose 

(926, 1302, 1125 cm−1) were mention by 

Zephania Birech et al. (2017), likewise Jingwei 

Shao et al (2012), mention 796, 1060, 1125 and 

1366 like Raman bands. In the work of Mircea 

Oroian et al. (2017) Raman spectroscopy is used 

to detect honey adulterated with fructose, and 

other substances. 

 

 In this paper we present a non-invasive 

method to quantify the levels of glucose from 

several levels of concentration. The proposed 

method is based on Raman spectroscopy, 

principal component analysis and support vector 

machine.  

 

 

It is important to point out that in a 

previous work Villa-Manríquez et al. (2017) 

applied a similar method was successfully 

applied to detect the glycated hemoglobin in 

vivo, without the need for blood. In such work 

we showed the capability of the method to 

distinguish between diabetic and non-diabetic 

patients. 

 

Raman spectroscopy 

 

The Raman Effect or Raman scattering was 

discovered by Chandrasekara Venkata (1928), 

Raman Effect is inelastic; the energy of photons 

scattered from a sample are either higher or 

lower than the energy of the incident light. There 

is a type of vibrational spectroscopy that 

measures the fundamental vibrational modes of 

chemical bonds and it is used to generate 

molecular specific information about a sample 

Colthup et al (1990), thereby it allows the 

detection of molecular bonds of glucose.  

 

Principal Component Analysis and Support 

vector Machine 

 

Support vector machines (SVMs) is a 

discriminative and supervised method, with 

associated learning algorithms that analyzes 

data. It is used for classification and regression 

analysis which is done finding a separating 

hyperplane.  

 

Principal component analysis (PCA) is a 

statistical procedure, used to reduce the 

dimensionality of a data set. It is formed by a 

large number of interrelated variables. An 

orthogonal transformation converts a set of 

observations into a set of values of linearly 

uncorrelated variables, called principal 

components. 
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Methodology 

 

We prepared the samples by dissolving 

anhydrous glucose in distilled water. We got a 

set of samples, each with a different 

concentration with differences of 10% each.  

 

We used the mass concentration 

definition, it means the constituent in gr (mass), 

is divided by the mixture in liter (volume). 

Samples were put in cuvettes. A test probe was 

placed at the top of the container to acquire 

Raman signal. We use the experimental setup 

shown in Figure 1.  

 

We used PCA, to get principal 

components which are used as features to input 

to the classifier. The use of PCA allows to reduce 

the dimension of the data, without losing 

relevant information. It is important to point out 

that the complete Raman spectra was used for 

calculating the principal components.   

 

The reduced features were used for SVM 

training, with K-fold cross-validation iterations, 

that is, data was divided into K subsets (folds). 

One of the subsets was used as a test set and the 

rest (K-1 folds) as training set. The cross-

validation process was repeated for K iterations, 

using each of the available subsets of test data, 

with K = 10.  

 

The error was calculated as the 

arithmetic mean of the errors of each iteration.  

The average obtained accuracy was 79.16%, 

wich was obtained using an SVM with a 

quadratic kernel, implemented in the statistical 

programming language R (2016). 

 
 

 
 

Figure 1. Experimental setup: (1) the computer monitor, 

(2) the Raman spectrometer, (3) the excitation light 

source, (4) the sample measurement of Raman spectra. 

 

Results 

 

Figure  2, shows the Raman spectra of samples 

at different concentrations in a range from 900 

to 1200 cm-1. 

 

 
 

Figure 2. Raman spectra of different solutions with 

concentrations from 10 to 100 %. 

 

Figure 3 a), shows a map of the decision 

regions. In that we can differentiate between 

each concentration, hence it is possible to 

classify these samples using PCA and SVM. 

Classification results are shown in  figure 3 

b). Notice that class labeled “30%” was not well 

classified (see figure 4 b, the confusion matrix), 

due to systematic errors in measurements. In 

future work we will take more measurements to 

see if this issue is corrected. 
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Figure 3. (a) SVM and PCA results, (b) confusion matrix  

 

 

Conclusions 

 

We analysed the results of a method to quantify 

glucose in dissolutions, using PCA-SVM, which 

was tested using k-fold cross validation. We 

found quadratic kernel results to be a good 

method to select the optimum level of glucose 

from the set of trained samples used in this 

experiment.  

 

Still, more experiments are required, but 

this results are promising and therefore this 

method could be applied to know the presence of 

different concentrations of glucose, considering 

that in average it was found a classification 

accuracy of 80%.  

Our final goal is to apply automatic 

classification for measuring glucose in blood. 
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