
 
Abstract— This paper deals with the comparison of two low 

level data fusion techniques for estimation of width of hollow 
cylindrical ring using Pulse Echo Ultrasonic Technique. The effect of 
beam spread is such that the ring appears to be magnified in its width.  
Data from A Scans have been preprocessed and width has been 
estimated using average and weighted average techniques and results 
have been compared.  The mean square error in width using average 
technique is 0.293 and using weighted average technique is 0.07. 
 

Keywords—Data Fusion, Moving Average, Pulse Echo, 
Weighted Average.  

I. INTRODUCTION 
ON Destructive Testing (NDT) is a technique in which 
the materials or objects are tested for quality without 
causing any damage to the material. It involves a group of 

techniques to evaluate the structure and property of the 
material without harming its future utility. Ultrasonic Testing 
is one of the common NDT technique used to determine the 
thickness of the material and to detect faults in it. Using 
Ultrasonic testing, the faults can not only detected but its 
specifications, such as its size, shape, and orientation can also 
be determined. Pulse Echo Ultrasonic Testing has been widely 
used in the measurement of thickness of materials, detection of 
defects and estimation of size of the defects. The advantages of 
pulse echo technique is that only one transducer is required, 
which acts as the transmitter and receiver and measurement is 
possible with access to only single side of the material. 
Contact type and Immersion types are the two modes of 
operation of ultrasonic testing. Immersion ultrasonic testing is 
employed wherein the transducer and the work piece is 
separated by a liquid coupling medium such as water.  
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The distance between search unit and test specimen must be 

selected in such a way that the echoes are clearly separated 
from the work piece by the repetitions of the surface echo.The 
ultrasonic wave emitted by the transducer gets reflected by the 
top surface of the object, portion of the waves propagate 
through the material, gets deflected at the defects, if any, 
propagates further and gets reflected at the back surface of the 
material. The reflected waves are received by the receiver and 
displayed in the form of A Scan, B Scan or C Scan.  The A 
Scan represents the amount of ultrasonic energy received by 
the transducer as a function of time. It gives information about 
the depth of the reflector. The B Scan represents the cross 
sectional view of the specimen. In the B-scan, the time-of-
flight (travel time) of the ultrasonic energy is displayed along 
the vertical axis and the linear position of the transducer is 
displayed along the horizontal axis. The B Scan gives 
information about the depth of the reflector and its linear 
dimensions along the scan axis. The C Scan represents a plan-
type view of the location and size of features of specimen.     

Usually, the transducer is placed along the cylindrical 
portion of the pipe or cylinder to measure its thickness. 
Thickness can be calculated from the two echoes present in an 
A Scan. A typical A Scan consists of transmitted wave or 
initial pulse, reflected echoes from the top surface of the 
specimen and defects ( if any), and finally the reflected echo 
from the back wall of the specimen known as back wall echo. 
The thickness can be obtained from the distance between the 
first reflected echo and the back wall echo. This paper deals 
with measurement of width of fuel sub assembly ring in a 
nuclear reactor. The sub assembly ring is in the form of a 
hollow cylinder. The shell thickness of the ring is being 
measured but because the measurements for the shell thickness 
are done from the top, the term width is used instead of 
thickness. 

In Prototype Fast Breeder Reactor (PFBR), the fuel 
subassemblies are submerged into a pool of liquid sodium.  
Anomalies called ‘bowing’ and ‘growth’ is developed in the 
subassembly rings due to high temperature conditions and 
irradiation. These anomalies must be detected before the start 
of the next fuel cycle. Pulse Echo Ultrasonic technique is the 
only feasible technique that can be employed to detect these 
anomalies of subassembly ring which is under opaque liquid 
sodium at high temperature. [1]. The transducer is made to 
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move in a horizontal direction along the top surface of the 
object and emits pulses at particular steps in the direction of its 
movement.[2-4]. Currently, the in-situ measurement of bowing 
is done by visual assessment of the C Scans obtained using 
Pulse Echo Ultrasonic technique. [5]. This paper explores the 
feasibility of detection of bowing by means of A Scans. If 
bowing has occurred, the width of the ring appears to be 
reduced due to the angular bending of the ring. The in-situ 
measurement of exact width of the ring poses difficulty due to 
the phenomenon of beam spread. The sound field that emerges 
out of the transducer spreads out as it progresses into the 
material. This is known as beam spread. Due to the effect of 
beam spread, the transducer detects the object even when the 
transducer is away from the object. This gives the effect of 
increased width. The original width of the ring used here is 
comparable to the size of a defect in an object. Synthetic 
Aperture Focusing Technique (SAFT), 6db sizing techniques 
have been commonly used to estimate the dimensions of the 
defect.  These algorithms have been applied and the width 
determined.(4). New algorithms have been developed to 
estimate the width with minimal error. 

