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Experimental data on optical resonance spectra of whispering gallery modes of 
dielectric microspheres in antibiotic solutions under varied in wide range concentra-
tion are represented. Optical resonance was demonstrated could be detected at a laser 
power of less than 1 microwatt. Several antibiotics of different generations: Amox-
icillin, Azithromycin, Cephazolin, Chloramphenicol, Levofloxacin, Lincomicin Ben-
zylpenicillin, Riphampicon both in de-ionized water and physiological solution had 
been used for measurements. Both spectral shift and the structure of resonance spec-
tra were of specific interest in this investigation. Drag identification has been per-
formed by developed multilayer perceptron network. The network topology was de-
signed included: a number of the hidden layers of multilayered perceptron, a number 
of neurons in each of layers, a method of training of a neural network, activation 
functions of layers, type and size of a deviation of the received values from required 
values. For a network training the method of the back propagation error in various 
modifications has been used. Input vectors correspond to 6 classes of biological sub-
stances under investigation. The result of classification was considered as positive 
when each of the region, representing a certain substance in a space: relative spectral 
shift of an optical resonance maxima – relative efficiency of excitation of WGM, was 
singly connected. 
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Recently a number of evanescent wave optical sensors have been developed and used 
for label-free biomolecule detection in sensing systems with extremely high sensitivity [1–
8]. A novel emerging method for the label-free analysis of nanoparticles and biomolecules 
in liquid fluids using optical micro cavity resonance of whispering-gallery-type modes is 
being developed [9–12]. Several schemes of experimental realization of the method have 
been tested [13–16]. The most promising looks a scheme based on polymer microspheres 
fixed by adhesive on the evanescence wave coupling element [12]. The sensitivity of the 
developed scheme has been tested by monitoring the whispering gallery mode spectral 
shift. Water solutions of ethanol, HCl, glucose, vitamin C and biotin have been used [13–
16]. Particular efforts were made for an optimal geometry for micro resonance observation 
under extremely low power of tunable laser exciting resonance. It was demonstrated that 
optical resonance under optimal geometry could be detected under the laser power of less 
then 1 microwatt. Material of microsphere the most appropriate for microbial application 
was also under investigation. Resonance shifts of C reactive protein water solutions as well 
as albumin solutions in pure water and with HCl modelling blood have been investigated in 
developed experimental geometry [13–16]. Introducing controlled amount of nano particles 
(50 nm in diameter glass gel solution) into microsphere surrounding was accompanied also 



 
 

by correlative resonance shift. The most attention was concentrated on development of a 
technique for recognition and identification of nanoparticles and biomolecules in liquid flu-
ids [8–12]. We demonstrated that the only spectral shift is not sufficient for identification of 
biological agents by developed approach. So classifier based on probabilistic neural net-
work for biological agents and micro/nano particles classification has been developed [8–
12]. It was tested on solutions of different biological agents. Here we represent an improved 
version of classifier based on multilayer perceptron and results of data processing for anti-
biotics of different generation in various solutions.  

The developed technique to determine parameters of solutions of the biological agents, 
based on whispering-gallery modes optical resonance are the following. While tuning the 
laser wavelength images were recorded as avi-file. All sequences were broken into single 
frames and the location of the resonance was allocated in each frame. The image was fil-
tered for noise reduction and integrated over two coordinates for evaluation of integrated 
energy of a measured signal. As input data the following parameters were used: normalized 
by free spectral range resonance shift of whispering-gallery modes and a relative efficiency 
of whispering-gallery modes excitation. The last value can be interpreted as the intensity of 
resonant spectrum integrated over the free spectral range and normalized by the intensity 
maximum within this free spectral range.  

We have used several schemes of experimental realization of the method [13–16]. Here 
the newer version of the scheme has been developed [12]. It uses thin adhesive layer on the 
surface being in the field of evanescence wave. Microspheres from PMMA were fixed just by 
this layer. The layer was putting by spin-coating technology. Compact spin-coater system 
with digital dosage was used to put and dry previously a thin film of adhesive on the surface 
of substrate or directly on the coupling element. After that, microspheres were superimposed 
on the surface of adhesive layer and final drying procedure by free solvent evaporation during 
12 hours followed. Under optimized experimentally parameters of the process microspheres 
were reliably fixed as it was tested. The most part of their surface appeared in contact with 
tested solution and so can react to variation of the solute concentration.  

The spheres used in these experiments were 50 ÷ 120 micron in diameter. The light 
from a tuneable diode laser (New Focus, 680 nm) is coupled into the microsphere through a 
prism. Standard right angle turning glass prisms with a refractive index of 1.51 were used. 
The microsphere is submerged into a fluidic cell and brought into contact with the prism. 
The cell contains initially de-ionized (DI) water or physiological solution. To vary the re-
fractive index, a solution of ethanol and water is incrementally added to the fluidic cell with 
a digital syringe. Following each injection, the WGM modes are monitored until equilib-
rium is reached, and then, the subsequent injection is made. To observe the WGM, the laser 
repeatedly scans across a spectral range of approximately 150 pm at a frequency of about 
0.1 Hz. Light scattered by the micro sphere is collected through a microscope by a CMOS 
camera or photodiode and monitored with a data acquisition card and computer.  

