
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and Discussion 

Table 1 shows dependence of S/N ratio on 
the distance of the flow cell from lenses: f1 in front 
of the flow cell (X) and f2 in the rear of the cell (Y), 
respectively. High S/N ratio was achieved, 
arranging lenses position, namely, changing X and 
Y distance. Arrangement condition No.4 showed 
the highest S/N ratio. UV detection’s S/N ratio was 
comparable to PHI detection one under this 
condition No.4. A chromatogram of 1-nitropyrene 
(a kind of NPAHs) by PHI (solid line) and UV 
detector (dotted line, detection wavelength 375 nm) 
is shown in Fig. 2. The retention time of the sample 
was approximately 6.5 min. The S/N ration of the 
PHI detection achieved was higher than UV 
detectio. A chromatogram of NPAHs’ mix solution 
(1-nitronaphthalene, 9-nitroanthracene, 
1-nitropyrene, and 7-nitrobenzo[a]anthracene) by 
PHI (solid line) and UV detector (dotted line) is 
shown in Fig. 3. As shown, chromatograms 
comparable to UV detector were successfully 
obtained for PHI detection the condition No.4.  

The apparent dependence was observed by 
changing lenses. One of points for achieving highly 
sensitive PHI is to decrease background noises of 
baseline. A choice of lenses and the best positioning 
are needed for achieving a better result. A shorter 
focal length lens was tried to tightly focusing probe 
and excitation beams. However, baseline became 
unsteady. This is because the lights may scatter in 
the flow cell by irradiating on flow cell walls before 
they passed though. The sensitivity of PHI strongly 
depends on the length (convergence) and the 
focus position in flow cell. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 

 A ultraviolet-excitation micro-photothermal 
heterodyne-interferometer combined with a 
semi-micro HPLC is developed for label-free 
detection of NPAHs. Separation and label-free 
detection were successfully demonstrated with the 
ultraviolet laser and the HPLC column selected. 
Good separation and highly sensitive detection are 
demonstrated. PHI has a higher S/N ratio than UV 
after the optimization of the optical elements. There 
still remains some ways of improvement in 
sensitivity, especially by optimization of the flow 
cell design. 
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Figure 3 Chromatographic separation  of 
NPAHs by UV and PHI and detectors under 
the ptimized condition of No.4. 

Figure 1 Schimatic diagram of a semi-micro 
HPLC combined to PHI and UV 

Table 1. Dependence of S/N ratio on the distance 
of the flow cell from f1 lens in front of it (X) and 
f2 lens in the rear of it (Y), respectively 
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Figure 2 Chromatograms of 1-nitropyrene 
obtained with UV and PHI detectors under 
the optimized condition of No.4. 
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1. Introduction 

Ultrasound imaging is widely used in the medical 
field, because of its non-ionizing radiation, low cost 
and high temporal resolution. However, the size of 
an ultrasound probe aperture limits the quality of the 
reconstructed images especially in deeper area. If the 
aperture becomes large, reconstructed images will be 
clearer, however stress of patients caused by the 
large and solid probe will also increase. A flexible 
transducer array is one of possible answers to this 
problem, but the reconstruction algorithm of 
ultrasound image with a flexible array without any 
additional sensor to estimate shape of array has not 
established yet. 

This is because position information of each 
element in the array is essentially required to achieve 
a focal control in ultrasonic imaging process and we 
need the way to know the changeable element 
positions of the flexible array any time. 
 In this paper, we developed an algorithm which can 
estimate a 1-D flexible array shape just by echo 
signal as a first step for making it possible to 
reconstruct image using a flexible array. 
  
2. Proposed algorithm 

 In our proposed algorithm, beam image (BI) was 
used as an evaluation function in the estimation of 
the array shape. BI is an image representing a 
transmitted beam profile in the imaging object and 
the basic idea of BI is derived from HIFU Beam 
Imaging (HBI) 1). BI is obtained by scanning of 
receive focal points around the transmit focal point. 
The array shape is estimated based on coarse-to-fine 
searching. The whole shape is estimated step by step 
from the partial shape. Radio Frequency data is 
acquired by the Synthetic aperture 2) and each 
transmit and receive focusing is done from that data. 
 
2.1 Evaluation function 
Transmit and receive focusing for BI require position 

information of each element in the array. If the 
element position information is wrong, an BI would 
be disturbed because both transmit and receive focus 
are not done properly. Therefore, the fundamental 
idea of the proposed algorithm is that we evaluate the 
quality of BI made by various presumed array shapes 
information and regard the assumed array shape 
which has the highest evaluation function score as 
the real shape. In this study, we set the intensity of 
the BI at the transmit focal point as an evaluation 
function. 
 
