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Abstract

In devices of the prior art such as CT, X-ray imaging of objects has been widely used. However, tra-
ditional X-ray imaging uses material’s attenuation characteristics for X-rays to distinguish
non-destructive field imaging from brightfield imaging. Dark field imaging is a technique for im-
aging a substance using indirect light such as scattered light, diffracted light, refracted light, and
fluorescence. Traditional X-ray imaging technology uses direct X-rays to image objects. That is to
say, open-field imaging technology is used. This paper studies the use of ordinary X-ray source
grating dark field imaging technology, and design of Grating Dark Field Imaging System based on
Monte Carlo Simulation Software. The factors affecting the imaging quality of the whole imaging
system are studied in detail. On this basis, the system is improved and optimized. The influence of
X-ray source on the dark-field imaging image of X-ray grating, image denoising method and ex-
traction of dark-field imaging image are analyzed and optimized.
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Figure 1. X ray tube
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X M2 (X-ray) i HUB, EAT “PoRi—RNE” o T8 X P L(Xoray) DKL T I BT 7500
TRPREIE RO T XN R AT R

E =hv=h— (1)

A
E N X FEETHIRER, AN keV, 1keV =1.6022x107"7 1T ;
h R AR R, BN 6.6262x107 T+ 5
v AYRBNIIE
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A NFEE, Unm RR.
i BRI ZHe A A ()T AR )
E, (keV)=1.23984/4 2)
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Wik T HTFAEAREEUBEE T, HARELBFRIBIRE. XIS RR N e .
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Figure 2. Talbot effect sketch
2. Talbot N REE
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HAB)H dy W Talbot #55, N j& Talbot 4K, p, NALLEHME G1 AR, 12K,

2.2.2. Talbot-Lau F5 M AR iR AR

Pfeiffer 7 2006 F-4& H 1 EH M X FE6IE EATH Lau 208 [2] [3] [4]9F Hi2H 1 5T Tablot-Lua T
WERDCM G 7% BARE R EEWE 3 Fis.

WP 3 RIS I X SRR T 7 JE T Talbot T MG 248, BIILSI N T IEEHE GO 1£
et idg 2454, XEiZ Talbot-Lau T4,

#EANBET Talbot-Lua A MG R R 40 3 2 HHOGIEA ZHOEMAL AL . X =AN 655 A : GO (U
Jeth . G LM G2 (WISOE) . Hodh GO JEIEM 1R F SRR IR 7 i 2 AR, HF H &1
LHVRZ M HAMT, AR ISR AT
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Figure 3. Grating imaging method sketch of Talbot-Lua interferometry
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Figure 4. Grating imaging system schematic diagram

4. KRG R R TEE

B 4 TR L N ARG, SRR, S AR R T DL S
) S S A SRR RS D=L—[1+§Jfo

2) G2 IO CE I po: :ﬁ b
3) WM GO IR po:  p, =P,
Pr— D

3.2. EFFE7TENE X SRR

32.1. BFFREZHE

R R % J % (Monte Carlo, MC)s& —FEUF e iHiE, NHCONBEHLIMEEE[10] [11] [12]. 8T @ 50
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SBENL B RO AESE T, 83 B AL RE 0 HEE 2R R T B AR A R R 3y BN 0 &5 SRl Lk AR
M. SRR P MO TSR ARz, EYS R FHis i, FrS5%i 2 mrfER). K
S BT T A BN A E13] [14] [15]

SRR D INEMOEY S E RE N, T8RSN ERR 4 B H 2 7 1H 1R
T, FERE TR BRI . 52K 2 (MC) Monte Carlo J53% /& — R BENLE AL 75, fhIEAS ™
W 2R —Le B AR, T A B E A B BRI R, SRR KRR R A R
TERNRGAERMIERL, A HRT RGEN TP IS i E G4 R [16]. X HE& SV AERHE T2 —
FRBENLIIFE S0, RIS T XS4 UGt 7o R H 5205 R 2 7 VE(MC) 2 58 2 rTATII[17] [18].

3.2.2. ETFHFFTHER MCNPS 748

FETO UM AR I I G AR AL S, i MCNPS SkSEHL. MCNPS #2/7 4 %% Monte Carlo N-Particle
Transport Code System, ‘& /& | Monte Carlo J7 AR TR 2 R 125 2 48 OBz 17 7 . Monte Carlo
DI P R TR, AR B O, — S B R, I AR AL BB E A P B ALIE B 1 i
e, RIEBTFEZR TSGR PR RGFENEBINE R . EREA 1 RA&E R . MCNP #2577 H T4k
HepF, PR FREmEERE. Kb FReEEN 107" Mev~20 MeV, 7. HTREEEREN 1
KeV~1000 MeV [17][18].

%M MNCPS i B EEH I e 2R M H & K ek F 5V EAEA, BT @ A HE
Sop 0o MR AR AT TS AR B, AR PC MR . AR MCNPS SRR IR HE 5 B A R s - S 4a K
ZHIRLF s 2 .

