520 B 9 W w5 kKO R Vol. 20.No. 9

2008 4F 9 H HIGH POWER LASER AND PARTICLE BEAMS Sep. 52008

XEHS: 1001-4322(2008)09-1545-06

E = HERGEHFARENSZE RS ERL
EEHFHF BT R IERI S5+ T 1R
B M, DEE. 4 B, B B, KEL
(1. BRKY CHEAR N REHE P ESLE S, EIK 4000445 2. TR K¥ BEER#5 TRE¥%5, T 315211

B OE P TRCF R AR R O b AT A R R B R IR A I E A B A R R X O
IIHT TR RO R AR G P R BT G B D R L SR P AR B BRRA R SRAT A T 5 R R TR AR
B T 505 R B 5 ik (MO X i34 58 bR B HE AT RLADURIE S g r 7 o BRI 38 Dby R i JBE B2 LA R i 38 660 3 B
BRI AT R BB T AP RO k. DRGSR B AE BT MC M- RGN A8 R R 5L
A A BRI I R T 2 B RO P R AT BB R IE R — R AT A R R R v TR R B R E T i

XEW: ERFRTHCTEG: BOCRB RS HUTRIE: SYRREG RERPINE

HESES: 0799 NERARED: A

E BT R B AR N IO R BRI — AT AR N R L R AT AR 1 BRI E A S
rR AR B ARG A i R 0 9 A L FE GRS TN S S B R 2 BT E B . SR i TR
55 W A AR T A A B AR SRR O S B B BN B T b T RO R R G B TR
LA IR AR R RO R IE R AR .

¥l MCNP(Monte-Carlo N-Particle code) 8 J3 5 & 43 B 19 777 12 A WF S8 AF il P30 8IS o - AR i 5 4
T 1 22 161 B A8 A X6F o 7 SO AR AR 5 I 1 S — BT AT A R RO BRI O A IR AR . SR A
st 1 R 2 04 B B R B SO LR R G 08 JL AR AN 56 BE IR AR JL AR AS T8 BT B8 ) A 38 m o 45 i — 2 3 il PRI A48
JUAT 2 B, 3B A 38 1 7 i P AT R . E AT A O v 7 0 A T Ak B T A AR — o AR
0 PG b sl A T IO 43 s R R OB AR 7 I T BRI . A R A BN U ST bR B AT I
LSRG TR S X B SR T S IR TR AR IS AR SR S OGO, T SR TR R B R D 2 R
B K. FEMTRIA ST b B R 200 AT RN o A AR R T2 AR S R I R TR R i A 2 B
HhZ —A7 565 BT 3 SO R 37 (14 5505 5035 1 T SR L] (4 A b R AT A I 3 0 52 2 TR IR A 0 A ) 2 7 A
BORRZE RS B4 —Rh R 5 25 0 25 JEORE b J5 B2 sl it B 600 25 B > S 000 B R BF 5 — O AR
FRE LA B 3O R R G B A IE L . MU AR SO AT ST R B B R AR B R SR
PG T B2 S SR 5 R R S0 % J7 I 0T A 47 i R BRSSO R AL, 15 7 T 0 AR AU sl il 20 v~ B80S0 S5 e %) o
TR G B R A A R B T S DA T OB ECTE U RGP RETR B .

1 HFRERGRFEHER K TERE

FATHT A BB T RO &R R G B E 1, CCD camera interface of data
ER RG] R COD BT R AL LT (% e 2 ™ etem || optical iber
e DRI AL ) B B dle Ak B v S A B P R *
T A A O T T 09 HE A SO IR 1 02 e e O Tt
S M g S S R B 0 T AR B B A system | | systemol || data processng on
I3 11T B 0 7 1D 36 S5 o 5 2 54 BT and temperature
AR 38 BLAARHL IR o AR E BEHE PO BE LAY AT UL Fig 1 Principle diagram of low light level neutron imaging system
YRR T CCD MU 5 i 2 B CCD UF 3R LI % R 5¢ B b OGN R R EAE

