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abstract- Signals measured in ultrasonic nondestructive evaluation (NDE) of materials are 

masked by the characteristics of the measuring instruments, the propagation paths taken by 

the ultrasonic waves, and noise originating from various sources, including the electrical 

noise. Due to the band-limited characteristics of ultrasonic transducers, the received echoes 

are degraded by the transducer impulse response and show a relatively low time resolution. In 

order to remove the transducer impulse response in the presence of noise, deconvolution 

techniques are usually implemented. One of these deconvolution techniques is the Wiener 

filter. Implementation of an optimal Wiener filter requires estimation of the statistical 

distributions of both the desired signal and the noise present in this signal. In practical 

applications, this information is not readily available and needs to be somehow estimated. In 

this paper an iterative algorithm is proposed for estimating the power spectral density of the 

desired signal. This method uses the signal processed by the Wiener filter as an improved 

signal to update the power spectral density estimates. The results obtained from synthetic data 

indicate that the proposed method outperforms the conventional Wiener filter and could 

significantly improve the time resolution of the ultrasonic signals. 
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. Introduction 

The ultrasonic nondestructive technique aims to determine the physical properties of 

reflectors in terms of their location, size, shape, and orientation. However, the extraction of 

this information is sometimes difficult due to low signal to noise ratio (SNR) or overlapping

of returned echoes. 

The mathematical model considered for an ultrasonic NDE signal is of the form [4]:

where * denotes the linear convolution operator,  is the measured signal,  and 

are respectively the impulse response functions of the measurement system and flaw, and 

 is the additive noise. Characteristics of the reflectors are included in the impulse

response function of the flaw. 

The main assumptions in Eq. (1) are: 1) the ultrasonic pulse propagates through a linear

medium, and 2)  and  are statistically independent. The first assumption allows us to 

isolate the impulse response of reflectors from the transducer and propagation medium as 

much as possible, while the second assumption is at the heart of a variety of well known 

identification methods. If the overall system is modeled as a cascade of many linear time

invariant (LTI) systems, then Eq. (1) becomes:

where  are respectively the driving

impulse to the transducer, forward transducer impulse response (IR), forward path IR, target 

(e.g. flaw) IR, backward path IR, and backward transducer IR. It is assumed that the IR of a 

flawless specimen is a delta function, then the corresponding echo from the specimen can be 

expressed as: 
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Therefore, the target signature is subjected to the transducer impulse response as well as 

propagation path and additive noise effects. The objective of a deconvolution process is to

remove the transducer effects and additive noise in order to estimate the target IR. This is an 

essential step in defect identification and material characterization. A number of 

deconvolution techniques are available for processing ultrasonic data. Sin and Chen 

conducted a study to compare various deconvolution techniques and found that the 

combination of Wiener filtering and autoregressive spectral extrapolation produces very good 

results [1]. Neal presented an approach for optimal implementation of the Wiener filter [2]. 

He proposed five different approaches for estimation of the ratio of noise power spectral 

density to desired signal power spectral density (PNN/Pxx) but none of them were data driven 

[2,3]. He plotted mean square error versus this ratio (PNN/Pxx) and proposed a value of 

 due to its minimum error [2]. Honarvar et al. developed an averaging 

method for autoregressive spectral extrapolation process which when used along with Wiener

filtering could considerably improve the ultrasonic testing signals [4].

In this paper we will use an iterative Wiener filtering algorithm for estimating the power

spectral density of desired signal. The results are verified by applying this algorithm to 

computer generated data.

. Wiener filter 

A Wiener filter is formulated based on the minimization of a least square error between the 

filter output and the desired signal. In frequency domain a Wiener filter is written as [6]:

where ,, represent the power spectral densities of the desired signal and  noise, and 

 is the complex conjugate of the system impulse response. 
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. Iterative Wiener filter

The optimal Wiener filter is based on the assumption that the power spectral density of the 

desired signal, , is known a priori. However, in ultrasonic applications the desired signal 

is not available neither before nor after conducting the measurements. This situation prompts

us to consider the iterative Wiener filter in which prior information is not required. To

implement an iterative Wiener filter in the following steps are essential:

Step 1. Initialization: = where  is the power spectral density of the measured

signal.