W1l 5 MCNPS BAU7 SR A AR 7 A2 1

£ MCNP5 fj ELFRAR AN, £E MCNPS 1 i RS g 7 AR L0 BN AR I 20K, 155 ARG I
B IR TCESR A S ALY (1) J LT 6 RH [ 19] [20]6
o ARERARVE SR AR DGR FA T B A AR R . MR R IS & MCNPS 324

B Sys e B LRI 25 (] 58 AR AT 38 S o X T BB 1) 23 (R HEAT X3 K1) 4 - MCNPS H Bk

T A B AL LE AR 5 v oA BB AR 2 TR LT 5 3L, W28 Al 8 X MCNPS SRR =4 (x, y, 2)Th

RIRAEbR R FTAYEREHLL em AL, X TR R A DX Rl o F X 2 . I, s B

(7o BEA B 2 (8] 5C RABEEA — A cell SRFMUE Lo MHEARBR T X5 25 (A0 B 158 SCIEXT B H Y

cell HATLLE LR FR_RERER R 1ZWIR I E 28] N2 8) %5
o MCNP FIHITH ARl 20 MR R XS BE cell HEAT 25101 JUAAT 58 S, o 35S K /NI B O R S50t I LA b

7o
o UESE SURN SR E LYY, MCNP Hh ] DL 8 SCIRRITAR K a1l B AR R 3R I8 [ &Sk
AWALIRE T P

o KIFHURI FUI (8] R E A& A MCNP HoR [ oS5 5 b1 F 96 & T DU & R 10 5 Y0 kAT o
AR AT LR 2 I RD SR SRAF A G R R 740 MCNP Fh g 2 FhER &% 13k B0 T A [F & 30T 7 X 4
[21][22]
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Figure 5. Grating imaging system schematic diagram
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FHALE VLI AR S R 2 B s R G b Horp — SO, SRR 2SR, JEH s KE
F BN — AN R BRI S [FT S L BRI B 10 5 N 2 RS R R T AR AT R
A5 B

FH T 1 37 A% R H A S22l 1o ) O 0 O P S A R G P 7 A IR B R 2 BUR AR IR 43, B AR 22
EMERFFE FE L. HUREAEXME RS T, RIEEFELFWAGE. EHFEE NModxy
SRS MIZR,  SRJE N IR S B A AR I R R f e i GO LA % ith A 3R A5 BURHE
2. e, K7 Himwm.
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Figure 6. Structural sketch of raster-based dark-field imaging system
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Figure 7. Schematic diagram of phase stepping method
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FE i 7 0 A5 T U f T DL R N

<Aes>2} o)

1
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p(a) o\2n exp( 202

o’ W LARORPI B T EUN LI, BERS AR BT U BE 0 A BT O AL A5 2
LG A W ORI BN A R AR AR

X 1 1 ( x ’
f(X):p(Z}:U — exp{—mz [Zn (an

BCEIIRN L, kNS kP IALE . N B

I(xy)=Y a exp(2ni£(kb+<b(x, y)/2n)J (12)

IR A B A0 R BT LA SO (3 B8

%=%% (13)
(2 B AT 5012 S MRS L . U 28 XY EL AL 0 S 5

-l (14)

v :::61_2 (15)
ZEE N
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(7 I % R e e L Pt A e v 45«

Z, o’z2 (2n ’
a =——q ex ol = 17

, 1 (aY (v
- ——Ep(gilnﬂyj (18)
42. BT RS HAEBIRGRGIER
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X SR MRS 3 AR A I R i T 52K R B U7 :(MC)MCONPS # 7 BB, B sy 2 mghal
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HHE RAMEESH . FOVCHE e Mg 2aaKE. SREHEHRMEM G, Gl J6ilE
HAFRATT AT LS BN ARAE N py = 2 pme UE S A 20(4) 15 2 EDE A GO RIS et G2 FIME - BF pp = 4 pum,
pr =4 um. et R FIEECE A . JREE R K/MEE N 30 KeV. RiFHCH 500,000,000 4. S ER
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5.

4.2.2. {RHIKIE
[l E3R 2 K0 B RS R Al 8.

Figure 8. Moire fringes obtained by simulation

E 8. IERBHRREL

8 8 BEIR SR SUH M 275 6 BRI AOR .

FEAS B BE /R % SUG PE SO M 37 R R GRS B B, 07 1 MR RS G YA [ X1t
FEVATTRCE I BENS Y BLTE T A0 BE /R 2 80, X5 LRI SOkt S B M RCR AT &

BB AE S AR AL D LRI 15 S . R IR R SIS RE R, AN 2 pm ) G
FARLICHE P AT AL RS, — X5 0.4 um FIERAG TUIE T 5 BB AE 2 o RN ti T 07 LA vh 2B+ g
FHERI AL RSB — 21, TAE S8 P ) R SR U S MM A% it A FRIATLI R M 75 22 068 RS o JoR i th + 70 EL 22,
DRl O 2 07 SR B R N BATIAERZ B B LN TR ZMH . W&l 9.