(A% L BTG » R B DR AE IO 25 1R T 19 B AB5 E » BAR Bk 199 D16 38 R 1 0 DL P LG D 101 42 B8R D S B H IR L4
] 2% i 5 T S 58 AR L 1) P B /N T IE 4 e T SR SR DG AT A i e 1 AT A S AR R 4 10 18 B s TR

x WrFs B HI:2008-02-01; £1T B #:2008-08-01
EE£TE : EHPRHE LRI & R B IRE ;. BT A KRB 4 R B8 (CSTC2007BB3174)
TEEB N8 HA963—) . B B AT, BZNF X b7 KA B 5 AR 5 AR5 T AR weibiao@ cqu. edu. en,



1546 CL S A B VA S %20 %

L BN CCD Bv SR LR B AR A9 F i R 56 A7 i S Ak BT D) B

2 HFHFREBIERNRT REHRIE
By VTR BAGF T TRH 2 Bh .
PR T BRI A AAR R RO B oA . b 7 gl

FEAT BT AR GERERE il 1y SIS BT T A A8 MMWWWmI{ .
7 B K CPSE) 0 2 11K 838 TR I 7 S [ 5 0 4% 1 1% 1 A

T H P T R A0 R T L3R AE R IR i

BB A AL R B RO R T — A AR 9

Ut 1 R TSR R AR 8 R % e Liz

2 7R

EP?@I?EM%%’%{M%%% l&ﬁl El/‘”)é% Is (; ,j) , Ej uﬁ Fig. 2 Illustration of PSF due to scattering neutrons
WO 3 Rl R RIALEELS S A0 B2 O SR R BN R

OBA AL ENRE SN BRSNS BRI A LA RS 1.Gai) s

@ H e 1 B b HL A AR & R OB R AR B S L () R IK R

LoGij) = Tee ™7, i) € Aumplc oY

T 2 A e 9 TR A5 1 TET A iy ) B2 AR DX UL R 5 TR R A5 B 4 7R XA DB 5 T i TR rp 1 Y
5SS HABRBE P 7oA oy PIOR I ST s d G ) SRR SR AE -y VT PR A R B, il (L) A5 203
00 9y A 2 ) R 8 A 0 A R e ) 2R X

- 1, L,G.j
dGivj) —— gln% (2)
O AT B FE i N I K A Bl A8 T B B b 5 P AR AR S LGl W RIR
L.Giaj) = D FGajokal) = D) fGajak DI (kD (3)
ksl kil

K F G gk O U T T8 BN RO e80T 15 00T Co ) s I RE A TR A Gis ) a5 2 1 B
FIESRE; [k D=FG,jk, D/, (kD

Hy T FA R 5 Wk AR A R RIS A 1 R A I AR B B SO e R X = Bl A X PR IR L i 5K
(DK

LGij) = 1,Gaj) + L) = L[ + 37 fGjk,De >0 ] (4
kil
XA
L= D GGaj k) = DlgCiujub DIkl = 1, > g (ivjak e 200 (5)
kol ksl ksl

k
AH GG DRNEYT RBEE G5 k=G, kD /1, (kD
BT fGajsks DI, G )<<, Gag) s i1z (4) (5 A 1]
1 k=1 and [ =

(isjsksD) = (6)
S fGLgak,D) other

SR GO L o) A A ST I 5. 2l R
S o T 7 (25 A PR L 3 4 R 7 ik — —[amie}> sem |

ﬂﬁzﬁ{’ﬁ—ﬁ‘?ﬂj E/(J /% Zj‘_ﬁ , I)_IJJ I.G .J ) j] /?: %iﬁ Hj Jﬁ*_,; , ﬁ[] [E] 3 Fig. 3 Signal flow chart of neutron radiography
Biow &3 RO G R A S AR

B LG Lo=yGj) s gGiaj kD =hGivjok D)y e 300 =2k, D) M (5) Ay
V) = DThGisjoksDa(kyD (7
A h Gk DN BN R GER o WL o ARSI RAS AESE R A R B E 2 R BR . N Al I L R
FROEBUGR BRI B RSE S E & — N yGa) 3R 2 Ga ) W RS BRI, AR SR OfF 5 M 2 Gy ) 3
v (g R — A RER R B B - i T O B/ A s 5 SRR G OB R h BRRAG SR « (L))



%M BORAE . R TRCT UGB R IE 1 SRR R BN 1547

B BRI B A= f (o) s HLXE T AN Ta] O AR - R0 i BE B L o o) AN — B DRt 2 25 AN RS A8 1) s D2 (o) g [T R
PS5 1% PP R A RS R R

