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Scattering Correction for X-ray TICT in Testing Composites Workpiece
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Abstract: In the case of a polychromatic source in X-ray TICT, the phenomenon of Compton photon scattering
in material takes place. Scattering photon with useful message getting into detectors leads to false image. The precise
accurate models equation of scattering correction about interal composites workpiece in X-ray TICT from Compton
scattering intensity equation is deduced for wiping out the false image efficiently, which results from photon

scattering. By subtracting the count of scattering photon from the one of each detector, it can wipe off the false

image for scattering photon effectively for X-ray TICT in testing composites workpiece.

Keywords: ICT; Scattering correction; X-ray; Composites

1 X B2 VR B 5 2 ol 3B LI R
BARX-TICD H, X FLTEF LW A, 5Y) K
A AR B AR R 72 A 4 U 6T TSR S AE A 3 5
HFHRERGBE, & MBSO TR Y Rt A
BT WA 5, BV (5 FH 1 85 A e DAY Bk, R b
AT RSB IE .

EEMMA X S LBHNYRELFRHSB

Y 78 B H#3:2005-11-29

ESTH WA AT THREBITE (06C606) ; HIFE“+—
HEABRRER— RS WA

EE R EEE 19730, 5, 1+, Y. T 5Ll
J2 5 AR B AR A S R S AT .

Compton U MR E T #2, @ T X-TICT EE &
BTGB B EEEREBEF L, NE
MEBRE MR T AR g X 6 #UR 1R 8 3& AR
MEMR IR A R

1 HEEERE

o T RBEHEEEANEE R «=1/137, 8T
TR KA EENE - R BTN
1075, b R % 08 — . 78 TICT 24k
& MOXN [0 i W T [ N2 M4~ 8R 3k
WS T B ¥, % 2 F B A8 4 T a8 K B A 45 2 i
N AR

2007 w2os may 181



AAF XHRRESHX T i Al AR BEEARELESMH e n F o ag E

f]ﬁ/)i_-'ﬂ‘,'ﬂ/

Bl B R A A

WmE 1R, BE X FLREMEBRE TR
BRI TE e~ +de BRI DAL T5 L A0,
[=1,2,- N, \SHE O &K X6+, 1 r HEA
T, 7E SGry$) 4k & A Compton BLSF, WATA, A
% FEAS RN 2 R BT 78 T 0F B A RO R AR AR
P Y EBCET £ 6 O[] 7= AR B HRCE G T B AR R AR Y
SR 1(0), i Compton U IR B KR A

I,
Any?

do() - s .
dn )KN ~ 2[1+a,(1 —cosh?]

1(0) = n. P(E, ) e*% e% dQpdupd: (1)

P(E,® :<

2

) aZ (1 — cost)?
[1 eSOt T cose)]

R L—EHFEREOCCTEHO;
HEBHS S SG. OB
AT dov NP3 F 5B
PE,O—— ASPOCTRES B2 K /A do A&
AN F A B 4 B, Bl Klein-Nishina
ooy B R
dQ=2mnsind « d0;
o —F§ T i Xof A9 06 F RO St 2 D R 45
do—— ASH6F7E LA il i i BB AR 5
o —F U AR 0 o BRSO T RO St S DB R 45
d\—H S FE LA i AR 5

r

Nne

dQp —— R F 0 B RAR AT 5K B SLAR A 5
do——4 AE 5 B9 A A AR

T HRWBE . B AT R AR A R0 L
AR 0B A — R B ST A R 5 B

AN H W

7o S TR

ro=2.818X10 ¥ cm;

-

mc

E,— ABtFHIBEE;
mc’ HF#IERE;
mc?=0.551 MeV;

G—HU A

182 o7 moonmam

X FEAPR T, SR AL

wE = oS, B (3

% Or
K o—BEMH THHE;
Ci— &K k BWRE;
e (E)——JC % kX X ST A9 =200 R 40
o—— LR kWEE.
7= X-TICT #, @8 % %R <<1.022 MeV
XHEE, Hit X SHLE5YRMIERFEZEZLHR
RN Compton HU UM » FL X 5500 7] 2 B . BT
PL, X 5 2R 19 8 32 080 R B pho BI DG L RUNE a0
Compton U RERL s AR 5 B
Prow = ton + e = 1[0y (E) +0.(E)]  (4)
A Oon » O 43 3 3R 7 O FL R 1 43 R T RN B A R F
i) Compton B #TH . T -

1 (E) = ng [0, (E) +6.(E)] &))
KH ne WTTE k YR FEIETFHE, BN e/g.
ny = NeZifr )

