S. Noz;ki, (Univ.
of the Ryukyus)
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Outline

s FEEDRBEEIVEEHEMEGERN (VA XDERE)
 Space-invariantZiPSFIZH TS E{EBERE
— Heuristic method|Z &5 B2 B & R
— Principal Component Analysis [Z & A B{R B & K
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— Reconstruction method based on the heuristic method
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プレゼンター
プレゼンテーションのノート
In the fast ignition, the heating laser for the ignition is used. The laser is irradiated to the fuel through the corn shell. When the laser is irradiated, the strong noise like gamma-rays, are produced and recorded as noise. The polluted data by the noise cannot diagnostic and it makes impossible to diagnostic fusion reaction. This is big issue of the fast ignition.
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Penumbral images from ILE
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— Reconstruction method based on the heuristic method
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Estimation(Reconstruction) using
Heuristic method

O*A=P
I minimize
O*A+n=P .
O :estimated object
(O :original object




Heuristic method

Minimization of cost function

E(0) = |P(r) - P(r)

2

2+/1 L-(S

A:parameter of smoothness

In order to estimate optimum O which minimize
the cost function, SA(Simulated Annealing) is

effective as reconstruction method.




Start The flowchart of reconstruction
of penumbral images.
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In many experiments, PSF is not known or known with
some error, yielding an erroneous result.

An example:

Original image (35 x 35pixels)  Penumbral image included noise (SNR=20 [dB])

It can be seen that only a small error in PSF results in an erroneous reconstruction.

Reconstructed images by the Wiener filter with different PSF(A R : error of PSF)

N

R=19( AR=5) R=O ( AR=0) R=2 ( =+5%)

Thus it is necessary to deconvolve o from p alone, which is known as a blind

deconvolution problem.




Computer simulation

Both of the radius and =
the source image I1s exactly estimated  of the ryukyus)

o 20 — S . 30
H] S: The size of the estimated image Mean square error
= _ N: The size of the PSF Radius —
E rd 125
S E
n o ey
b E k)
= E —
C = Lo
D
E v $=18

e . _ N5
E rd P=47 5735
E 1st stage P=34
L] 2nd stage

. . ' ' 10
20 40 ED a0 100

Mumber of the iterations



The estimated images In the 1st stage

(Number of the iterations: 0-70)

Number of the iteration

t=0

t=55 O



The estimated images In the 2nd stage

(Number of the iterations: 71-100) Z;'t“.;’:i"y"uf(‘;:is;-

The blind reconstructed image by the proposed method is much better than that by
the Wiener filter, which is not a blind reconstruction).

Blind reconstruction Non-Blind reconstruction

by the proposed method by the conventional method

t=100 (Final result)©) f::(\),\r;is;;ﬁt;ﬂ::‘age oY

MSE=5.98 | - [ISE=12.21

S. Nozaki, et al., Rev. Sci. Instrum., (2002).




A process of the use of the PCA

Stepl : Calculation of the basis function (Learning)

é Y

(Sample imagesN (2D)?PCAL] Basis
\for the training (KPCA)[2 functions

Step2 : Removal of the noise in the penumbral images

" De-noised penumbral

4 Y ( A image
Penumbral Feature vectors
i q B i f t- q Or
Image y \( asis functions) y Artifact-removed

\__reconstructed image /

[1] Daogiang Zhanga and Zhi-Hua Zhoua, Two-directional two-dimensional PCA for
efficient face representation and recognition, Neurocomputing, (2005).
[2] S. Mika, et al., Proceedings of the 1998 conference on Advances in neural

information processing systems 1, (1999).




Am improvement of the reconstruction by the
use of the PCA’s

"The noise in the penumbral image is removed with (2D)2PCA and the
artifact in the reconstructed image is removed with Kernel PCA

(2D)?PCA

Penumbral Image De-noised
Penumbral image

Wiener
filter

KP CA

Finally obtained Reconstructed
Reconstructed Image Image



@Computer simulations

Noise—added penumbral
Phantom image Penumbral images im

Reconstructed image by Reconstructed image by
conventional deconvolution the proposed method



プレゼンター
プレゼンテーションのノート
DIM(2DPCA),SNR,SIG(KPCA),DIM(KPCA),MSE
3.5db 16 5 9 32 2207.475 
5.0db 16 5 9 32 2142.935
6.5db 20 5 9 32 1784.785 
8.0db 24 5 9 32 1810.081 
9.5db 24 5 9 32 1653.606

3.5	30	6	6	32	2174.6541
5.0	16	5.5	10	32	2177.0447
6.5	28	5.8	9	32	1759.8103
8.0	24	5.2	9	32	1836.5261
9.5	30	5.3	10	32	1715.509



Compar ison of the combinations

. WF

(2D) 2PCA

KPCA

(2D)2P8A

KPCA

—_—
(2D) 2PCA

KPCA



プレゼンター
プレゼンテーションのノート
DIM(2DPCA),SNR,SIG(KPCA),DIM(KPCA),MSE
3.5db 16 5 9 32 2207.475 
5.0db 16 5 9 32 2142.935
6.5db 20 5 9 32 1784.785 
8.0db 24 5 9 32 1810.081 
9.5db 24 5 9 32 1653.606

3.5	30	6	6	32	2174.6541
5.0	16	5.5	10	32	2177.0447
6.5	28	5.8	9	32	1759.8103
8.0	24	5.2	9	32	1836.5261
9.5	30	5.3	10	32	1715.509



Reconstruction method |Mean squared
error

(2D)?PCA- Wiener filter- 2154
(2D)2PCA

(2D)2PCA- Wiener filter- 1781
KPCA

KPCA- Wiener filter- (2D)? 3153
PCA

KPCA- Wiener filter- KPCA 3198

S. Nozaki, et al., The 6th International Conference on Soft Computing and
Intelligent Systems and The 13th International Symposium on Advanced
Intelligent Systems, (2012).
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— Reconstruction method based on the heuristic method
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Aperture
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From ILE, Osaka' Uni\’.
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NME, Osaka Univ.
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\ R=20m
|1

r— 1 ] ]
| | . |
| I
I
. I
| -'I |
':’." 265 -2585 I] 2.55 [I 2588
X (mm) X (mmj) X (mm|
(a) Ax=0 (b) Ax=40 pum (c) Ax=80 um

[1]Y.-W. Chen, et al., IEICE Trans. Electron., (1995).
2] E th, 181 5H3(2003).



Estimation(Reconstruction) using
Heuristic method

N\

O*A=P
I minimize
O*AEP
O :estimated object
@ O :original object

P(r) — jjA(r, r') . C)(I"')drI S. Nozaki, et al., Rev. Sci. Instrum.,

(2004).
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H. Inoue, et al., submitted to Plasma and Fusion Research
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