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Summary. This paper considers mathematical and 

simulation models of a typical pyroelectric detector It 

explains the importance of the rate of temperature change 

of the sensitive element in current mode. 
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INTRODUCTION 

 

Pyroelectric detectors are the thermal-to-electrical 

energy converters [1-4]. As instruments, they are used in 

many areas like IR gas analyzers [1, 10, 11], precision 

pyrometers [1, 12], linear IR cameras [13] 

spectrophotometers [1], multi-element detectors [14], 

Fabry-Perot interferometers [15]. They are widely used in 

fire [1, 16] and intruder alarms [1, 17, 18] systems as non-

instrument applications as well.  

This paper aims to receive the mathematical models 

of thermal parameters for a pyroelectric detector. 

 

 

MATERIALS AND METHODS 

 

The method of modeling is known [19-21]. Every 

problem to be set, begins with the law of conservation of 

energy. We use this law for describing the heating and 

cooling problems. We employ Taylor series [22] to 

linearize the non-linear differential equations. As a result, 

we obtain static and dynamic equations corresponding to 

steady and transient responses. After mathematical 

manipulations, we receive transfer functions and calculate 

amplitude-frequency and phase-frequency responses. In 

order to get the transient responses, we apply the Inverse 

Laplace transformation method [23].  

For square pulses which are hard to describe 

mathematically [24], we use our simulator of a 

pyroelectric detector.  

Principle of operation. Heat flow Φ(t) [W] at the 

surface of the sensitive element having square Apyro [m
2
], 

emissivity α, gives its energy to the sensitive element. The 

sensitive element having heat capacity CT [J/К] takes this 

energy in, and gives out to the mounting at the same time 

due to heat losses GT [W/К], the thermal time constant 

τT= CT/GT [s]. The temperature change of the sensitive 

element T(t) [К] is characterized with its rate of 

temperature change Ψ(t) [К/s] that is of research. 

  

RESULTS 

 

We begin the thermal-to-electrical model of a 

pyroelectric detector with the law of conservation of 

energy: 

 DISTINPUT dEdE  

OUTPUTVOL dEdE  . 
(1) 

Let us consider every stage of the thermal-to-

electrical model for heating and cooling processes 

separately. 

Heating of the sensitive element. Temperature 

change. 

The amount of energy coming to the detector from a 

heat source, [J], is: 

dtdE INPUTINPUT  . (2) 

The amount of energy coming to the detector from 

the environment (the detector's can needs to be thermally 

isolated) [J], is: 

dtdE DISTDIST  . (3) 

The amount of energy stored in the volume of the 

sensitive element, [J], is: 

dTCdE TVOL  . (4) 

The amount of energy going out of the sensitive 

element to the environment, [J], is: 

TdtCdE TOUTPUT  . (5) 

Static equation is: 

000 TGTDISTINPUT   . (6) 

Dynamic equation is: 
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Transfer function is: 
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Amplitude-frequency response is: 
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Cooling of the sensitive element. Temperature 

change. 

The amount of energy coming to the detector from a 

heat source, [J], is: 

dtddE INPUTINPUT  . (13) 

The amount of energy coming to the detector from 

the environment (the detector's can needs to be thermally 

isolated) [J], is: 

dtddE DISTDIST  . (14) 

The amount of energy stored in the volume of the 

sensitive element, [J], is: 

dTdtGdE TVOL  . (15) 

The amount of energy going out of the sensitive 

element to the environment, [J], is: 

2
2
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Static equation is: 
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Amplitude-frequency response is: 
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Transient response is: 
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Heating of the sensitive element. Rate of temperature 

change. 

The amount of energy coming to the detector from a 

heat source, [J], is: 

dtddE INPUTINPUT  . (24) 

The amount of energy coming to the detector from 

the environment (the detector's can needs to be thermally 

isolated) [J], is: 

dtddE DISTDIST  . (25) 

The amount of energy stored in the volume of the 

sensitive element, [J], is: 

dtdGdE TVOL  . (26) 

The amount of energy going out of the sensitive 

element to the environment, [J], is: 

2dtGdE TOUTPUT  . (27) 

Static equation is: 

00 TG . (28) 

Dynamic equation is: 
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Transfer function is: 
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Cooling the sensitive element. Rate of temperature 

change. 

The amount of energy coming to the detector from a 

heat source, [J], is: 

dtddE INPUTINPUT  2 . (34) 

The amount of energy coming to the detector from 

the environment (the detector's can needs to be thermally 

isolated) [J], is: 

dtddE DISTDIST  2 . (35) 

The amount of energy stored in the volume of the 

sensitive element, [J], is: 

2dtdGdE TVOL  . (36) 

The amount of energy going out of the sensitive 

element to the environment, [J], is: 

2dtGdE TOUTPUT  . (37) 

Static equation is: 
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We apply these results to our software - simulator of 

a pyroelectric detector. Fig. 1 shows heat flow at the 

surface of the sensitive element. Fig. 2 includes its 

temperature change. Fig. 3 explains the rate of 

temperature change. 

 

 
Fig. 1. Heat flow at the surface of the sensitive element 

 
Fig. 2. Temperature change of the sensitive element 

 

 
Fig. 3. Rate of temperature change of the sensitive 

element 

 

CONCLUSIONS 

 

1. We achieved amplitude-frequency responses for 

every stage of the thermal model of a 

pyroelectric detector. These plots show 

amplitude behavior of the detector at different 

frequencies of modulation. 
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2. We obtained phase-frequency responses for 

every stage of the thermal model of a 

pyroelectric detector. These diagrams indicate 

phase behavior of the detector at different 

frequencies of modulation. 

3. We could see in the above mentioned responses 

that phase angle between the stage of 

temperature change and that of rate of 

temperature change equaled 90 deg that 

corresponded to be true. 

