5551 B4 3 T % IR Vol.51 No.3
2022 4E 3 A ACTA PHOTONICA SINICA March 2022

5] H #% =0 : SHENG Liang, ZHANG Yanhong, GAO Jianpeng, et al. Three-dimensional Neutron Imaging Reconstruction
Algorithms Research of Pulsed Radiation Sources[J]. Acta Photonica Sinica, 2022, 51(3):0311001
JRSE SRHRZL e MG, 4 . K sh SR A R AR SRS [T )0 T A4, 2022, 51(3) : 0311001

W o S 2 50 = 24 o 19 T A 9 B9

Bl kua Ham , Fm REE LAE
(1 VG A0AZ $5 AR FE BT i Jik 48 S 20 B2 A5 400 5 358 107 [ 8 B A S B0 %5, V%4 710024)
(2 4R TRYF AR, JLE 100084 )

W OE RN EN R Tk, BT S AEREN T KRR AMMBMBER Z o HEE, ABTH
WRHSB RRPPREERFAELAREAEGR Y AEZ BT E TR EERE NS
MEALRBEARRPERBERMBEOEEY R Tk, BAAARNTHE ZEFRLRAA —
EHAHREG DR A ETREIMERY AR TAERATRARL KB ERGHEE, LA
ATRRXPZAEZHFRLOFL, TARETHELERRNEDEMRBR T A E—2RELELRT
MYy AERYZEEAMEMTRGFE M, A AR HHRELE KLREZF =MARAFT T4
LRI T RN, 4R AR D HAE LY R o9 & K2R BRI R AR AT

KER: AR T RN RS M RRPBERA R R T A RS RRE

FESES:0536;TLS1 SCERFRIRAD : A doi:10.3788/g2xb20225103.0311001

0 58§

UE AR R WO 7 4 45 R B IR AR AR AR B TR R AR SR B DX 2 ) 4 AT R BR T T A A
K PR L AR ) B 2R AR K 692 W AR 958 DX 23 ] 45 04 X6 T e it R 40 X6 BR PR B R it R 56 i BB BRY TEA Aok
RO A AT X, AN AR R RS B g BRI DX DL KT ) A v R AR L AR T Y S (R 4y
i, R o AR B AR S B 9 bk b S R VR P RE A R RS B B L A AR AT B2 A5 20 T 42 80 4R AR
HEST T LT R AT FL S R ARG 5 0 A e i 2 T R SR S O R R T NS iR R G X
2 A 7R R LA AF SR A R AR A PR 4 75 Ak, B X 0 R o G AT B R R R AT T — S R R R ek
AR X I B 3 ik e o 0, R T AL IR LN 5 EUR IR B R R R RN T 24 IR AR A
SUHL LT - v A5 38 4 B 50 35 = RO TR A B 23 20 A 5 BAd s R OBl R T USRS 1 4 R A
SR G DX A 2 R R T 1 2R R A B, 0 vk L I W AR e DX S A 4 S TR A A AR R R
P DX A B A T L) P S B0 AR T A X BRI 4 o e i AE R R 2 R ) PR 9 A, BB LR T e
T A R R 25 R 4K K B (National Ignition Fusion, NIF) A1 A A9 BIF 5% 45 5 26 B, = 4R 4002 e 11
B R A S A R O R, AR T A S B BR B X A A T A S A R R ST AL
JE BT G B AR 5 2 B RS B9 7 3T DL TR X = 4 3 A 45 R B i T ko R R — BB 1 R
Sif A 2 I I i S o R A b Y R R A o R A A AN [ DY B 22 4% 2 OKE R VT D | R R B R 1] 06
K A ML R A 22 5 TF S A7 A8 55 IR X, — g 2 ST A o il A i Sl o A BR (<S5) , o S8 [ B R K B
G AR SRR T AP RO R A kR L T AR A RO b T R T R G s 1) A — R
ELP S ) TAE A 25 R AFAEDSE IR R R SRR AR A R A, v [ TR P 38U 53 e 7120 B 46 1997
AT T ICF AR 5 B TR 1) X B 28 = 4k A8 £ R R, 3 7 3 T8 % & 4 (Algebraic Reconstruction
Technique, ART) i) = 4 & 1% & Jf 5 %' 5 35 B VOLEGOV P L %5 ## 57 T % K # 22 (Expectation

