
Proc. X National Conference with International Participation "Electronica 2019", May 16 - 17, 2019, Sofia, Bulgaria 

 

978-1-5386-6692-0/18/$31.00 ©2018 IEEE  

 

 

Synchronous Modulation and Detection in Thermography 
 

Anna Stoynova1), Dimitar Todorov2), Stefan Rizanov1) 
1)Department of Microelectronics,Faculty of Electronic Engineering and Technologies 

2)Department of Electronics 

TechnicalUniversity of Sofia 

8 KlimentOhridskiblvd., 1000 Sofia, Bulgaria 

dgt@tu-sofia.bg 
 

 
Abstract –Thermal drift and thermal noise reduce the 

quality of every thermographic measurement system. A 

system approach is proposed for synchronized modulation 

and thermal signal detection in non-destructive thermal 

testing. The first part of the researchproposes a system view 

and a summary analysis of the procedure ofapplying 

modulation onto the studied signals and their subsequent 

synchronous detection. A testing system structure is presented 

and the main requirements to their blocks are defined. The 

second part of this research will present the parameters and 

results related to the individual blocks in a specific 

thermographic system. 
Keywords– Active thermography, thermal NDE, 

Synchronized modulation, Thermographic measurement 

system 

I. Introduction 
The performance indicators for a given thermographic 

system reflect its functional capabilities. The analysis of 

the probability of object detection within the angular field 

of view of infrared cameras, its subsequent classification 

and recognition as well as the analysis of the average time 

of solving the problems, for which the system was 

created,make it possible to evaluate these performance 

indicators . 

The successful implementation of the processes of 

object detection, recognition, classification and 

identification depends on a number of random factors. 

The evaluation of the quality indicators of the 

thermographic measuring system enables us to find the 

optimal structure of the system as well as the parameters 

and characteristics of its individual blocks. Moreover, it is 

not always enough to solve a particular taskjust by using 

the results from separate preliminary calculations. A 

complex evaluation of the complete measurement system, 

including the source of heating, the tested object, the 

infrared camera and the control unit, is required. Such a 

system view and presentation of the thermographic 

measurement process provides new methodological 

possibilities for optimizing the procedures for 

thermographic non-destructive testing. 

The procedure for applying a modulation onto the 

examined signals,along with their subsequent synchronous 

detection, is recommended when the information signal is 

comparable in magnitude with the applied noise. This 

signal carries information regarding the observed physical 

process. While it is being obtained, noise is impressed and 

applied onto it.Depending on the factors causing this noise 

- it could be coherent or non-coherent (in most cases even 

white, 1/f or flicker noise); depending on its behavior - it 

could be stationary or non-stationary, or caused by parasitic 

signals, generated due to the physical imperfection of the 

testing (measuring) system. 

In the first part of this research, the method of 

synchronous processing is examined andpresented visually 

by displayinga block structure and a diagram of the 

thermographic measurement system. The generalized 

transfer functions are shown. Also shownarethe structural 

diagrams of the essential blocks for detection of 

imperfections and faults within the tested object. These 

blocks are necessarywhen constructing a system utilizing 

the method of quadrature demodulation.In the second part 

of the research the results for a specific thermographic 

system will be shared and displayed, as an actual 

implementation of the suggested methodology. 

 

II. TESTING SYSTEM 
 The aim of synchronous processing, by means of 

modulation and subsequent demodulation, is to transfer the 

information stream to a different frequency band. The 

information stream is produced by the examined channel. 

Using this type of processing limits the possibility of 

interference with parasitic and noise processes. The 

following signal detection is done within a very narrow 

frequency band, defined solely bythe actual physical 

constraints [1]. 

 The frequency spread of the energy of the signalswithin 

this examination ideology is shown in Fig. 1. 

 

Fig.1Frequency spread of the energy of the signals 

The structure of this research system is shown in Fig. 2. 

 The idea of this method is based on the application of 

external stimulation onto the examined object. This 

stimulus is a signal with known characteristics (in terms of 

forced influence). Subsequent search within the signal, 

resulting fromthe action being applied upon the object, is 

performed. This process is done with a maximum plausible 

information compatibility to the modulating signal [6]. 



 

Fig.2 Research system structure 

The main functional support for the operation within 

this structure is provided by the Managing Generator, 

which synchronizes the operational workflow within the 

whole research system. Through the sm(t) the stimulating 

function, driving the SSE (SourceStimulatingEffect) block, 

is set. In turn, this block, depending on its set energy 

transfer function, generates the sf(t)signal for powering the 

Emitter, which in turn provides the necessary energy 

emission se(t)to the object of the present study. 

The main requirement towards the Emitter block is to 

provide the se(t)signal with the required power without 

introducing nonlinearities to the signal in respect to sf(t). 

