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DETERMINATION OF STATIC CHARACTERISTICS OF OPTOELECTRONIC 

DISCRETE DISPLACEMENT TRANSDUCERS WITH HOLLOW AND FIBER 

FIBER 

 

ОПРЕДЕЛЕНИЕ СТАТИЧЕСКИЕ ХАРАКТЕРИСТИК ОПТОЭЛЕКТРОННЫХ 

ДИСКРЕТНЫХ ПРЕОБРАЗОВАТЕЛЕЙ ПЕРЕМЕЩЕНИЙ С ПОЛЫМИ И 

ВОЛОКОННЫМИ СВЕТОВОДАМИ 

 

G„OVAK VA TOLALI YORUG„LIK O„TKAZGICHLI OPTOELEKTRON DISKRET 

SILJISH O„ZGARTIRGICHLARINING STATIK TAVSIFLARINI ANIQLASH. 

 

Annotation. 
In this article, optoelectronic discrete converters (ODC) of any type, longitudinal or 

transverse displacements of an external modulating body (EMD) are converted into a change 

in the parameters of the light flux Ф0 in the corresponding light guides from lumped radiation 

sources (LRS) or a distributed radiation source (DRS). Further, the light fluxes Ф0 falling on 

the corresponding radiation receiver (RR) change their parameters and the output voltages 

Uвых in the measuring circuits change. 

 

Аннотация. 
В данной статье оптоэлектронные дискретные преобразователи (ОДПВ) любого 

типа продольные или поперечные перемещения внешнего модулирующего тела (ВМТ) 

преобразуются в изменение параметров светового потока Ф0 в соответствующих 

световодах от сосредоточенными иcточниками излучений (СИИ) или распределенного 

источника излучения (РИИ). Далее световые потоки Ф0 падая на соответствующие 

приемник излучения (ПИ) изменяют их параметры и изменяются выходные 

напряжения Uвых в измерительных схемах. 

Annotatsiya. 
Ushbu maqolada, har qanday turdagi optoelektronik diskret konvertorlar (OEDT), 

tashqi modulyatsiya qiluvchi tananing (MQT) bo‗ylama yoki ko‗ndalang siljishlari nurlanish 

manbalaridan (SNM) mos keladigan yorug‗lik yo‗riqnomalarida Ф0 yorug‗lik oqimi 

parametrlarining o‗zgarishiga aylantiriladi.) yoki taqsimlangan nurlanish manbai (TNM). 

Bundan tashqari, mos keladigan nurlanish qabul qilgichga (NQQ) tushadigan Ф0 yorug‗lik 

oqimlari o‗z parametrlarini o‗zgartiradi va o‗lchash davrlarida Uвых chiqish kuchlanishlari 

o‗zgaradi. 

 

Key words: radiation source, radiation receiver, measuring circuit, optical fiber, 

optical fibers, operational amplifiers. 

Ключевые слова: источника излучения, приемника излучения, измерительной 

схемы, световод, волоконные световоды, операционные усилители. 
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Kalit so„zlar: nurlanish manbai, nurlanishni qabul qiluvchi, o„lchash sxemasi, optik 

tola, optik tolalar, operatsion kuchaytirgichlar. 

 

Introduction 

The static characteristic of the ODC is the dependence in the steady state between the 

values of the input Хвх and output Хвых signals. A feature of the ODC designs is the presence 

of the following main elements: radiation source (RS); radiation receiver (RR); light guide 

(hollow or fiber) (LG); a measuring circuit (MC) with an output signal generator, which, 

depending on the principle of constructing the ODC, are connected in a certain way to 

perform the necessary conversion function. Based on the foregoing, it can be stated that the 

static characteristic of any ODC is determined by the parameters of all these elements, and in 

the future, the analysis of the static characteristics of the ODC will be carried out both taking 

into account their mathematical models and the type of measuring circuits [1-4, 7-10]. 

 

Methods 

In the relay-type ODC, the intermediate continuous signal (Fig. 1, a) is converted into 

a discrete output signal (Fig. 1, b). 

  
a) b) 

Fig.1. Discrete signals of relay type. 