This paper is organized into six sections. In Section II the 
hardware system used for collection of data is explained. 
Section III deals with the mathematical techniques used in 
determination of the width of the specimen. In Section IV, data 
fusion techniques have been explained. In Section V, results 
obtained have been tabulated and analysis has been done.  
Conclusions and drawbacks of the technique have been 
discussed in Section VI. 

II.  DATA ACQUISITION 
Tests have been carried out by keeping the sub- assembly 

ring immersed in the water tank as ultrasonic wave has similar 
effect on liquid sodium and water. A pulse-echo transducer is 
positioned at a particular height from the top surface of the 
object such that the object receives the far region of the 
ultrasonic beam. The sensor is made to step along a horizontal 
line, above the top surface of the object. The sensor transmits 
pulses at every step distance (∆ x), and receives reflected 
waves from object. The horizontal movement of the transducer 
is controlled by a stepper motor. A personal computer 
provides pulses to the stepper motor.  The movement or the 
amount of pulse to be given to a stepper motor is controlled by 
a Programmable Logic Controller. Therefore the number of 
pulses to be given can be calculated for the required movement 
of the transducer. Though there are two stepper motors for 
horizontal and vertical movement of the transducer, the 
vertical position of the transducer is kept constant. The single 
normal beam unfocussed transducer used is a 5MHz 
piezoelectric crystal, which is attached to the actuator. The 
stepper motors move the actuator and thereby the transducer. 
The transducer is scanned along the surface of the hollow 
cylinder kept immersed in water bath (Fig.1) The same 
piezoelectric crystal acts as the transmitter and receiver. The 
transducer is made to move horizontally at constant steps over 

the surface of the object, sending ultrasonic pulses and 
receiving the reflected echoes in the form of A Scans at each 
point of stop.  The transducer has been moved with varying 
step sizes of 0.3mm, 0.5mm and 0.7mm and 75, 45 and 32 A 
Scans have been acquired for each step size respectively.  The 
electrical signals are digitized and stored.   The distance 
moved by the transducer is obtained by the product of number 
of steps taken by the transducer and the step size. If the 
transducer is made to move exactly above the object then the 
width is nothing but the distance moved. But during in-situ 
measurement, the placing of the transducer exactly above the 
object is not possible. Therefore, the width can be calculated 
by the product of selective number of A Scans recorded and 
the step size of the transducer. The selective A Scans which 
are recorded when transducer moves exactly above the object 
are identified using different algorithms. 

 

 
Fig.1 .Specimen and Transducer in water bath 

 

 
Fig.2.System Hardware for data acquisition  

III. METHODOLOGY 

SAFT involves processing only those A Scans which 
contain the echo reflected from the defect. The size of the 
synthetic aperture is fixed. Constructive and destructive 
interference of those echoes within the aperture resulted in 
estimation of the size of the defect. The drawback in the 
application of SAFT for estimation of width of the cylinder is 
that all the A Scans recorded will have the echo reflected from 
the object. Therefore, the size of synthetic aperture cannot be 
fixed in this case and error in width is dependent on step size. 
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Hence modification is required in this application. Synthetic 
Aperture Focusing technique involves time-shifting and 
averaging the A Scans. The technique of moving average has 
been applied to select the required A Scans to determine the 
width. The technique of moving average involves determining 
the average of a subset of a larger set of data points. The A 
scans are pre-processed before determining the moving 
average. Each A Scan has been reduced to a single point data. 
The single data is chosen as the maximum positive amplitude 
of the reflected echo.  A set of data is obtained from the 
maximum amplitude of the reflected echo from all A Scans 
obtained with a particular step size. Width is obtained by the 
product of number of selected A Scans and the step size of the 
transducer .i.e. width will be a multiple of step size. Thus 
larger the step size, larger the error. Therefore to remove the 
dependency on step size, the data is interpolated using cubic 
interpolation technique. Thus data is obtained for every 0.1mm 
distance moved by the transducer hence the width can now be 
estimated by multiplying 0.1mm uniformly for all the data.  
Three interpolated curves, one for each step size, have now 
been obtained.  

