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I. INTRODUCTION 

Hypothermia for therapeutic purposes is used for its 

cooling effect on some areas of patient’s body, in order to 

reduce the risk of ischemic tissue trauma after a period of 

insufficient blood supply [1]. Period of insufficient supply 

with blood may be caused by heart failure or blockage of 

arteries when an embolism occurs, as it is usually happens 

after a stroke.  

Studies have shown that patients under risk for 

ischemic brain injury present better results using 

hypothermic methods of treatment [2]. This studies where 

focused on researching ischemic accidents that unlike 

usual strokes reduces coagulation threshold. This 

researches shown that hypothermia used in therapeutical 

purposes has a neuroprotective effect [3]. Studies showed 

as well that use of therapeutic hypothermia in order to 

control intracranial pressure (ICP) after an ischemic 

stroke is a safe and feasible procedure [4]. 

Medical therapeutic hypothermia may be implemented 

using invasive techniques, where heat transportation is 

directed by a catheter inserted into femoral vein, or 

through noninvasive methods when usually is used 

water/ice. To achieve the required temperature, patient’s 

torsos are covered with specific applications or with 

sheets soaked with water which are in direct contact with 

patient’s skin.   

II. METHODS 

In specialty literature authors propose construction and 

testing of a special device which use hypothermia for 

medical purposes, in order to control cooling of specific 

areas and tissues on head. In fig.1 researchers present us a 

sketch of this device which uses cooling elements with 

sensors. For primary experiments are used 4 cooling 

elements and further their number increase to 20 which 

should be enough to cool the blood flow. For control of 

temperature we will use sensors placed near ears, neck 

and nose (fig1). Routing algorithms will be based on 

Fuzzy logic rules [6] which in present are developed in 

collaboration with medical officers from their specific  

 

 

domain. Fuzzy logic rules will allow smart routing of 

temperature reducing inertia of reaction system [5]. 

 

 
Figure 1.  Localization scheme of temperature sensors and cooling 

elements 

III. CIRCUIT DESIGN 

Block diagram of the hypothermal therapy device (fig. 

2) consists of cooling module, collector module and 

temperature processing, automatic guidance module, PC 

interface module and the UI Graphical interface on the 

PC. 

 

 
Figure 2.  Block diagram of the device 

 

Cooling module consists of 4 Peltier elements with 

power supply driver. As cooling elements the Peltier 

elements are used because they are small, which permits 

the creation of managed cooling surpasses and will end up 

with an area with non-uniform temperatures.  

Drivers based on power MOS-FET transistors 

(IRF3808) used for controlling of the Peltier elements. 

Modification of the duty-cycle (PWM) is used as a 

controlling algorithm. 
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Four digital sensors [8] (DS18B20) are used for 

temperature monitoring. They measure the temperature 

with a resolution of 12 bits, witch a delta error of 0.1
0
C 

which is sufficient for measuring dynamically low 

biological signals. Temperature sensors are connected to 

the 1-Wire protocol (fig. 3) on the microcontroller data-

bus. The 1-Wire protocol has been implemented on the 

software level. 

 
 

Figure 3.  Sensors connection with 1-Wire protocol 

 

Atmega16 microcontroller [9] is used. It has a 14.7456 

MHz working frequency. This microcontroller was 

chosen because of the fact that a cheap microcontroller is 

used to check the preceding algorisms and the 

management of the cooling elements and also for 

checking and creation of the temperature filed.  

To generate 4 PWM signals, 3 Timer Modules are 

used, which are working at a 115.2 kHz frequency. To 

obtain a SMART control of Peltier elements we use a 

proportional PWM signal obtained by using Fuzzy control 

algorithms [7]. 

UASRT module for hypodermic and computing 

communication is used to modify and control the 

necessary parameters and also for visualization of the 

sensor’s temperature filed figures. UASRT module allows 

a 250kbps data exchange speed. Data package is formed 

of 4 bits of data and the control sum, so the integrity of 

date is guaranteed. 

 
Figure 4.  USB-UART converter 

 

USB-UART converter (Fig. 4) is assembled according 

to a scheme based on ATTINY2313 controller [10]. We 

used the converter due to low price and acceptable 

functionality. Reason of this choice was intention to 

elaborate a device at a low cost.  

Therapeutic hypothermia device operates 

autonomously. In case that there is a need of changing the 

treatment program, there can be made some changes to 

initial soft program which can be used from any working 

computer with an USB port. In order to connect this 

device there was made an user guide interface that allows 

to display temperature of monitored areas.  