In the pulse type ODC, the input signals are converted into a sequence of pulses: 

  

a) b) 

Fig.2. Discrete signals of impulse type. 

 

In ODC, an analog-to-digital type signal is converted into a digital output signal based 

on geometric coding. 

Thus, the static characteristic of the ODC is determined by the sequential conversion 

of the input value into a continuous signal, followed by the conversion into the corresponding 

discrete signal. For the formation of the static characteristic of the ODC, a significant role is 

played by measuring circuits in the form of dividing or bridge circuits [4], in the arms of 

which various radiation receivers are included: photoresistors, photodiodes, and others. For 

example, in the bridge measuring circuit in Fig. 3c, one of the main arms is a photoresistor 

with resistance Rфр1, and a compensation photoresistor Rфр2 is usually included in the other 

arm (adjacent) to compensate for various external non-informative influences (for example, 

changes in ambient temperature, background illumination and other). The other arms of the 

bridge measuring circuit include constant electrical resistances R3 and R4. 
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To obtain a standard output signal in the measured range in the form of an electric 

current from 0 to 5 mA or in the form of an electric voltage from 0 to 2 V, the output of the 

bridge circuit is connected to the input of the operational amplifier OA [5-6, 11]. 

To calculate the output voltage Uвых of the bridge circuit (Fig. 3, c), the following 

formula is used 

 в    М

  р      р   

[  р    р ](     )
  (1) 

where: UM is the supply voltage of the bridge circuit. 

In the initial state, the measuring circuit is in equilibrium (Uвых=0), since 

  р    р    р    р    When the external modulating body is moved, the light 

flux is redistributed, which leads to a change in the value of   р . If   р  changes by the 

value of   р    , then formula (1) can be rewritten as: 

 в    М

  р (    )    р   

[  р (    )    р ](     )
  (2) 

where:    
   р 

  р 
⁄  – the relative change in the resistance of the shoulder   р ; 

   р    р ( )    р (   ) 

The resistance values   р ( ) are determined by the characteristic   р   ,  ( )- 

for specific ODC designs, taking into account changes in   ( ) when moving the external 

modulating body. 

Expression (2) can be transformed by dividing successively by   р  and R4 

 в    М

   
(   )(       )

  (3) 

where:   
  р 

  р 
⁄  

  
  
⁄  – the symmetry coefficient of the bridge measuring circuit. 

With relatively small changes in the resistance   р (    ), the expression for the 

static characteristic can be represented as 

 в    М

   
(   ) 

 (4) 

Similarly, for a dividing circuit (Fig. 1, a), the output voltage  в  , if R1 is the 

resistance of the radiation receiver (photoresistor or photodiode) is equal to: 

 в   
 М     
     

 (5) 

When changing   ( ), the resistance of the radiation receiver will change by 

     and become equal to   (    ), which leads to a change in  в   

 в   
 М

  (    )    
  (    )  

 М    

     
 (6) 

or 

 в    М

   
(   )(       )

  (7) 

which is similar to expression (3), that is, the formulas for the bridge and dividing circuits are 

the same. 

If two radiation receivers are included in the arms of the dividing or bridge circuits 

with a differential design of the ODPC, then under the influence of the input value хвх, the 

resistance of one arm, for example   , will increase and become equal to   (    ) and the 
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resistance of the arm R2 will decrease and will be equal to   (    ), then the output 

voltage formula will take the form (Fig. 3, c): 

 в    М

 

(   )
 

     
          

  (8) 

at                 can be written  

 в    М

 

(   ) 
 (     ) (9) 

 

Results and Discussion 

An analysis of the characteristics of bridge circuits shows that from the point of view 

of nonlinearity, circuits with two and four radiation receivers in the arms of the circuits are 

most preferable (Fig. 3, d). 

Due to the fact that the ODC under consideration are used in devices with built-in 

microprocessors, to match the ODC output with the microprocessor, it is necessary to pre-

process the output signal: amplification, output voltage conversion, noise suppression, etc. 