These(t)signal, representing the radiated energy 

emission, which has the purpose of stimulating the 

behavior of the examined processes, is forwarded to 

theobject subjected on research.The object, depending on 

its characteristics, responds by generating the sob(t) signal, 

formed on the basis of the main signal, carrying 

information for the examined characteristic, and an 

unknown parasitic noise signal, generated by the 

investigated object, and impressed onto  the signal (Fig. 3) 

 

Fig.3Signal forming within the investigated object 

 In it, based on the sought after transfer 

functionA(t) and noise sources, correlated and uncorrelated 

with these(t) signal, the output object response 

signalsob(t)is formed. This is the raw information coming 

from the object subjected on research. 
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 The information component of thesob(t)signal is 

generated as a result due to the non-linearity in the sense of 

a modulation of se(t)caused byA(t). 

 Thesob(t) signal as a secondary radiated energy 

emissionis sensed by theReceiver, which convertsthis 

informationinto an electric signalsr(t). The conversion 

processhere is again accompanied by theimpression of 

noise components onto the signal. These noise components 

are caused mainly by the structural organization of the 

research system and by the characteristics of the conversion 

circuitry( Fig.4). Theent(t) noise signal is external to the 

converter. It is generated within the research system. 

Theenr(t) signal is an internal noise signal and its 

parameters are in direct correlation with the type and 

construction of the Receiver. 
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 Something unusual that should be noted is that 

theenr(t)signal acts as an additional modulating 

componentwith noise behavior.Because of this during the 

construction of the testing systems great care needs to be 

taken towards minimizing all internal noise sources within 

the Receiver. 



 

Fig.4 Signal forming within the receiver 

The sr(t)signal, detected by theReceiver, is then 

forwarded to a Synchronous detection block, whichis an 

electronic device, based in constructional design on a 

simplified in technical terms method for synchronous 

demodulation. 

 Synchronous detection is a method based on the 

demodulation of single-polarity modulated signals and is 

also applicable for dual-polarity and amplitude 

demodulation. One of the most important conditions for the 

faultlessoperation of the detectoriskeeping track of the 

synchronization between the carrier and modulated signal 

to the local response for the demodulated carrying 

frequency. For the detector, a slight error and deviation in 

the frequency could potentially lead to issues such as - 

infinite variations in the amplitude of the signal and could 

cause the whole detection process to be unsustainable.An 

error in the phase could lead to distortion of the signal and 

the information, or lead to the complete absence of such 

signal-in the case when the phase error is 90°. 

 On the basis of the resulting information signal 

sd(t) and after its subsequent mathematical processing , 

analysis and filtration - the s(t) signal is created. In fact it is 

generated by the object of study, as a result of its 

stimulation. 

 Depending on the methodology of the research 

and the object specifics - the system based requirements are 

defined. These include: the requirements for the 

modulating stimulating signal; the requirements to the used 

methods for the subsequent detection of the information 

signal (which comes as a response from the subjected 

object); the requirements for further data analysis and 

processing. The aim is to receive information with a 

maximum probability value. 

 The method of detection is determined depending 

on the required SNR value after the Receiver. 

 In most cases synchronous detection is performed 

using the method of quadrature demodulation. With it the 

main aim is to receive information regarding the signal 

vector and the corresponding phase angle (Fig.5). The 

phase angle shows the time delay (out of phase) between 

the two signals - the signal sent towards the object at the 

corresponding moment of time and the one received by the 

object[7]. 

 By describing the signals with their energy 

characteristics and taking into account the transfer function 

of the testing system - the s(t) signals could be used to 

define the transfer function A(t)of the tested object. The 

transfer function of the system is determined as a result of 

the calibration testing procedures. 

 

Fig.5 Detection principle using quadrature modulation 

 A(t) is defined after solving a number of 

equations, describing each node of the testing system.  

 If a calibration and self-test procedure of the 

system prior to starting each measurement is performed - 

then all following measurement results could be adjusted 

accordingly. 

 The calibration and self-test ideology is based on 

storing the twisting angle, offsetsаandband the scaling 

coefficient of the measurement coordinate system(Fig.6). 

 After gathering these adjustment parameter values 

andafter every following data acquisition a value 

adjustment procedure is initiated, in order to correct the 

results from the actual measurements. 

 

Fig.6 Translation of the measurement coordinate system 

 These capabilitiesalso allow usto perform 

"protected" digital data processing via algorithms for 

generating error correction codes (ECC), errors caused by 

the noise signal impression onto the real signal component. 
 

II. CONCLUSION 

 The present work does not claim to be comprehensive 

and exhaustive of the problems found in the area of 

thermography. It givesa general overview of the issues 

related to constructing the most universally possible system 

for thermographical research. Considerable attention has 

been paidto the topic of noise sources, which cause limiting 

of the resolution in thermographicalresearch. Several 

recommendations and possible approaches for specific 

improvement of the laboratory- based testing structures 

were given.The second part of the research will present 



results from the application of a specific thermographic 

system for Non-Destructive testing. 
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