 

 
Figure 5.  User guide interface 

 

IV. CONCLUSION 

 

Authors build a sample of a device for therapeutics 

with hypothermia used in medical purposes for directed 

cooling of specific tissues using Peltier, elements. Peltier 

cooling elements allow elaboration of a small mobile 

device that can be operated in emergency medical service, 

in this way reducing the risk of ischemic tissue trauma 

after heart failure or blockage of arteries to embolism.  
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I. INTRODUCTION 

Intrusion monitoring systems are designed to detect 

unauthorized intrusion into buildings, protected 

territories, perimeters, etc.
1-4

 Fiber optic sensor 

technology offers the most powerful tool for intrusion 

monitoring.
5-9

 In recent years fiber optic sensor 

technology has been growing in both interior and exterior 

security applications with possibility for both detection 

and location of the intrusion.
9-12 

A fiber optic intrusion 

monitoring systems can detect attempt to cut, lift, crawl 

under, climb over a fence or protected area.  

Various operation techniques are being used in 

development of fiber optic intrusion monitoring systems.
1-

3
 These techniques use as operation basis the principle of 

variation of a specific parameter of the light beam that 

propagates into an optical fiber. Various different 

techniques basically refer to speckle effect, 

interferometry, Raleigh or Brillouin scattering, etc.
1,2,4

 

The most performing among them are fiber optic 

distributed intrusion monitoring systems based on light 

scattering in a single mode optical fiber. While these 

systems ensure a long surveillance perimeter as well as 

the possibility for location of the intrusion, they are 

relative complex and expensive. On the other hand the 

systems that are based on the principle of speckle effect in 

a multimode fiber are simple, reliable and cost-

effective.
1,7,12

  

Fiber optic intrusion monitoring systems system 

may find application in surveillance of perimeters and 

various individual objects from unauthorized intervention, 

e.g. civilian and military objects, deposits of radioactive 

or chemical waste materials, etc. We describe here a fiber 

optic perimeter intrusion monitoring system based on 

registration of the speckle pattern in the far-field of a 

multimode optical fiber.
12

 The system employs an optical 

fiber that can be fence-mounted, or deployed along the 

protected perimeter, buried under gravel , etc.  

II. DESCRIPTION OF THE SET UP 

When a coherent light beam is injected into the input 

end face of the fiber, the far-field distribution of the 

probing light beam is represented by the speckle pattern 

(Fig. 1). This speckle pattern is highly sensitive to 

external perturbations that hit the lateral surface of the 

fiber. For example, when a mechanical perturbation hits 

the lateral surface of the fiber, the speckle pattern 

changes, this change can be used for operation of a short 

distance perimeter-intrusion monitoring system. By 

processing the speckle pattern one can derive the 

information on the amplitude of the perturbation that hits 

the fiber.  

 

 

Fig. 1. Illustration of the speckle pattern in 

the far field of the fiber. 

The experimental set-up is represented in Fig. 2. It 

consists of a multimode optical fiber, a coherent light 

source, a microscope objective, a CCD detector, and a PC 

for speckle image processing. The probing lightfrom a 

laser source is injected into the input end face of the fiber 

and at the output end face of the fiber the far-field 

distribution of the probing light intensity (the speckle 

pattern) is registered. When a physical perturbation hits 

the fiber, the speckle pattern changes.The CCD is used for 

registration of the variations of the speckle pattern of the 

multimode fiber. 
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Fig. 2. Illustration of experimental set-up: 1 - 

coherent light source; 2 – optical fiber; 3 - 

photodetector; 4 – perturbation; 5 – processor; 6 - 

probing light beam. 

 

 

The probing light source is a He-Ne laser (  = 633 

nm) with the output power of P = 10 mW. A multimode 

optical fiber with a parabolic refractive index profile and 

the core diameter 50 µm was used as a sensing element. 

The speckle pattern was registered with a HDCS-1020 

CMOS image sensor with the pixel size 7.4×7.4 µm, and 

image array size VGA 640×480. The full frame video rate 

at 8 bit resolution was 30 fps. A typical speckle pattern of 

the fiber used for measurements is shown in Fig. 1. 
 