[12, 13, 15, 18-20]. 

One of the most important elements of the pre-processor processing of ODC signals is 

the operational amplifiers of the op amp (Fig. 3, d). At the same time, with the help of 

operational amplifiers, the sensitivity of the static characteristics of the ODC is effectively 

increased and further converted into a discrete form. 

For further calculations, it is necessary to determine the relative values of e1 

Depending on the change in the total luminous flux   ( ), incident on the transducer 

radiation receiver [14, 16-17, 20]. 

Let us analyze the dividing measuring circuit shown in Fig. 4, which is similar to the 

circuit in Fig. 3, a and can be considered as a chain consisting of resistors          р , 

connected in series, to which the supply voltage UМ is supplied as to the entire bridge circuit. 

In this case, the voltage Uвых on the resistance   р  can be found from the expression: 

 в    М       р       , (10) 

where: Uм - voltage applied to the divider, IЦ - current in the divider circuit.  

  
a) b) 
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v) g) 

Fig.3. Measuring schemes of ODC: a - dividing; b, c, d - bridge. 

Since the value of the photocurrent Iф is a function of the light flux   ( ), incident on 

the radiation detector and for small values of the light flux this dependence is linear, we can 

write 

     р    ( )  (11) 

where:   р  - integrated sensitivity   р . 

Since the value of the dark current of the radiation receiver IТ is small compared to Iф, 

we can write: 

      (12) 

taking into account the latter, we can write: 
 М      

  
   р  (13) 

or 
 М

  
      р  (14) 

Substituting the values    at х=Хмин we find the following 

 М

  ( м  )
      р ( м  ) (15) 

at х=Х, 
 М

  ( )
      р ( ) (16) 

From here we can write an expression for    р : 

   р    р ( м  )    р ( )  
  

  р 
⁄  0   ( м  )

⁄   
  ( )
⁄ 1,  

(17) 

and 

      р    р ( м  )

 
    ( м  )

  ( )
⁄   

{       ( м  )  
  

 М
⁄ }

⁄
 (18)  

 
Fig.4. Dividing measuring scheme of ODC. 

 

 в     

 

(   ) 
 
   р

  р
 (19) 

K – the symmetry factor of the bridge. 
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Let us consider the static characteristic of the ODC with CRS and a hollow fiber 

during the longitudinal movement of the EMD, the physical model of which is shown in Fig. 

5 when it is used to control the discrete level of the liquid in the reservoir [5, 6, 8, 9]. 

 
Fig.5. ODC based on a hollow fiber for discrete control of the maximum liquid level. 

1 - reservoir; 2 - liquid; 3 – reservoir cover; 4 – radiation source; 5 – radiation receiver; 6 – 

hollow fiber; 7 - output wires; 8 - protective glass. 

 

Research and calculation according to the formulas Ф∑=Фпр1+Фотр2 and ( )  
      р     showed that the graph of the change in the static characteristic Ф0=f(H) has the 

form shown in Fig. 6, a. 

  
Fig.6. The static characteristic of the ODC (a) and its discrete form (b) for controlling 

the maximum liquid level. 

 

Section A (Fig. 6, a) of the static characteristic was 4·10
-3

m, and section B was 6·10
-

3
m. The sensitivity of the transducer based on the ODC is determined from expression (20). 

  
   

 

   
(  

 

  
)  

(20) 

An analysis of formula (20) shows that in order to increase the sensitivity of the 

ODPC based on a hollow fiber, it is necessary to increase D0 and decrease х0. 

 

Conclusion 

The static characteristics of optoelectronic discrete converters are determined on the 

basis of joint consideration, the designs of converters with hollow and fiber light guides and 

the corresponding measuring circuit with a radiation receiver. It is shown that dividing and 

bridge measuring circuits are mainly used in optoelectronic discrete displacement transducers. 
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The static characteristics of relay optoelectronic discrete converters with lumped radiation 

sources based on hollow and fiber light guides are obtained for longitudinal and transverse 

displacements of the external modulating body. 
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