HEETA : BHK A RR 34 (No.11575147) , 57 45 3 4 (No. JQZQ021901)
E—1EE RS2 (1979—), B 01 WL, R EEHETETr I A Bk i 45 42 W . Email: shengliang@nint.ac.cn
Wim B 202108 24; R A B 20211105

http: // www. photon.ac.cn

0311001-1


https://dx.doi.org/10.3788/gzxb20225103.0311001
mailto:E-mail:shengliang@nint.ac.cn

T o AR

Maximization, EM) 5 ¥ E 4% & & 7 =Y, DL K = 48 b 7 | 1% Bk R B0 (Spherical Harmonic
Decomposion, SHD) A% 4 bR % /3 fi# 8 2 J5 3% (Cylindrical Harmonic Deomposition, CHD)!"" ', 5 F o %5 43
it fige AT Dy 1 B A EE A P | A R A S R SR T R E — 1 0 P (H R A ﬁ%ﬁ YA AR
T 1Y BRI B R .

AR SC L S R R B S ] 43 A5 Ay e 3T RR B AR BR TR R I SR G2 43 B 2R 0 ST K BRI B i R EM
AR PP = Y EG AL . 5 NIF A 5 3 v LA [a] |, AR A0 AT 1 24 PSR A S R b IX 45 4 B A —
E BROW PR X — W B AN R T —FR RO R i S EM RS S R A . O R B DAY
BRI RO it R R S IR AT = e A SR R A A R AE Oy EM SR AT kA, R A A A ]
DL AE & EM 3% AR E 76 BKOE oR 8000 i T A 45 R 20 00T S48 30 00 S5 0 i

1 KERHAB-EEGERREE
2 o S 9 A B 0 AR 7 T LR

1(d.p)=P,{S)(d) = J S(d+gp)de— f S(ué, + vé, + gp ) dé (1)

KP I(dp) W BB KR d = ue, + vé, WGV F 09 5 p R BERET7 101, h 6 1% o 44 ok o 33 22 U
S (r) BRI o6 BRI

r) =Z Z 50a(7) Y10, ¢) (2)

S rTERR AR R T IR 5, (r) RIS BB Y, (0, ¢ ) B9 R IT R L
RS,

Kb r=ué, +ve, +&p.(r. 0, ¢) 0
R OMARK (D) BB IR S, B T 0 p 5 AT ROV R E 2L A

o, 0,)= 22 2 TOAR)F{50,(r) Y, (0. 9) (0. 0,.0) (3)

AP T (@ w,) R (2, y) H 0 H 22 T“ (R)ngner— PR R e RO HER A R T 6T Bk
R BB TF o AL AT B, A (3) T A B (4)

~ N 4 ~ ' ~
L(w) =>] >} Hi"(R)5,,(w) (4)
[=0m'=—1
AP, 0= /w+ v, 5/,,,;( w)H Sz,m’( r) i) Hankel 28 #t .

Sl @ )F . ’st,,,y,(r) P2 I wr) dr (5)

T, () R — 2Bk U1 SE R R . AR IR B A RO 20 (4) IS Bl AR AL
[=Hs (6)

i o il 2Rk T R AL (6) , 15 B TR B9 BR ik bR RUR F R8s, 19 Hankel 28402 5, ., 88 J5 % 5, #5847 33 Hankel 25
e, $5 e T LAAS 20 Bk S IR 04 4 A S ()

BRI RES o il T — i RO R 0 X G LA R G 1 3 I D A AT vk T AR A O — B A . JR S ()
TE S [5) i 8 JF B0 N B, 28k 7 P4 9 2R B0 I H A BR22 3 1 OI@ s B VR BR ) . e B0 il £f B A0 A
BT YNV — 1 rank(H ) =(N+ 1) 4 N= VI rank (H) <(N+1)° RATEN<V —
L S 4 G Bk, 7 TR 4 (6) 77 70 M —fift , DR B AT 7 9k BE A8 1 S SR S DR A e KBTIV B N =V — 1,