BAVEN H RGN AL R E LR BN L0 . LIRS NARE SR, X G2
Xt L0 S T AR SRR B 22, IR 3AT ) Sl [R5 B BRI AR A S, [T e m] LLIE B 37
JEAZ T o

FIE LR AR AT BE AR 1 DL R 07 FEREUE B K 10,

i 4.1.2 IR BA RO (5 2 00 R a6 B RIS I 11,

4.3. X SR E G B F LA R
FE b BA TE R e 32 R A B SR BUTE SR AL G 7 R A5 2 o K 11 Pt REF H A 32 B
A5 [ B AT AR AR S B 15 10 AE 2R 402 07 SRS AU TN 17 45 22 R L FRATT BRI 1) BBt A7 AE MG 75

4.3.1. BIARIGRE ST
X 5RO RS 37 B AGAG I o, SRE G 4 52 31 X 5 R G 0m A0 Ai AN H 5 itk B IR SR LU0 B E IR [
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Figure 9. Five background pictures obtained by phase stepping
9. HEILHIRG S IRERER

Figure 10. Five images with the object under test

10. EBRHNYE T RIRER

Figure 11. Dark field information original image
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18 R E R SRR T B o AP A R AR R R T RO WURGR 22, 2o 0 R85 JE R HEBf 3 BRSEMT
LUBRE - PR ATL R P 488 2 0 S 15 B 3 F T [ 23 o

W7 A7 A 2 ROR RO A I R BB i, AV T I 2 B R 2 b RS AR B, AT 3 AR
XIS SR IR TR, DR S WU S 4 PR R AT B IR A B th 2 AR 2 [24]

43.2. FEEH

ST R I B8 — PRI S ) S (R R AR, @ A R e UG AT AR B . R
I UG ARAE P G R P ER B BB R MR R . P 2 ey, e LR E G h K E
fryRgE R, (ELRI ISP 22 3 s BGRB8 S Bk

B AEERUE KN M x N FEE, S8 mxn KNS 05 BURREAT IR . AT (x, ) G 3

I(x,y) = za: Zw(s,t)'f(x+s,y+t) (19)

FEMEIE Sobel YEPEZ J FRAT EUBRMCT W A BRAE, BRIRIEMRIAZAE B AEOL M-I AL EE, RERSFE(R
RZEEH ORI EGE e 12,

A 0 50 100 150 200 250
(a) JimE& () JFUsE I
x10"

50 100 150 200 250
(¢) TN uE s K& (d) MaFSAbER 2 JE BT

Figure 12. Image smoothing results
12. EIGTBLBER
T o PR HEAT T AL BT PAEATG o AL 352 222 5 SH 4 W P B2
4.3.3. Sobel JEH
Sobel 5 — it 20 Uit )30 A P 2 VE el e e A% » 5T A A 3x 3 HOAERE, 0 v AN e,
FESEGBUKTF B, ReA3 BRI A 22 FE UE .
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-1 =2 -1
G,=[0 0 0|x4 Q1)
1 2 1

T A AME 2 YN ) RO 17 PR B AU 1«
G=,/G+G: (22)
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(RIS 7 (H & AN SR AL A5 2. DRI FI F Sobel €3 5 an & 13 i
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Figure 13. Sobel filter image and histogram intention of X-ray dark field image
13. X G455 1A E 1% Sobel BB REH EREE

Wl 13 i Sobel JEBAL G b AT R SE ISR, AR BLASE NS A . A0S B A PR AT DR
WePE)E, BATRA T EHBBONE M I 245 2 .

DOI: 10.12677/app.2018.811062 502 S A B


https://doi.org/10.12677/app.2018.811062

E SR

4.4. BGLBER D

I g B B SR IR AT 3R AT T 3 SR S, (B2 R IR AR REE RS, IBLIRATAIA . Sobel
TEBCTARENE X EUB I S AT AT 1G5, G PR T AL BE AR R P e 75, (R i
BTG E R ERKL . WL Sobel JERMIATRER IE R NHE H KL L. T4
WX KB BTICER, W X S RS, T I SR IE R X5 20 P 5 R HUR AE I AE S T el G 7
BAR AR GE PR U 5 B BT IR AT IR A B ATTRE DS ELOUUL 52 21 (it 37 B 1R

5. &P

AR L A BN TG PR 7 AR R G R R G AR A LA, B AT XS ARIE R I 1 R
R F S 37 A s 37 (5 BRI L, IR0 G 37 B B e 5 i AT IR NI 78 o 3B X s
WA R G 1 At S IEAT B A EUR AL B, S 28 Mt A5 6 08 7 — IR B SR A 2 R 3 U )
I AHRTFIE S =Fh, TR “ = —1&” BB HT L TARE R MOGIR T, Kt RA IR
IFIIGR N AT . WX RSE, EEIRNSEGRERE =AZ, BB L, ST 52k
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