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1. Introduction

Ferroelectric potassium niobate (KNbO3) [1]
single crystals are expected as lead-free and
high-coupling piezoelectric materials. Yamanouchi et
al. [2] have reported that the coupling factor K of the
Rayleigh-mode surface acoustic wave (SAW) is very
high, 73%, for Y-X KNbO3 plates. Nakamura et al.
have reported that the coupling factors for the
thickness-extensional mode, kt, are as high as about
70 at 45º-52º rotated X-cuts [3]. This value of kt is 
the highest among all known piezoelectrics.

KNbO3 single crystals belong to the point group
mm2 of an orthorhombic system at room temperature
and have a pseudo-cubic structure. Therefore, four
kinds of domain states, 180 , 120 , 90 , and 60  can 
exist in the crystals and the domain states tend to be
sensitive to a shock or an abrupt temperature change.
Especially, 60º domains often occur by a stress. To the
best of our knowledge, however, there has been no
report on the basic behavior of domains with a stress
in KNbO3. It is important for practical application of
KNbO3 to understand the effects of a stress on 
domains.

If the high-kt 45º X-plate could be converted to
the high-kSAW Y-plate by a mechanical stress, it would
be of great interest. From such a viewpoint, we
attempted to convert the 45º rotated X-cut plate (45º 
X-plate) to the Y-cut plate (Y-plate) by compression.
To obtain a better understanding of domain-behavior,
we observed domain evolution during linearly
increasing the applied stress using a developed system
consisting of a polarizing microscope combined with a
stress application mechanism and a video camera.

This paper reports on the results of these
experiments, and discussion is given to the domain-
behavior, based on the video-recorded pictures.

2. Experimental procedure

KNbO3 single crystal has a pseudocubic
perovskite structure. The pseudo-cube is being slightly
elongated along the Z-axis parallel to the spontaneous
polarization. Figure 1(a) schematically shows the unit
cell of the pseudocubic structure whose upper surface
corresponds to the major surface of the 45º X-plate
(45º X-face), while Fig. 1(b) and Fig. 1(c) show the
unit cells obtained by rotation of it by 90º and -90
around the [100]pc axis, respectively. The upper
surfaces of Fig. 1(b) and Fig. 1(c) correspond to the

major surface of the Y-plate (Y-face). The 45 X-plate
and the Y-plate are in the relation of 60  domains. The 
lattice spacing of the 45º X-face in Fig. 1(a) is 4.037 Å,
while that of the Y-face in Fig. 1(b) or Fig. 1(c) is
3.974 Å that is the minimum one. From these facts,
we have supposed that if a large compressive stress is
applied to the unit cell along the [001]pc direction in
Fig 1(a), it could be converted to the unit cell in Fig
1(b) or Fig. 1(c), that is, the high-kt 45º X-plate would 
be converted to the high-kSAW Y-plate. The lattice
spacing of (001) pc will be shortened due to the
compression and then may suddenly become the
minimum one, 3.974 Å, when the stress exceeds a
threshold. In consequence, the original minimum
lattice spacing of (010) pc elongates to 4.037 Å since it
can be no longer minimum. Therefore, the 45º X-face
may be converted to the Y-face. However, since the
probability of the conversion to the structure of Fig.
1(b) is equal to that of Fig. 1(c), this may result in
coexistence of two-types of Y-domains. To completely
convert the structure of Fig. 1(a) to that of Fig. 1(c), a
tensile stress along the ]101[ pc direction or a

compressive stress along [110] pc direction must be
applied to the 45 X-plate. However, it is difficult to 
apply these forces simultaneously together with the
compression along [001]pc direction. Alternatively, we
applied a compressive force tilted toward the ]101[ pc

axis to the 45 X-face so that the component of the
force along ]101[ pc direction might arise.

Figure 2 schematically shows a stress applica-

Fig. 1. Relationship between 45º X-plate and Y-plate.
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tion setup. The 45º X-plate is placed between two 
wedge-shaped acrylic plates. An oblique compressive
force can be applied to the sample through the acrylic
plates. Polyvinyl-chloride sheets are inserted between
the sample and the acrylic plates so that the applied
stress may be uniform.

3. Experiments and Results

With the tool shown in Fig. 2 we applied an
oblique stress to a mirror-polished 45º X-plate of
7x7x1.2 mm3, while observing the domain states using
a polarizing microscope equipped with a video camera.
Figure 3 shows a number of micrographs of the
domain evolution during application of the stress in
time sequence. Figure 3(a) shows the original plate
before applying the stress. When the stress linearly
increased to 6.6 MPa, a narrow domain appeared in
the central region of the plate (Fig. 3(b)). The
domain-wall angle of 73° with respect to the [010] pc

axis indicates that this is a Y-domain. The dark 
belt-like region shows the domain wall extending
from the top surface to the bottom obliquely with an
angle of 45º. The solid and broken lines in Fig. 3
indicate the domain walls on the top and bottom
surfaces, respectively. Although the applied stress was 
kept at 6.6 MPa, this narrow domain rapidly extended
to the both lateral directions (Fig. 3(c), (d), (e)) and 
the Y-domain reached to the edges (Fig. 3(f)) in about
10 sec. In consequence, the 45º X-plate was
completely converted to the Y-plate in the central
region as expected. However, 45º X-domains still
remained in the top-right and bottom-left corners of
the plate. This cannot be explained satisfactorily, but
the applied stress might not be uniform at the edge
regions.