I R i bR KIS0 i 6 5 AR5 B OB ER IR AT T = 4R G I A, 5 AN A B AN A 1 TR, E Bk AR bR
Y A A ) (1040, 200) , (149°,307°), (61°,328°), (157°,132°), (84°,247°) , ¥ ¥ 1% 55 il i) #f1 £
A5 7T LA 75 2R B B R 451 BRI uﬁ%@%ﬂ‘%’%/ﬁﬂ’ﬂ%??&ﬁﬁ100><100><100,1‘F§}$E’J~/\$H3
K43 512 70 .50 A1 30 AR FR  BRC 7 UEHE B 4 O R B 43 8] 43 A A e T R AR, RO SR EE O 1, Ly
(4 5 £ TR1 B A 1R R, B A A5 il 3R A5 14 B0 8 52 IR K/ 100X 100

0311001-2



BT A ko S R = b TR R TS

///
/
200 ’ //g
150 - 1l i
100 -

50 - N

w =50 - R

~100 - /4
-150 - é /7300
=200 -
s / /200

300 ‘ 100

100 (3 T - /;i -100
-100

200 300

Bl MaksEidEoaERY
Fig.1 The 5 projection views of the ellipsoidal radiation source
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Fig. 2 The three-dimensional image reconstructed results by spherical harmonic decomposition
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Table 1 The comparison of these three-dimensional image reconstruction algorithms
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Three—dimensional Neutron Imaging Reconstruction Algorithms
Research of Pulsed Radiation Sources

SHENG Liang', ZHANG Yanhong', GAO Jianpeng’, LI Yang', DUAN Baojun',
HEI Dongwei'
(1 State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear
Technology, Xi'an 710024, China)
(2 Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract: Three—dimensional (3D) neutron imaging is the cutting—edge diagnostic method for pulsed
radiation sources driven by laser or Z—pinch. Neutron images with different energies can accurately diagnose
the spatial structure of the burning Deuterium—Tritium (DT) plasma and surrounding materials under high
compression ratio, which is of great significance for improving the technical measures of compression
symmetry, verifying the physical model and evaluating the ignition performance. Utilized the computed
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tomography method, 3D information of the target internal structure can be acquired by multi—view neutron
imaging method. Along with the limitations of current technology, there are great difficulties in pixel level
accurate matching, high—precision time correlation and camera sensitivity difference correction between
different imaging axes due to the high radiation intensities, short durations, and wide energy ranges of the
pulsed radiation sources. Thus, only a limited number of axis can be implemented. Reconstructing 3D
images from severely incomplete two—dimensional data is an ill-posed problem, which suffers from large
solution space, artifacts and inability to maintain edge features. JIANG Shaoen et al developed a 3D
reconstruction algorithm based on algebraic reconstruction techniques. VOLEGOV P L et al used an
iterative Expectation-Maximization (EM) algorithm to reconstruct 3D neutron or X-ray sources. The
algorithm reconstructed the main geometrical features of the source, but introduced artifacts affected by the
angular distribution of projection directions. VOLEGOV P L et al later adopted Spherical Harmonic
Decomposition (SHD) and Cylindrical Harmonic Decomposition (CHD) methods to the reconstruction of
3D radiation sources. While these analytical methods based on basis functions expansion were fast and
could acquire the unique solution under certain conditions, their representation abilities were limited by the
number of imaging axes and would produce artifacts related to the truncation of expansion order. In this
paper, we introduce and realize SHD reconstruction algorithm and EM iterative algorithm. Considering
that the inertial confinement fusion radiation sources have some spherical symmetry and the EM algorithm
can find local optimum solution, we exploit the SHD reconstruction results as the initial value of EM
iterative algorithm. This method actually utilizes a physical prior based on the target physical characters
overcoming the question of large solution space for the limited—view 3D reconstruction algorithm in some
sense. To evaluate the performance of the proposed method, an ellipsoidal radiation source with a Gaussian
intensity distribution is designed as the target source to be reconstructed. Compared with the results of
SHD, OSEM and MF-OSEM algorithms, the reconstruction results of this method are closest to the ideal
ellipsoid source. Our method also achieves the best results in terms of three quantitative evaluating indices,
which are 36.545 4 (PSNR), 0.014 9 (RMSE) and 0.031 5 (D, ), respectively. The results indicate that
the EM iterative algorithm with initial values constrained by SHD algorithm exhibits better performances
and better adaptability to noise compared with the SHD or EM algorithm. Our method can be used as a
benchmark comparison algorithm for the reconstruction of similar 3D radiation sources with few—-view
projections.

Key words: Three-dimensional image reconstruction; Spherical harmonic decomposition; Expectation
maximization iterative algorithm; Fast neutron imaging; Inertial confinement fusion
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