2.2 Presumed shape function 
  Various presumed array shapes are defined by 
(1) 
 𝑓𝑓𝑁𝑁(𝛼𝛼, 𝒂𝒂𝑵𝑵, 𝒃𝒃𝑵𝑵, 𝒄𝒄𝑵𝑵, 𝒅𝒅𝑵𝑵) = 𝒂𝒂𝑵𝑵𝛼𝛼 + 𝒃𝒃𝑵𝑵

2 (3𝛼𝛼2 − 1) +
𝒄𝒄𝑵𝑵
2 (5𝛼𝛼3 − 3𝛼𝛼) + 𝒅𝒅𝑵𝑵

8 (35𝛼𝛼4 − 30𝛼𝛼2 + 3) −
𝒂𝒂𝑵𝑵+𝒄𝒄𝑵𝑵

8 (63𝛼𝛼5 − 70𝛼𝛼3 + 15𝛼𝛼) + 𝒃𝒃𝑵𝑵
2 −

𝟑𝟑𝒅𝒅𝑵𝑵
8               , 𝛼𝛼 ∈ [−1,1]   (1) 

 
In this study, the base of presumed function is 
Legendre polynomial. 
 
2.3 Coarse-to-fine search 
In order to estimate a shape with low calculation 
cost, searching method should be coarse-to-fine. 
Even if a whole shape is complex, a partial shape 
can be regarded as a simpler shape than a whole 
one. Fig. 1 shows the way to search. At first, a 
center partial shape consisting of m elements is 
estimated. Next, a longer shape consisting n 
elements (n>m) is estimated using the spline 
extrapolated shape based on the estimated m 
elements shape as an initial possible shape for 
searching. Step by step, a whole shape is 
estimated. 
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3. Simulation experiment method

The acquisition procedure of simulated data was 
controlled by a Matlab program (MathWorks, Inc., 
Natick, MA, USA). Fig.2 shows simulated situations. 
Shape 1 has constant inner 100mm Radius Of 
Curvature (ROC). Shape 2 is given by (2). Both 
shapes have 64 elements. 

𝑓𝑓𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎2(𝛼𝛼) = 0.1410𝛼𝛼 + 0.2548𝛼𝛼2 −
        0.1815𝛼𝛼3 − 0.0894𝛼𝛼4 − 0.0374𝛼𝛼5, 𝛼𝛼 ∈

[−1,1]                               (2)

Each partial estimation is done by Lagarias etal. 
simplex search algorithm3). 

4. Results and Discussion

Fig. 3 shows the shape difference between simulated 
and estimated arrays shape. Error is defined as the 
distance between each element of estimated and that 
of simulated shape. Shape 1 which has constant 100-
mm ROC is estimated in error by less than 1 11.88⁄
[λ] as Fig. 8 (B) shows. As for shape 2, the error of 
left 48 elements was less than 1 6.7⁄  [λ], but that of
right 14 elements was not estimated correctly. 

This can be caused by the possibility that the 

searching result was trapped by the local minimum 
in parameter space. That may be derived from the 
way to set initial parameter for searching. Every 
initial parameter is calculated based on the previous 
estimated shape around center and that results in the 
difficulties for searching to reach global minimum. 
To overcome this problem, it might be effective to 
set initial parameter for searching a long shape 
taking account of not only a center shape but also an 
edge shape.  
 In this paper, we just evaluate the proposed 
algorithm for homogeneous subject and the proposed 
algorithm relies on the assumption that the intensity 
of BI will be the strongest when we use accurate 
shape information. Thus, the assumption would be 
suspicious and we would have to use more 
sophisticated evaluation function when we apply the 
algorithm for the subjects which have heterogeneous 
acoustic characteristics. 
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Fig. 3 Two types of simulated flexible array shapes are 
estimated by proposed algorithm and results are shown. 
(A)(C) The simulated shape’s element position (red dot 
and blue circle), the estimated shape’s element position 
(green circle), and the extrapolated shape (blue line) are 
shown. (B)(D) The distance between each simulated 
element and estimated one 

Fig. 1 coarse-to-fine search method. 

Fig. 2 Simulated situations for each simulated 
shape. Blue square denotes the scatter region. (A) 
Simulated shape has constant inner 100mm ROC. 
(B) Simulated shape is defined by (1) 
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