Analyses of the intensity distribution ),( yxI  of the 

probing light in the far-field plane of the fiber provides 

information about the perturbations that hit the optical 

fiber.
12,13

 The speckle image actually is the result of 

destructive and constructive interference of propagating 

modes in the far field of the fiber. For a separate mode at 

the output end of fiber the magnitude of electric field 


E  

can be represented as:
13

  

 

)cos(0  


tEE ,  (1) 

where 


0E  - is the amplitude of electrical field,  - the 

phase of probing light wave 
 


L

neff2 ,  L - is the 

geometrical path length of the k-th mode in the fiber,   – 

the wavelength of probing light; neff – the effective 

refractive index of for the k-th mode,  – the frequency of 

electromagnetic wave, and t - is the time. The total 

amplitude of the electric field in any point of speckle 

pattern in the plane of CCD sensor can be represented as 

the sum of contributions of all N propagating modes of 

the fiber core:
13 
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where kE  – denotes the amplitude of the k-th mode of the 

fiber, k  -  is the phase for the k-th mode at the output 

end of the fiber, N  – is the total number of modes 

propagating in the core of the fiber.  
 

The algorithm for processing of the speckle images 

registered by the CCD camera is based on comparison of 

the current speckle image kI  taken at the time kt  with 

the previous speckle pattern image taken at the time 1kt . 

(Here and below, when speaking of storing 

and processing images we mean matrices 
storage and processing those images). 

Each of the current image kI  is subtracted pixel-by-pixel 

from the reference image 1kI  as is described by the 

relation: 

 

),(),(),( 1 jikjikji
d
k yxIyxIyxI  ,  

where i =1,2,3… 1r ; j =1,2,3….. 2r  and d
kI

represents the absolute value of the difference of two 

signals registered at the moment tk and tk-1 for the n-th 

pixel with the coordinates (xi,yj). The next processing step 

represents summation of all M  pixels’ differences (

21 rrM  ) for determination of the absolute value Sk 

for the corresponding time moment tk: 

 

 
 


1 2
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,

r

i

r
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ji
d
kk yxIS ,  (6) 

 

where r1 and r2 are the number of pixels along X  

and Y  coordinates respectively. The resulting value of the 

sum kS  is plotted on the PC screen as an output signal of 

the CCD detector at the time tk.  
 

In other terms, the speckle image in the far-field for 

a current time value tk is put into correlation with a matrix 

of data kF . Each element of this matrix <xi,yi> (the 

current matrix kF ) gives the intensity of probing light 

corresponding to a specific pixel with coordinates (xiyi) in 

a specific time moment tk. The output signal is obtained 

by summation of the absolute values of the all matrix 

elements dkF . Note, that the matrix dkF  represents the 

difference between the current matrix kF  and the 

reference matrix 1kF . 
 

The magnitude kS  correlates to the amplitude of the 

perturbation that hits the fiber and can be calibrated to 

represent exactly the amplitude of the perturbation. 

Because we do not utilize too many routines for image 

processing the rate of the procedure is sufficient high. The 

dependence of the output signal vs. the amplitude of the 

perturbation keeps linear for a sufficient wide segment of 

the speckle spot.
12,13

  

The numerical value of the sum Sk is compared with 

the reference value set for triggering the alarm. Provided 

the value kS  exceeds the reference signal then the alarm 

signal is switched on (Fig. 4).  
 

The module for generation of the output signal is 

represented a processor, which contains a numerical 

differentiator for processing the matrices of speckle 

images, and a summator of difference-images of two 
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consecutive speckle patterns. The comparator, which is 

connected in parallel to the sensitivity module, generates 

the alarm signal every time when the sum of the signal-

differences exceeds the sensitivity threshold of the 

system. 

 

 

Fig. 3. Illustration of the algorithm for 

processing the speckle image: 1 – coherent light 

source; 2 – optical fiber; 3 - photodetector (CCD); 

4 – intrusion perturbation; 5 – processor; 6 – 

probing light beam; 7 – capturing of the reference 

speckle pattern; 8 – capturing of the current 

speckle pattern; 9, 10 – subtracting matrices 1kF  

and kF ; 11 – summation of the elements of the 

matrix dkF ; 12 – setting the sensitivity of the 

system; 13 – output signal. 

 

 

 
 

Fig. 4. Illustration of the perturbation and of the 

output signal. The alarm signal is triggered when the 

perturbation exceeds the level of alarm signal 

triggering. 

 

The PC program that controls the system provides 

the user the possibility to monitor on the screen in real-

time the output signal, and to adjust the sensitivity of the 

system. The sensitivity and threshold parameters can be 

adjusted by setting the corresponding parameters on the 

PC screen “Scale”, “Time”, “Frames”, “Zero” (Fig. 5).  
 

The system is designed as an outdoor perimeter 

intrusion monitoring system that could provides a reliable 

and cost effective solution for a variety of perimeters. The 

sensing optical fiber can be deployed along a fence or 

buried under gravel along the perimeter (Fig. 6). The 

system is suitable for outdoor application in the extreme 

environmental conditions. The sensing optical fiber can 

be attached to the fence in a double loop configuration. 