Step 2.  Wiener filter construction using the following relation: 

Step 3. Filtering based on:

Step 4. Updating by: 

Step 5. Checking the convergence criterion and if the process converges then we can stop. 

Step 6. Setting k k+1 and returning to Step 2 again. 

Combining steps 2 and 3, we can write:

In an iterative algorithm, one should verify if the estimated value is converging, and if 

converging, is it converging to the true value. It is easy to prove that  surely converges 

to some value, because as a sequence,  is monotonic and bounded. Moreover, in this

paper following Ref [5], we have added a correction term in every iteration. This guarantees

convergence of the algorithm to the true values. 
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V. Results and discussion 

In this section, the performance of the proposed approach is investigated on synthetic data. In 

Fig. 1 applying iterative Wiener deconvolution to a synthetic signal by Eq. (9) are 

summarized and compared with results obtained from conventional Wiener filtering. Four 

delta functions with different time of flights (TOF) and the equal amplitudes are considered

as the target response, Fig. 1. (a). The three first echoes are closely spaced and the fourth 
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Fig.1 (a) Desired flaw impulse response (target response), (b) signal generated by convolving the 

desired impulse response with a Gaussian pulse representing the impulse response of the measurement

system and adding white Gaussian noise, SNR=40 dB, (c) deconvolved signal after applying  Wiener 

filtering, (d) iterative Wiener filtered signal (No. of iterations = 55), circles represents  the actual

spikes in simulation.

echo appears with a delay. A synthetic ultrasonic signal is generated by the convolution of 

target response with a Gaussian pulse as system response and adding white Gaussian noise 

(SNR=40), see Fig. 1. (b). The sampling rate is taken to be 50 MHz.

By simple inspection of the signal shown in Fig. 1(b), it is not possible to identify the

embedded echoes. In this situation deconvolution techniques can be applied in order to 

separate the superimposed echoes. Results of deconvolution by Wiener filtering and iterative 

Wiener filtering are shown in Figs. 1. (c) and 1.(d), respectively. In general for ultrasonic 

systems, the system response function is not available and usually the reflected echo from 

back wall of specimen is considered as system response. In this simulation we used the forth 

echo as the system response function and applied in Wiener equation. For the conventional 

Wiener filter, we took  and replaced it as the ratio of power spectral 

density of noise to the power spectral density of the desired signal [2, 4]. The number of 

iterations for the iterative algorithm was 55. By comparing results obtained in Figs. 1. (c) and

1. (d) it is clear that iterative Wiener filter did an interesting job and outperformed Wiener

filter in separating superimposed echoes. 

The mean square error (MSE) between the desired impulse response and the deconvoved 

signal by iterative Wiener filtering is computed and plotted as a function of number of 

iteration, see Fig. 2.  For different SNR (40, 30, 20, 10) it can be observed that MSE 

decreases as the number of iterations increases. Moreover MSE has an obvious trend to 

converge to some optimal value, where the estimated power spectral density is supposed to 

converge to its true value. 
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V. Conclusion

A new approach for improving the time resolution of ultrasonic NDE signals and separating 

superimposed echoes is proposed. This approach is based on deconvolution of the signal by 

applying Wiener filtering. In this method, the power spectral density of the desired signal is 

estimated by an iterative algorithm and is used in an optimal Wiener filter. Using a computer-

generated signal, the advantages of this method in separating superimposed echoes and 

improving the time resolution of the signal in the presence of noise were demonstrated.
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Fig. 2. Mean square error between desired impulse response and deconvolved signal after applying

iterative Wiener filtering versus the number of iterations, (a) SNR=40 dB, (b) SNR=30 dB, (c) 

SNR=20 dB, (d) SNR=10 dB. 
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