Laser beam was sharply focussed on the single microsphere to increase the contrast and 
intensity of the resonance scattering signal. When the wavelength of the tuneable laser cor-
responds to a resonance of the sphere, the power of the light scattered by the micro sphere 
increases, and a spectral maximum indicating the WGM spectral position is recorded. The 
width of such a resonance after filtering is used to estimate the resonance quality. The sen-
sitivity of the scheme was tested to determine refractive index variation by monitoring the 
magnitude of the whispering gallery modes (WGM) spectral shift as in [13–16]. 

A constructing a qualifier on the basis of a neural network has been passed following 
stages: data preprocessing, network designing and training, diagnostics of a network per-
formance. We will explain below in more details listed stages, with reference to the deci-
sion of our problem. 



 
 

The data were obtained in the form of the video file form CMOS camera in a format 
*.avi. All sequence was broken into frames where the area of a resonance was allocated. 
The image was filtered for noise reduction and integrated on two coordinates for evaluation 
of integrated energy of a measured signal. As the entrance data following signal parameters 
were used: relative (to a free spectral range) spectral shift of frequency of WGM optical re-
sonance in microsphere and relative efficiency of WGM excitation obtained within a free 
spectral range which depended on both type concentration of investigated agents. Last pa-
rameter was defined as normalized to an integrated resonant spectrum within a free spectral 
range. Then we broke the data set into two subsets – training and tested (randomly). The 
data before submitting on a network input ware preprocessed (normalized and standar-
dized).  

The network topology was designed: a number of the hidden layers of multilayered 
perceptron, a number of neurons in each of layers, a method of training of a neural network, 
activation functions of layers, type and size of a deviation of the received values from re-
quired values. For a network training the method of the back propagation error in various 
modifications has been used. Input vectors correspond to 6 classes of biological substances 
under investigation. The result of classification was considered as positive when each of the 
region, representing a certain substance in a space: relative spectral shift of an optical re-
sonance maxima – relative efficiency of excitation of WGM, was singly connected. 

To obtain three-dimensional classification diagram with maximum accuracy all expe-
rimental data were used. It is possible to increase the accuracy of an assessment by increas-
ing experimental sampling with a smaller step of a concentration variation.  

Several antibiotics of different generations: Benzylpenicillin, Cefazolin, Amoxicillin, 
Azithromycin, Chloramphenicol, Levofloxacin both in de-ionized water and physiological 
solution have been used for measurements. They were calculated as: 
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where ( )I ν  – intensity of the radiation disseminated by microsphere on the frequency ν , 
FSRν∆  – free spectral range, 

maxI  – the maximum intensity of the radiation disseminated by 
microsphere within a free spectral interval. Spectrum structure were fairly complicated due 
to relatively high Q factor (~ 105), but identification of resonance maxima and their spectral 
shifts have been surely evaluated. Multiple store of spectrum with statistical preprocessing 
have been used. All the experiments were performed using the same microsphere as a sensi-
tive sell.  

Spectral data have been processed by procedures explained above and the results of 
classification by neural network have been represented as three dimensional diagram of a 
certain drug concentration, identified by neural network and depend on two WGM optical 
resonance parameters. Estimated sensitivity of the method was about 6 mkg/l. Optimized 
parameters for classification of agents under investigation were the following: the maxi-
mum number of training cycles – 50000; training criterion of 0.00001, activation function 
for all layers – nonlinear sigmoidal logistic type (logsig). For training of a network the me-
thod of gradient descent with adaptation of speed of training parameter (GDA), number of 
the hidden layers – 3 with 17 neurons in each was used. In input and output layers the num-
ber of neurons corresponded to dimension of input and output signals (2 in input and 1 in 
output). 11212 epochs of training were required for a training of a network. As a result the 
neural network constructed by developed algorithm, classified antibiotics of different 
classes with accuracy till approximately 99 %.  

 



 
 

 

 
Fig. 1. Results of classification for water solution of Amoxicillin (1), Azithromycin (2), Cefazolin (3),  

Chloramphenicol (4), Levofloxacin (5), Lincomicin (6), Benzylpenicillin (7), Riphampicon (8) 

 
Thus, a technique of detection and identification of drugs on the basis of spectroscopy 

of an optical resonance of WGM has been developed. Reasonability of the use of multi-
layered perceptron for processing and interpretation of the data obtained by a biosensor 
based on WGM optical resonance has been confirmed. 

 

 
Fig. 2. Results of classification for physiological solution of Amoxicillin (1), Azithromycin (2),  

Cefazolin (3), Chloramphenicol (4), Levofloxacin (5), Benzylpenicillin (6) 
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