The basic advantages of the system are: 

 High probability of detection; 

 Immune to EMI, RFI and to lightning strikes; 

 Uniform detection along the entire perimeter; 

 Possibility to be mounted on various types of 

fences; 

 Stable under extreme weather conditions; 

 Possibility for network integration; 

 Low maintenance cost. 

 

 

 

Fig. 5. The screenshot of the program 
 

 

 

 

Fig. 6. Illustration of the attachment of the optical 

fiber to a fence and installation of the fiber in the 

ground. 

III. CONCLUSIONS 

A fiber optic perimeter intrusion monitoring system 

is based on a registration of speckle pattern in the far-field 

of a multimode optical fiber. The intrusion monitoring 

system comprises a multimode optical fiber connected to 

a coherent light source, a CCD detector and a processor 

for generation of the output signal. The system is based 

on the principle of variation of speckle pattern in the far 

field of a multimode optical fiber under the action of 
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mechanical perturbation. By processing the speckle 

pattern one can derive the amplitude of the output signal. 

Intrusion monitoring system can find application in 

surveillance of civilian and military objects, deposits of 

radioactive or chemical waste materials, etc. 

ACKNOWLEDGEMENT 

The work was supported by the Project No. 

11.817.05.03A. 

REFERENCES 

[1] А. Куликов, А. Игнатьев. Обзор волоконно-

оптических систем охраны периметра, 

"Алгоритм Безопасности" Nr 4, 2010, c. 56-61 

[2] I. B. Kwon, S. J. Baik, K. Im, J. W. Yu, 

Development of fiber optic BOTDA sensor for 

intrusion detection, Sensors and Actuators A, 101 

(2002), pp. 77–84 

[3] K. N. Choi, J. C. Juarez, H. F. Taylor, Distributed 

fiber-optic pressure/seismic sensor for low-cost 

monitoring of long perimeters, Proceedings of SPIE 

Vol. 5090, (2003), p. 134-141 

[4] J. C. Juarez , Distributed fiber optic intrusion sensor 

system for monitoring long perimeters, PhD 

Dissertation, Texas A&M University, August 2005  

[5] J. C. Juarez and H. F. Taylor, Field test of a 

distributed fiber-optic intrusion sensor system for 

long perimeters, Applied Optics, Vol. 46, Nr. 11, 

(2007), p. 1968 

[6] R. Jugkaitis, A. M. Mamedov, V. T. Potapov, and S. 

V. Shatalin, Distributed interferometric fiber sensor 

system, Optics Letters, (1992), Vol. 17, Nr. 22, p. 

1623 

[7] J. Park, Reflection-type optical-fiber intrusion sensor 

based on speckle detection, Journal of the Korean 

Physical Society, Vol. 50, Nr. 2, (2007), pp. 529-531 

[8] J. Park and H. F. Taylor, Fiber optic intrusion sensor 

using coherent optical time domain reflectometer, 

Jpn. J. Appl. Phys., Vol. 42,  Part 1, Nr. 6A, (2003), 

pp. 3481–3482 

[9] J. C. Juarez, E. W. Maier, K. N. Choi, and H. F. 

Taylor, Distributed fiber-optic intrusion sensor 

system, Journal of Lightwave Technology, Vol. 23, 

Nr. 6, (2005) 

[10] J. Park, “Buried fiber optic sensor,” M.S. thesis, 

Dept. of Elect. Eng., Texas A&M University, 

College Station, TX 1992.  

[11] J. Park and H. F. Taylor, Fiber optic intrusion sensor 

using coherent optical time domain reflectometer, 

Jpn. J. Appl. Phys., vol. 42, (2003). pp. 3481-3482 

[12] I. Culeac, I. Nistor, M. Iovu, A. Andries, A. 

Buzdugan, V. Ciornea, A. Prepeliţă, Sistem de pază 

cu fibră optică, Brevet de inventie MD Nr 298 Y 

2010.11.30, Int. Cl. G08B 13/00; G08B/02; G08B 

13/02; G08B 13/13; G08B 13/186; G08B 13/187 

[13] I. Culeac, I. Nistor, M. Iovu, A. Andries, Fiber optic 

interferometric method for registration of IR 

radiation, In: Technological Innovations in Sensing 

and Detection of Chemical, Biological, 

Radiological, Nuclear Threats and Ecological 

Terrorism, NATO Science fort Peace and Security 

Series, Eds. A. Vasseashta, E. Braman and Ph. 

Susmann, Springer, 2012, p. 379-388 

 

 