IV. DATA FUSION  
Data fusion is the process of combining multiple data in 

order to produce information of tactical value to the user. 
There are different levels of data fusion. Fusion working group 
has defined four different levels for the data fusion process, 
targeted mainly at military applications: Level 1 involves 
object assessment from the raw sensor data. Level 2 takes the 
results from level 1 to perform situation assessment. Level 3 
takes results from level 2 for impact assessment Level 4 
provides resource management and feedback for refinement of 
the previous three levels [7]. Thus the three levels of data 
fusion could be defined as Raw Data Fusion:  Fusion is data 
oriented. Fusion process is made before any data analysis .It is 
direct fusion of sensor data. Feature Data Fusion: Fusion is 
task oriented.  Fusion process is made after the data has been 
analyzed (at the feature level). It is fusion of extracted features 
from sensor data Decision Level Fusion: Fusion of Decision 
data formed from individual sensors (at decision level). This 
paper deals with raw data fusion or low level fusion.  In this 
paper low level fusion techniques such as weighted average 
and average techniques have been applied and the results have 
been compared. After fusing the three curves into one, the 
moving average technique has been applied in estimation of 
the width.  

V. EXPERIMENTAL RESULTS AND DISCUSSIONS 
A hollow cylinder of width 3mm has been used as sample. 

The transducer was moved with step sizes of 0.3mm, 0.5mm 
and 0.7mm, and the number of A Scans recorded for each step 
size is 75, 45 and 32 A Scans respectively. From each A Scan, 
the maximum amplitude obtained in the first echo is found and 
one curve is obtained for each step size. This curve is 
interpolated to make the curve independent of step size. The 
three curves are further fused using average technique and 
weighted average technique[8]. Fig.3 shows the interpolated 

three curves and the curve obtained after application of 
weighted average technique. The interpolated three curves and 
the curve resulting from average technique is shown in Fig.4. 

On the single curve, moving average technique is applied to 
estimate the width of the cylinder. The data has been grouped 
into various subsets and average has been obtained. The 
threshold level is chosen as difference between maxima and 
mean of the data obtained after application of moving average 
technique. The data above the threshold level is chosen for 
calculation of the width. The results obtained using weighted 
average fusion technique has been tabulated in Table I. and 
that of average fusion technique has been shown in Table II. 
The mean square error  in width has been found to be 0.05 
using weighted average technique and 0.293 using average 
technique.  

 
Fig.3. Weighted Average Curve 

 

 
Fig. 4, average curve 
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VI. CONCLUSION 

The error is found to increase with increasing grouping size. 
This occurs due to beam spread .6db sizing technique takes 
into account only those A Scans which fall within the range of 
half of the maximum amplitude. SAFT takes into account of 
all the A Scans within the fixed aperture and time shifts the A 
Scans with respect to the central A Scan, which is also the one 
with maximum amplitude.  

 
Fig.5. Threshold values 

In this technique, all the  A Scans  are considered in 
different groups and the threshold is chosen with respect to the 
maximum value obtained in each technique. The mean square 
error of  width estimated by applying the technique of moving 
average on fusion of interpolated peak curve using weighted 
average technique has been found to be very less when 
compared to  the error obtained by fusion using average 
technique. The width of the sub- assembly ring has been 

determined with a maximum absolute error of 0.2mm. whereas 
the minimum error obtained by the  conventional SAFT is 
0.9mm, and the error obtained by 6db sizing technique is 
1.8mm.[9]. Fig.5 shows the threshold values from which the 
width is estimated. The distance travelled by the transducer for 
which the threshold values are obtained is estimated to be the 
width of the object.  
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