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We present an analytical approach to the problem of light interaction with biological tissues based 
on path integral formalism. The special device – optical tomograph is built. Our understanding of 
the operating principle of an optical tomograph is based on the Feynman interpretation of quantum 
mechanics. According to it, a photon with a certain wavelength (color) has a classical trajectory 
determined by optical parameters when passing through a biological tissue. Observing it and 
determining its parameters are informative from the point of view of diagnosing the physiological 
and structural states of biological tissue. © 2023 Bull. Georg. Natl. Acad. Sci. 
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By analyzing the light passed through the human palm, we can obtain 11(eleven) parameters that allow us 
to monitor the state of human health simultaneously by these parameterssuch as concentration and spatial 
distribution of major chromophores, i.e. oxy- and deoxyhemoglobin, melanin, bilirubin, carotene, water in 
400 – 1000nm and five characteristic oscillations spectral shapes arising from both local and central 
regulatory mechanisms (HRV and blood pressure signals) in 0.0095-1.6 Hz range. 

To obtain such data, we built device: dynamic optical-laser tomograph, which allows to register 
scattered optical signal modulated by the absorption of biological tissues, both in stationary and non-
stationary modes. 

The device consists of light sources (halogen lamp and laser), two spectrometers and a PC connected to 
them. Spectrometers measure reflected and transmitted light respectively. Exciting and measurable light is 
transported using fiber optic cables. 
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The device works with both transmissive and reflective geometries. The non-stationary spectrum is 
represented on (Fig. 1). 

In general, we can write the resulting signal as [1-3]: 

                                      ( ) ( ) ( ) ( )( )det , , , , , , , ,ected A B PPG PI A B traI d t I t I d Iλ λΓ Γ Θ = ⋅ Γ Γ Θ ⋅  ,                            (1) 

where PPGl  is the PPG part of the signal and PIl  is the part obtained via Feynman’s path integral formalism 
[1] and tral  is the transmitted intensity across the path, ,  where absorption is described by the Beer-
Lambert law. After the integral Fourier transform of the PPGl  and the presentation of the remaining members 

of the formula in the form of absorbing and scattering chromophores, we obtain the above mentioned eleven 
parameters that allow us to monitor the human health state simultaneously. 
 

Fig. 2 shows the process of photons passing through biological tissues, namely through the palm, 
which in the stationary case can be represented as follows [1-3]: 
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Fig. 1. The time-dependent transmission signal of human palm at λ = 730 nm. 

 
Fig. 2. The trajectory of the "classical" motion of photons in the palm, ,  according to Feynman (photons fall in the 
normal direction onto a layer of thickness d) [1]. 
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Here, sµ  is the coefficient of single scattering of photons, 

 g- scattering anisotropy factor, 
 d - biotissue layer thickness, 

fx  - deviation from optical axis, 

θ  - photon exit (or escape) angle. 
Fig. 1 also shows a special case of the non-stationary term of (1), ( )PPGl t – the time dependence of the 

intensity of light passing through the palm when measuring blood pressure, where the pulsations caused by 
the heartbeat with the corresponding measurable frequency are clearly visible. The occlusion effect caused 
by the cuff is also clearly visible. In particular, in the interval of 22-36 seconds, the pulsation is no longer 
observed, which corresponds to the systolic pressure. 

Thus, simultaneous observation of pulsation and pressure is possible with this method. 

Recently, PPG has begun to acquire its new boost, after not only the heart rate in the 0.5–5 Hz pulsation 
frequency range, but also the average values of the signal, as well as its low-frequency fluctuations, began 
to be isolated and analyzed by PPG (Traube – Goering waves; Sympathetic nerve activity in skin). 

Fig. 3 shows a PPG signal captured in transmission mode. The modulation corresponding to the beat 
maxima is well described by a sinusoid with a period of 6s and a corresponding frequency of 0.16 Hz. This 
PPG modulation is caused by breathing [4, 5]. 

This experiment shows that with this type of device and method, we can also observe the breathing 
process. The frequency and depth of modulation can be used to judge the proper functioning of the 
respiratory system. 

To evaluate the theoretical model of photon migration in biological tissue (Fig. 2, formula (2)) we 
measured the intensity of light passing through the palm in the visible - near infrared spectrum at certain 
values of fx  for the value 0.θ ≈  

 
Fig. 3. Respiration modeling with PPG signal captured in transmission mode. 
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Fig. 4 shows the transmitted light spectral shapes for fx  values of 0mm, 2mm, 4mm and 5mm. Since 
the length   of the photon trajectory changes along with fx , the shape of the spectrum changes, which is 

consistent with the model. 

The obtained experimental points for the following wavelengths λ = 725nm, 805nm and 865nm 
correspond to the theoretical curve obtained by formula (2) for the value 0.θ =  The fitting procedure gave 
the following optical parameters of the biological tissue: sµ = 50cm-1 and g=0.9. The trend line added to 

these points showed very good agreement with the R2 values of 0.9573, 0.9733 and 0.9779, which means 
that the IP method is a suitable analytical method for assessing the state of human health. The result obtained 
is shown in Fig. 5. 

Fig. 5 shows the first derivative of the theoretical curve as an inset. A derivative minimum of about 
2mm indicates that the theoretical curve has an inflection point. The experimental curves also contain a 
breakpoint in the region of 2mm. Due to the low number of experimental points, a fracture is observed 
instead of an inflection. 

 
Fig. 4. Dependence of the transmitted intensity on the deviation from the incidence axis. 
 

 
Fig. 5. Theoretical curve and its derivative vs experiment (line + symbol). 
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Conclusion 
1. The analytical model is confirmed by experiment. 
2. Using this method, we can control in real time: heart function,blood circulation and respiration, which is 
important in intensive care, as well as for monitoring and treating various diseases.  
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