3 AT REHERERITE
3.1 RBEFTARNERT BRY
S TSRS CT (g, 200N TE R AR - AR B B (D) & F b 5 WER S R, 8 — R FE & HL O,
SR AR R B R B0 A B B T R S R R A, T S PR A AR TR LA R L AE R R RN AT
00 LR T 2245 R 2 (MO J5 3 B 40U A 5 i
FUETE B A R bR B SRR O 6 BUAR B TR pR K
HEAT O . MC J7 2% 32 B J2 ok fhoRE i 7 7 L 8 B R
Tz o R DA 2R G Y LS O T R
(L S 1 B o i | N = LA A e
BAR 2 G5 A AS R AT B DA T AR ) S 5 4%
R EY R BARRF R MCNP, 1 + MC-
NP /] DG 9 #EAS R AE JUAR] b 0 47 3E 558G 1 b 45 348 1

-

collimated neutron beam
T —

detector plane

sample layer

neutron source plane

A \}Téﬂ;(fﬁz ffﬁjj&{u y }%j £] fﬂ_‘ému %’%*ﬁ T IIFI 15 ﬁj‘ Fig. 4 Calculation model of PSF in neutron imaging
BUZ AR = BT8O B . SO SR FH A TSR A 4 B4 R R R R TSR

4 R e T Okl JRE

T 5 M R B X BRI RSB T AR I RS R T 114 S 5 % A R A S B R S B R S AT T
fa A B A X RE LA O U5 = 1), 2R 0,05 em X 0. 05 cm (¥ 5877 i 187 95 IR /N 55 R 234500
KN —H0 REENEF E 0. 005~0. 500 eV Z ], i FHEIE O Maxwell SR RERE s O 10 em X110 em X T
H O JZ 8RBTl i G R S58B4 O OB M &R H F4 NI A — > 0. 05 em 0. 05 em X 0. 02 em & IGH
R RN
3.2 RYREHER

HIF MC BRIS2 50 FAE A IR T 45 L (2419 G o [ 70 2 A 6 5506 G R0 9002 » LA i 0 75 5
EREAMETI G=G(T, L), miX 6 H,G L £ 2. WA 5,76 o Jr i bxd F s Bl ek A7 8045 28
JE V" =+ AR e T A B ey P f RREC IR R B B AR TR R 2 Y S O A IE S ik
AT DAy Bt e 40050 52 (2 0 A R I B RS A 6 0145 R 8A 1 1 U R B

f=ae ) fae e’ (8)

Afarsasser ooy B T ML A RERBGENTR WA &R 68

Bl 5Ca), (b 435 2 MC BEARE] T=0.7 em,L=1 cm i, £ B3R BEEI TN o =0 W v J7 () LAY £ 5 B2 1 4

«  fvalues 1
fitting curve

12
o
<
6
0
-100 -50 0 50 100
y/ pixel
Fig.5 Intensity and fitting curve of f function at sample’s thickness of 0. 7 cm and sample-detector distance of 1 cm
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Monte-Carlo simulation of scattering correction for

quantitative neutron imaging system

WEI Biao', MA Xiao-xin', JIN Wei*, FENG Peng', MI De-ling'
(1. The Key Laboratory of Optoelectronics Technology and System , Ministry of Education,
Chongqing University , Chongqging 400044, China;
2. College of Information Science and Engineering ,» Ningbo University, Ningbo 315211, China)

Abstract: Neutron digital imaging is a low light level imaging technique. It is difficult to extract the quantitative information
of samples due to the image degradation caused by scattering neutrons in the imaging process. In this situation, the principle of so-
called scattering degradation of the low light level neutron imaging system is analyzed, and the degradation process in this system
is characterized by point spread function(PSF) superposition. Using Monte Carlo method, the PSF is simulated and modeled as an
analytical function of two parameters. the thickness of sample and the distance from sample to detector, and then the calculation
method of PSF is presented. The result shows that constructing the PSF of this system and applying it to scattering correction for
neutron images is an effective scattering correction method for quantitative neutron radiography, which has the theoretically guid-
ing significance for reducing the adverse effect on imaging quality induced by scattering neutrons.

Key words: Quantitative neutron imaging; Low light level imaging system; Scattering correction; Monte-Carlo meth-

od; Point spread function