H£HF N, BT AR A48 55 5 55

Zi— TR kRTFEG
M,—JtE kR TREL.
BT LAE tor =poh (Eo) + p (Ey) =
nekl:aph(Eo) +0.(E)] @)
KA o B FFIRE S P 2 TRY T VI REER E,
4 XO6T B9 RE B 7E P BE R B, O B RO 7 AR
G TR RER AR, SRR KA, WA H 2T
g, B AT AR A, H % & Compton HUt
RSB . B

to = pa(Ey) = 140 (Ey) €))
. o (In(l +2a,) 1+ 3ag
8C(EO) - 21[7'0{ 2(10 (1 +2610)2 +
].+Cl0 2(1+a0)_ln(1+2a0)
at [ 1+ 2a, a, ]} )

K 1 (Eo) R~ R AL G o & JCE W) X 90 46 A
2 E, i X §14k R % & Compton U5 3% B A 3 I
A% . [F# R % & Compton B RN , W

= pa(ED) = nyd.(E.) (10)
- In(1+2a,) 14 3a
OB = amrd [ A+ 2407
1+ar2d+a)  In(d+2a)
at [ 1+ 2a, a, ]} ab
E
Z_FEEF' alzm—ccz;



AAF XHRRESHX T i Al AR BEEARELESMH e n F o ag E

ﬁ%ﬁﬁﬂ/

E—HH e T HRER;

— EO
E°_1—|—a0(1—cos(9)°
dp = M,d_ﬁ Y= w 12
r sing
K A—THKEEE;
dv = Ahrd$dr (13)

T2, X-TICT %% & # B TR0 § Compton #
SR BRI R A

1@ =1l N’ ’72 Z’“O"P(E 0) -

e—pNaZk)M—k(?c(Eo)do e—pNaZk)M—k(?c(Ec)dl .
sin¢g
W 1R B RRE N BRI A =KL T X
(S[’INS[’Z)’ Il lZ(%"“/’Q*ﬂ]]] IZ(S[%"‘S[M)’IJM dQD W
T BT LiRRA

Y 4, 4,
I = L I <0)d¢+L 1 (0)d¢+L I'(®d¢

(15)
rsin(p — $) — %0
b = tg™ R+L
—rcos(go—¢)
rsin(@ — ¢)—|—
¢ =18 R+ L — rcos(p— ¢)
rsin(p — $) — %0
i —1
b= tg R — rcos(p— 9)
rsm(go ¢)—|—
=g R — rcos(p— 95)
K b ma R T 5
iR,

FTRAGRKRA dvFEA L BEF j AR & 892
B XOtT R — IREUHE T80

I,(e) ZJIﬂd'U (16)

LN, AR Zipy
I](e) o 47[7'2 2 Mk

szz e pNEM 0, (Egddy o pNEM—s(b‘)dl
sin(@ — ¢)

{L P(E,a)sin¢d¢+ﬁP(E,e)sin¢d¢+

V“ PCE,Dsingdg) drddds an
93

Hh 0=¢+¢o—9,
X T2 A, —REBEEFRLRR N

1) <A 2DY TN ED -

L [, e ™Va EM—ME Yy o—oN, EM—a(E )d,
J J sin(@ — 95)

J PCE,8) singdg+ J% PCE,0) singdg +
& )

r“ PCE,Dsingdg| drdbdr (18)
2

K L(ED—# THRIGEREN E MGTIRE;

0.(Ey) 0. (E)—Xt i it & & E; X H Compton

AU G F B9 O H R B 43 B T

145 J5F 19 Compton HURH#LTH .

Xt FHESE X HE, BNTHIAE SG.H 4

dov B HE L 3 BESR j M RIN AR 0 — IR B L F30HR
Xt e & E 4, Bp

2
) =Niﬁ’; ”2 kakj I,(E) -

JZJZ e EM 0, (Epddy o—oN, EM—B (E)d;
sin(¢ — ¢)

{L P(E,6>sin¢d¢+ﬁ3P(E,e)sin¢d¢+

[ o) singdg) drdfdEdr (19)
Ref 1 (E)—— AMHRIERIER E 050 8K
E, B, —— 55 X 354 U8 Al R R0
MEKRE R
L9 BV 45 J - HT 2 40 B0 B B A
2208 T 025 55 X 05— VRO F B0
HiER
X T AR T 15K H AR L B4 = F
ARSI = —sin~ (5 ¢, =sin™ (B2, o
Ty R 5 BT AR Lo BB LB 09
n L sint B sin Ko g o
—R3 =0, r BN -

r = Tcosp— /R: — T?sin’

7> —2rTcosp+T?

