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Mar., 2006, Dr. of Engineering, Tokyo Institute of Technology (3 ITX)

Apr., 2006 : Japan Society of Postdoctoral Fellowship (=2 #g)

Nov., 2008 : Assis. Prof., at Fukui University (8 X)

Oct., 2009 : Assis. Prof., at Dept. Tokyo Institute of Technology (]2 TX)
Aug.,2010: Visiting researcher, Siegen University, Germany (K%Y, Siegen X=)
Apr., 2012 : Assoc. Prof., at Gunma University (£ & X)
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« JSCE: Japan Society of Civil Engineers (X K&%¥&
« JSME: Japan Society of Mechanical Engineers (i &
« JSCES: Japan Society for Computational Engineers (5t E L&
« JASCOME: Japan Society for Computational Methods in Engineering (Gt F £13%)
 JSST: Japan Society for Simulation Technology (S22l —32)
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What is NDT (Non-Destructive Testing) ?

Non-destructive testing is the method to examine
structures and materials without damaging or destroying
the object being tested, and to ensure their reliability and

guality
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The main goal of hon-destructive testing is to identify

the presence, size, and shape of defects

Therefore, various inverse analysis methods have been proposed
to improve defect detection

(ERIRIREDMERE I REMICRIACHHFEHE T SEMEEIC/mBEND)

o Synthetic Aperture Focusing Technique (SAFT)

o Born or Kirchhoff approximation based inverse scattering techniques

o Time-reversal techniques

o Computed Tomography techniques (CT) A Born-based inverse scattering result
GtENET S5T41) R

Surface crack detection result
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A time-reversél technique result “+ * receiver point

O G. N. Hounsfield, Computerized transverse axial scanning (tomography): Part 1. Description
of system, British Journal of Radiology 46 (552), 1 December 1973, pp.1016{1022,
doi:10.1259/0007-1285-46-552-1016.

O G. N. Hounsfield, Computed medical imaging. Science. 1980 Oct 3; 210(4465), pp.22-28,
doi: 10.1126/science.6997993. PMID: 6997993.
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I was born and brought up near a village in Nottinghamshire and in
my childhood enjoyed the freedom of the rather isolated country life.
After the first world war, my father had bought a small farm, which
became a marvellous playground for his five children. My two
brothers and two sisters were all older than I and, as they naturally
pursued their own more adult interests, this gave me the advantage of
not being expected to join in, so I could go off and follow my own
inclinations.

I

The farm offered an infinite variety of ways to do this. At a very early

age [ became intrigued by all the mechanical and electrical gadgets
which even then could be found on a farm; the threshing machines, the binders, the
generators. But the period between my eleventh and eighteenth years remains the most vivid
in my memory because this was the time of my first attempts at experimentation, which might
never have been made had I lived in a city. In a village there are few distractions and no
pressures to join in at a ball game or go to the cinema, and I was free to follow the trail of any
CT%E DB HEE KEFEEELY interesting idea that came my way. I constructed electrical recording machines; I made
hazardous investigations of the principles of flight, launching myself from the tops of
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Flaw detection in nondestructive testing

O E. Bazulin, A. Goncharsky, S. Romanoy, S. Seryozhnikov,
Ultrasound transmission and reflection tomography for
nondestructive testing using experimental data,
Ultrasonics 124, 2022, 106765,
doi :10.1016/j.ultras.2022.106765.



Objective

In preparation for the future practical implementation of quantum
computers, it is important to develop quantum algorithms that can
be utilized in the non-destructive evaluation field from now

We try to develop a quantum algorithm based
computed tomography (CT) technique
(CTZILOYXLDEKET)

 Use a quantum annealing simulator
« Aim to develop quantum algorithms specifically designed
for qguantum computers

In the following slides, the properties of qguantum computers
and the analysis results of the quantum algorithm-based CT
proposed in this research are demonstrated



Computed Tomograehx SCTZ algorithm
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Computed Tomograph\i/ SCTZ algorithm

The travel time ¢; along the (%) -th ray path is expressed as

N
t@ZZliij (i=1,...,M), or t=1Is
j=1 (ray-path Eq.)

Sj: slowness in j-th subregion  /;;: line segment of the @-th ray path

M-—N— Slowness s; can be calculated by s = [~ '¢

M-—=-N— The problem is reduced to the optimization

problem such as RIRDE
,\ 1 2
s:argm;nﬁﬂt—lst. M>N\
1 SubmRIE D £
s = argmin§|]t— Is||5+ \||s]]1, M < N

In short, the computed tomography (CT) problem can be
reduced to an optimization problem that minimized the
residual of the ray-path integral equation



Brief description for solving optimization problems using quantum annealing
T

Quantum annealing requires that the problem to be solved is formulated in
the QUBO (Quadratic Unconstrained Binary Optimization) format as
shown in N
f(b) ==Y Qijb; binary value
i,j=1
Ray-pass optimization problem considered in this research can be rewritten as
2

M N M N N N
||t — l8||g = yj yj lk;ij — t}c = Z Z Z lkilkjsisj — Zbk Z lk;ij —+ t}%

k=1 \j=1 k=1 \j=1i=1 j=1

N M N /M
=122 Sjlm-lkj) Sisj = ( ) %kzlk;‘) sj +t;

=14 j=1 \k=1
n/ } N

N N
_ Z Lijl5:; + Z L.,;S;+t2| = Z Q.;1S:1s ;1 function of binary value
i,7=1 ‘

J 1,7

Since the ray pass optimization problem was successfully formulated in the
QUBO format, the optimized combination of slowness can be obtained using
guantum annealing computation



Numerical examples
I

B As Qubo annealing, Torch Tytan is used as “quantum simulator”

(A quantum simulator is a controllable quantum system designed to model
and study the behavior of complex qguantum systems that are difficult to
simulate with classical computers)

B [n quantum annealing, numerical solutions are obtained
probabillistically by using quantum mechanics

Therefore, in qguantum computers, the same computation Is
executed multiple times, which is called the number of shots,
to estimate the true solution

Therefore, the following two types of results are presented

MEFERIH 2 D121 (0,1721F Dbinaryx= IR T+ 5 75 fERE)
MHEFERIH3DDRIRE (one hot FIFIH WHELRRE)
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