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Abstract : 

The most desired aim of clinical detection is to 

minimize the dimension of the detection instruments 

but still maintain high resolution and high precision. 

One of the most important mechanisms for 

maintaining the life of human beings is the human 

circulatory system. Thus, this researches focus on a 

non-invasive technique of photon measuring. From 

the measured result we could obtain important 

biomedical parameters for pathological diagnosis. 

This project is to implement a non-invasive 

optical flow velocimetry for detecting the human 

circulatory system under the skin surface. Then 

numerical simulation and model analysis of the 

transmission of photon on the skin surface is 

calculated via Monte Carlo Method. The source of 

the incidence photon is He-Ne laser. The signal is 

transmitted and detected via Y-type optical fiber. 

Optical heterodyning is used to measure the 

frequency difference between the reflection wave 

and the original incidence laser wave. This is a 

real-time and continuous detecting blood flow 

velocimetry. We find that this is a reliable tool for 

doctors when doing clinical diagnosis. 

Key words: clinical detection, circulatory system, 

Monte Carlo Method, He-Ne laser, optical 

heterodyning. 

Introduction: 

important aim of many research institutes, especially 

in minimizing the dimension of clinical detection 

devices and in making it non-invasive. To attain 

this goal, the use of optical fiber has become one of 

the most important and unexpendable methods. For 

example, we can use non-invasive optical oximetry 

[3] and fiber-optic fluorometer [4] to analyze the 

human organizations. We can use hematoporphrin to 

detect tumor [ 5 ] ,  and optical fiber is used to analyze 

the various components in blood [6], such as pH 

value, Poz, Pco2 etc. Even that in the newest research 

project, the use of non-invasive optical detection of 

blood sugar [7] is being paid attention by many 

scholars in this field. 

Blood flow velocity is one of the important 

parameters of human circulatory system [SI. In 

recent year there have been many methods proposed 

by many specialists to detect this parameter via skin 

surface. However, most of these methods use indirect 

way to detect this parameter and cannot provide 

continuous detection. This will result in some 

restriction for their usage in some special 

applications. In recent research, coherent 

monochromatic laser light is used to incident the skin 

surface directly. This provides an application in 

clinic research on blood flow velocity via the 

Doppler effect due to fluid particles being lightened 

by the incidence laser. This method can measure the 

velocity of blood directly and it can serve as a 

In recent year, the use of optics in biomedical continuous non-invasive detection technique with 

engineering field is developing rapidly. Optical good resolution. 
electrical detection techniques [ 1,2] with high The earliest application of Doppler effect to 

resolution and high precision have become the detect blood flow velocity is published by Riva [9] 
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and his group in the study of blood flow of Rabbits’ 

retina capillary in 1972. In 1974, Tanaka’s group [ 101 

extends it to the experiment of human body. One 

year later they use optical fiber to detect blood flow 

velocity. In the same year, Stenn [12] published his 

research on the topic of micro circulatory system 

detection. In 1978, the first detection system of blood 

flow velocity on skin surface using laser Doppler 

effect is implemented by Watkin and Holloway [ 131. 

There are many papers about how to improve the 

performance of the detection system and about the 

associate applications on clinical detection and 

diagnosis. For example, laser Doppler velocimetry is 

used for clinical diagnosis in retina capillary, and 

laser Doppler image is used to detect micro 

circulatory system on skin surface [ 14- 171. 

In the research field of circulatory system 

detection, biophotonics technique has become more 

and more important. For this reason, we hope to 

improve the applications of optical electronics in 

medical field. This project is to implement a Laser 

Doppler blood flow velocimetry for detecting the 
micro circulatory system under skin surface. Then 

numerical simulation and analysis by Monte Carlo 

method [18] is used to evaluate the performance of 

the Laser Doppler velocimetry in human body. This 

research is also conducted in clinical animal 

experiment. This result also reveals the associate 

mechanism about circulatory system of heart and 

body surface. We intend to promote the use of this 

velocimetry as an efficient detection tool to doctors 

in National Taiwan University Hospital. 

The blood flow velocimetry is design and is 

implemented with a configuration consists of fiber, 

laser fiber driver, and signal amplifier laser Doppler 

effect is used as a guideline. Besides this, we do 

mathematical simulation and signal analysis and 

processing. Besides constructing a real-time and 
continuous detection tool, our main research aim is 

~ 
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to find a more effective and reliable tool to help 

doctors to do clinical diagnosis. 

Theory and Method: 
When we use coherent laser light to focus on 

some moving object, the light wave of reflection will 

change its frequency when the relative location and 

the velocity of this moving object change. This 

relation is as follows: 

f = ( 1 /2 n )(K,-Ki) * V 

K, and Ki are the propagation vectors of scatter beam 

and incident laser beam respectively, V is the 

velocity of the moving object and f is the frequency 

change of the reflective wave. Fig 1.shows the 

optical setup for the two-fiber laser Doppler 

anemoment. The polarized He-Ne laser beam is 

divided into incident and reference beams by the 

50/50 polarized beam splitter (BS). The reference 

light is coupled into Acousto-Optic Modulator, 

shifting of the reference frequency by 4 MHz 
(f+4MHz) .The incident light is coupled into the 

transmission fiber via the fiber-optic coupler. Based 

on Doppler effect, the scatter light frequency shifts 
by df (f+df) when the incident light goes though the 

transmission to the catheter and through the skin 
surface into the red blood cell ( RBC ) . Therefore we 

apply the optical heterodyning method to get the 

blood flow velocimetry. 
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Fig. 1 Schematic diagram of the two-fiber Laser 

Doppler Anemoment 



Fig. 2 is the sectioned view of the fiber catheter. In 

this figure, the transmission fiber is perpendicular to 
the arm and the receive fiber is at an angle 13 with the 

arm. Please note that the catheter does not directly 

contact to the arm. Consequently, there are three 

parameters in this optical system namely Af 6' 
and the distance form catheter to the arm. Monte Conclusion and discussion: 

Carlo method is used to obtain the optimum state. 

The whole system is then calibrated. 

Theoretically, using Doppler effect, we can 

calculate the velocity of the moving object. Then we 

apply the Monte Carlo method to modulate this 

system to the optimum state and obtain the velocity 

of the blood stream. 

From the analysis of the experimental data, we 

conclude that the system is capable of measuring the 

velocity of the red blood cell. There are many 
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parameters involved that will interfere correct 

reading using laser Doppler effect. However, we find 

that through the use of Monte Carlo simulation, we 

can simulate the system in parallel and obtain good 

results. This method is efficient, cost saving and 

reliable. 
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