To ascertain whether the 45º X-plate has really 
converted to the Y-plate, XRD rocking curves of (110)
and (001) reflections, which are correspond to the 45º
X-face and the Y-face, respectively, were measured
before and after applying the stress. The results are
shown in Fig. 4. After applying the stress, a large
(001) peak appeared, while a small (110) peak still
remained. The area ratio of the 45º X-domain to the
Y-domain was evaluated to be approximately 1:9.

5. Conclusion

In conclusion, we successfully converted the
high-kt 45  rotated X-cut KNbO3 plate to the
high-kSAW Y-cut plate by applying a compressive force
tilted toward the ]101[ pc axis to the 45 X-face. The 

domain evolution during application of a stress was 
observed and video-recorded using the system
consisting of a polarizing microscope combined with a
stress application mechanism. This observation
revealed that the conversion occurs by a stress of 6.6 
MPa. The X-ray diffraction analysis indicated that
90% of the 45º rotated X-cut plate was converted.
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Fig. 4. XRD rocking curves before and after applying the 
stress.
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Fig. 3. Polarizing micrographs of domain evolution.
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Fig. 2. Schematic of a stress application setup. 
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Neural Network Application for Ship Radiated Noise

Phil-Ho Lee (Agency for Defense Development, KOREA), 

 Kyu-Chil Park and Jong-Rak Yoon (Pukyong National University, KOREA)

1. Introduction 

The ship radiated noise appear the various 

characteristic signals due to the mechanic system in 

the ship, the propeller and the interaction between 

ship body and sea water. Generally, it is classified 

the speed dependent signal from the propeller and 

the speed independent signal. Therefore, it is 

required that very complex procedure to classify the 

signal origin from the ship-radiated noise.  

This paper presents techniques using the neural 

network to detect and classify the tonal signals from 

ship-radiated noise.  

2. Auto detection of tonal signal 

Fig. 1 shows an example of line spectrum and 

LOFAR gram from ship-radiated noise. There are 

many tonal signals in LOFAR gram. It is required to 

classify what tonal signal is important and what 

origin of tonal signal is.  

In this paper, we approach the study as following: 

1) the analysis of spectrum and LOFAR gram, 2) 

the reinforcement of continuous tonal signal in 

LOFAR gram, 3) fix threshold for selection of 

meaningful tonal signal, 4) classify of tonal signal 

using pattern recognition technique.  

At first, we apply a neural network to reinforce of 

the tonal signals in LOFAR gram, as shown Fig 2. 

Fig. 1  An example of line spectrum and LOFAR 

gram from ship-radiated noise. 

------------------------------------------------------------
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Fig. 2  A neural network system for reinforcement 

of the tonal signals. 

As the tonal signals are sometimes observed in 

discontinuous lines, it is required to connect the 

tonal signals in time frame. Therefore, it consists of 

an input, an output, and a feedback input from the 

previous network output. The middle output Yt(k) in 

time t of the neural network is given as 

)()()()( 1 kZiXiWkY
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where, W is the weighting between input layer and 

output layer, α is a feedback transmission 

coefficient, Zt-1 is a network output in a previous 

frame. The feedback transmission coefficient is 

chosen 0.7. The weighting is given 1 at a center 

frequency, others are given –1/2P. The output of a 

network is given as 
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Fig. 3  A neural network system to classify of 

tonal signals. 
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Secondly, we apply another neural network system 

to classify of tonal signals using pattern recognition 

technique, shown as Fig. 3. It consists of an input 

layer, a hidden layer, and an output layer. The 

expected results of the output layer are the speed 

dependent signal, the speed independent signal, and 

none signal. Fig. 4 shows some examples of input 

patterns for the network’s training. 

(a)     (b)        (c)  
Fig. 4  Some examples of input patterns for the 

network’s training : (a) speed dependent signal,  

(b) speed independent signal, (c) none signal. 

3. Numerical experiment and results 

Fig. 5 shows the result of the reinforcement of the 

tonal signals in LOFAR gram using Eq. (2). The 

result shows more clear and connective than 

LOFAR gram. 

Fig. 5  The result of the reinforcement of the tonal 

signals in LOFAR gram. 

Input patterns 
Outputs 

A(1) A(2) A(3)
Judgments

speed dependent signal

speed dependent signal

speed dependent signal

speed independent signal

none signal

Fig. 6  Simulation results of the classification of 

the tonal signals. 

Fig. 6 shows simulation results of the classification 

of tonal signals using pattern recognition technique. 

Input signals for simulation are added 20% white 

noise in the input patterns of Fig. 4. From the no 

error results, the expected results are obtained.  

Fig. 7 shows the results of the classification of real 

application, shown the rectangular area in Fig. 5. 

Input patterns
Outputs 

A(1) A(2) A(3)
Judgments

speed dependent signal

speed dependent signal

speed independent signal

speed dependent signal

(incorrect)

speed independent signal

Fig. 7  Some results of the classification of the 

tonal signals. 

4. Conclusions 

This paper presents techniques using the neural 

network to detect and classify the tonal signals from 

ship-radiated noise. The results of the reinforcement 

of the tonal signal of LOFAR gram show more clear 

and connective than LOFAR gram. And we 

obtained the reasonable results of the classification 

of tonal signals using the pattern recognition 

technique in simulation and real application besides 

of some incorrect classification. 
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