r, = Tcos+ /RZ — T?sin?
ASHOEFIERE TO i B RRR A
dy = r— (Tcosp— /RZ — T?sin’$)
BAEFERE T s RRR A
d, = xcosf+ /RE — x*sin’B
2007 2ok mam 183



AAF XHRRESHX T i Al AR BEEARELESMH e n F o ag E

Tr I HE A

K x=./T++7—2TrcosP;
p=n— [0—|—sin_1 (Tsin ;)]o

2 #®ig

MWL T L o BERE, 56 5 ARk B9 BT B
2K (19 # Compton — K BUHHEF 40, B A AR £
&k Compton B F3& B h %

ASTREREREE i kgL I, (E) 5 EfMXR
BE X SR AN R T AR 4L, 7 2258 i i W E .
L((B)5 EMRXRRT S CERL6 IM[8], X 2 &

BB IERX QDR Y E 2, il & % AR
. G MXNDMER,FM MXN RIKIE. &8
ERBRMERED REERRER —E/H.

SEH:

(1] #H%¥E.HE8ER.H B v 5K ICT + /Y EEL 5E LA
BAHHMEIEL)]. CT it 5 h FI#F5T,1995,4(8): 35.

[2] Liao Changgeng, Yuan Jungian, He Haiyan, et al.
Studied on theory and application of nondestructive
inspection using compton scattering[ J]. Kexue Tong-

bao,1987,32(8) :517.

[3] Lopes R T, Valente C M, De Jesus E F O, et al. De-
tection of paraffin deposition inside a draining tubula-
tion by the compton scattering technique[J]. Appl Ra-
diat Isot,1997,48(10—12) :1443—1450.

[4] Cao Z-]J, Fery EC, Tsui BM W. A scatter model par-
allel and converging beam SPECT based on the Klein-
Nishina formula[ J]. IEEE Transaction on Nuclear Sci-
ence,1994,41(4) :1594—1599.

[5] Leiliveld CJ, Maas J] G, Van Eijk C W E, et al. On
the significance of scattered radiation in ndustrial X-ray
computerized tomographic imaging[J]. IEEE Transac-
tion on Nuclear Science,1994,41(1):290—294.

[6] Hanke R, Bobel F. Determination of material flaw size
by intensity evaluation of polychromatic X-ray trans-
mission[J]. NDT&E International,1992,25(2) :87.

[7] Guy M ], Castellano-Smith I A, Flower M A, et al.
Detect-dual engergy transmission estimation CT for
improved attenuation correction in SPECT and PET
[J]. IEEE Transaction on Nuclear Science, 1998, 45
(3):1261—1265.

[8] Rogerio Ferreira de Paiva, John Lynch, Elisabeth
Rosenberg, et al. A beam hardening correction for X-
ray microtomography[J]. NDT & International,1998,
31(1).17—22.

AAAAAAAAAAAAAAARAARAAAAAAARAARAAAAAAAAAAAAAAAAAAAAAAAAAARA

(&% 180 )
7 LI

SEH :

(1] B, R L. "/AE. % Z48 5 g KRR
R&ETRBHEARSH] EYEXTRESRK, 1998,
15(3):311—316.

(2] B, & Bl B/ME . & —FiZE TR MR A
WEFZARGERFTE] FEREXERERP
207 ,1999,39(9) : 9—13.

[3] Smith Stephen W, Pavy Henry G, Ramm Olaf T.
High speed ultrasound volumetric imaging system ——
Part I : Transducer design and beam steering[]].
IEEE Transactions on Ultrasonics, Ferroelectrics and
Frequency Control,1991,38(2):100—108.

[4] Ramm Olaf T, Smith Stephen W. High speed ultra-

sound volumetric imaging system —— Part [[ : paral-
lel processing and image display[J]. IEEE Transac-
tions on Ultrasonics, Ferroelectrics and Frequency
Control,1991,38(2):109—115.

[5] Lockwood Geoffrey R, Talman James R, Brunke Shel-
by S. Real-time 3-D ultrasound imaging using sparse
synthetic aperture beamforming [J]. IEEE Transac-
tions on Ultrasonics, Ferroelectrics and Frequency
Control, 1998,45(4) :980—988.

[6] Smith Stephen W, Warren Lee, Light Edward D.
Two dimensional arrays for 3-D ultrasound imaging
[J]. IEEE Ultrasonics Symposium,2002:1545—1553.

[7] Johnson Don H, Dudgeon Dan E. Array Signal Pro-
cessing: Concepts and Techniques[ M]. Indiana: P T
R Prentice Hall,1993.

A A D

R AL IEF Ak . www, mat— test, com

A A A

184 o7 moonmam