4. We received transient responses of a pyroelectric 

detector. The rate of temperature change is of 

particular importance in current mode. Being 

exceeded, the sensitive element becomes short-

circuited. This parameter is not well considered 

in the literature [1-4]. The simulator can be used 

to replace expensive experiments in 

manufacturing with cheap simulation. 

 

REFERENCES 

 

1. Budzier, H. 2011.Thermal infrared sensors [Text]/ H. 

Budzier, G. Gerlach - Wiley: - 324. (in English) 

2. Rogalski, A. 2010.Infrared detectors [Text]/ A. 

Rogalski - Crc Pr Inc, 2nd Ed.: - 898. (in English) 

3. Dereniak, E. L. 1984. Optical radiation detectors 

[Text]/ E.L. Dereniak, Devon G. Crowe - Wiley, - 

320. (in English) 

4. Hengstberger, F. 1989. Absolute radiometry: 

electrically calibrated thermal detectors of optical 

radiation [Text]/ F. Hengstberger - Academic press: - 

282. (in English) 

5. Fraden, J. 2016. Handbook of modern sensors [Text]/ 

J. Fraden - Springer, 5th Ed. - 758. (in English) 

6. Capper, P. 2001. Infrared detectors and emitters 

[Text]/ P. Capper, C.T. Elliott - Springer: - 478. (in 

English) 

7. Schvedov, D. 2007. Beschleunigung-sempfindlichkeit 

pyroelektrischer Sensoren [Text]/ D. Schvedov - 

TUDPress: - 120. (in German) 

8. Schossig, M. 2012. Ultradünne, freitragende 

Lithiumtantalat-Elemente für hochdetektive 

Infrarotsensoren [Text]/ M. Schossig - TUDPress: - 

140. (in German) 

9. Querner, Y. 2012. Empfindlichkeitssteigerung bei 

pyroelektrischen Infrarotsensoren durch interne 

thermische Verstärkung [Text]/ Y. Querner - 

TUDPress: - 154. (in German) 

10. InfraTec GmbH. Available online at 

http://www.infratec.co.uk/fileadmin/downloads/pdf/T

echPaper__Fast_Response_Dualcolor_Detector_exter

n.pdf 

11. Silverlight. Available online at 

http://silverlight.ch/pdf/eltec_data_125.pdf 

12. Dias-infrared GmbH. Available online at 

http://www.dias-

infrared.de/pdf/pyrospot_dt40l_eng.pdf 

13. Dias-infrared. Available online at http://www.dias-

infrared.de/pdf/pyrospot_dt40l_eng.pdf 

14. InfraTec GmbH. Available online at 

http://www.infratec.co.uk/fileadmin/downloads/pdf/M

ulti-Colour_Tunable-

Colour_Pyroelectric_Detectors.pdf 

15. InfraTec GmbH. Available online at 

http://www.infratec.co.uk/fileadmin/downloads/pdf/T

unable_Detector.pdf 

16. InfraTec GmbH. Available online at 

http://www.infratec.co.uk/sensor-division/application-

area/flame-detection.html 

17. Silverlight. Available online at 

http://silverlight.ch/pdf/2000-

05_irs2paper_Hans_j_Keller.pdf 

18. Silverlight. Available online at 

http://silverlight.ch/pdf/eltec_data_104.pdf 

19. Tselishсhev A. 2011. Mathematichne modelyuvannya 

technologichnih ob'ektiv (Mathematical Modeling of 

processes in the chemical industry) [Text]/ 

A. Tselishсhev, P. Yeliseev,  M. Loriya, I. Zahapov. - 

Lugansk:Vid-vo Skhidnoukr. nats. un-tu. - 421. (in 

Ukrainian) 

20. Dmytro Marchenko, Andrii Zhidkov 2015. 

Magnetometric new generation device for 

determination of the operability of metal structures. // 

TEKA. Commission of motorization and energetic in 

agriculture, vol. (15), No 4,  41–46 

21. Dmytro Marchenko, Andrii Zhidkov. 2015. 

Application of the methods of chaos theory and 

nonlinear dynamics to diagnostic of technical objects. 

[Text]// TEKA. Commission of motorization and 

energetic in agriculture,  vol. (15), No.2,  75 – 80 

22. Bronstein, I. 1985. Handbook of mathematics [text]/ 

I. N. Bronstein, K. A. Semendjajew - Deutsch Harri 

GmbH: - 973. (in English) 

23. Holbrook, J. 1966. Laplace transforms for electronic 

engineers [Text]/ J. G. Holbrook - Elsevier, 2nd Ed.: - 

364. (in English) 

24. Odon, A. 2010. Modelling and simulation of the 

pyroelectric detector using Matlab/Simulink. 

[Text]//Measurement science review, vol. (10), No. 6,  

195-199 (in English) 

 

 

МАТЕМАТИЧЕСКОЕ И ИМИТАЦИОННОЕ 

МОДЕЛИРОВАНИЕ ТЕПЛОВЫХ ПРОЦЕССОВ В 

ПИРОЭЛЕКТРИЧЕСКИХ ДЕТЕКТОРАХ 

 

Александр Бондаренко, Петр Елисеев, Марина Лория, 

Алексей Целищев 

 

Аннотация. В статье рассматриваются 

математические и имитационные модели тепловых 

характеристик типового пироэлектрического 

детектора. Уделяется внимание скорости изменения 

температуры чувствительного элемента ,как главному 

тепловому параметру пироэлектрических детекторов 

в режиме работы по току. 

Ключевые слова. Пироэлектрический детектор, 

математическое моделирование, имитационное 

моделирование, изменение температуры, скорость 

изменения температуры. 

 

  


