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Micro-focus in-line X-ray phase contrast imaging experiment and phase recovery reconstruction
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Abstract: Objective To perform phase contrast imaging experiment and phase information extraction based on micro-focus X-
ray source. Methods Based on Fresnel-Kirchhoff diffraction theory and considering the effects of spatial coherence and temporal
coherence, the general formula of continuous X-ray phase contrast imaging was derived. According to the method of extracting
pure phase information from the images containing phase information and absorption information, the phase contrast images were
processed with MATLAB. Results In experiment 1, phase contrast imaging was conducted on a plastic straw. By changing the
distance between the detector and the sample, the images which were clearer and larger than those obtained by traditional X-ray
imaging and highlighted the boundary information were obtained. In experiment 2, the phase contrast images of borosilicate glass
at tube voltage of 45 kVp and 70 kVp were obtained and then the phase contrast images containing pure phase information were
obtained through phase recovery reconstruction. Conclusion For light elements, micro-focus in-line X-ray phase contrast imaging
is superior to traditional X-ray phase contrast imaging in image resolution and image contrast. The technology of phase information
extraction will greatly promote the applications of X-ray phase contrast imaging in general laboratory and clinical tumor detection.
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Fig.1 Micro—focus in-line X-ray phase contrast imaging device

Hor, R STAE BIRE S Z R A FE BT, Ry SR i
AR 51 T 22 [ R B

TR X ST Z 3l 7 1) A, X SRR ny AR RS 5 el
AL RIS TR E -
&(1) ==2[8(n.2)ds=~1.A[ p. (. )= 1. Ap, (1) (3)

Hrb, pm,z) RoRPi b (n, 2) A F R,
p.(n) & XL E L A YA LR AR B %
-SSR o S

R 8 B PR BSCRI  JBE AR Z IR OC JR , FE AR 4
Tt A EEREREE 1 (x) A

@

. 1, %%
1) = By E ()= | Jexp

(4)

x

. (771 - %)2 - (772 - ﬁ)z .
M AR T(Tll)T (ﬂz)d”ﬂld”flz
2

o, 1) M AST I B X SRR, H 1, =A/R; ;
MAHRHAF, H M= (R, +R,)/R, -

TS R RSO B AR RURITAR S, 2 AR A5 (Rl e
MFHTFIRREAR s 7 XZZUIRBUE T, X ZotF1ihE
LM 10 KeV £ 100 KeV, X0 9% 1 0.124 nm
F10.012 4 nm, R,/NT 1 m, e R A3 [a) 43 PR ER N 201
p/mm, 4R, mAz’ <1 H cos(mARu* /M) =1,

MR =

2R, U

I(u)= ]{;’Z{FT[AZ(x)] ] FT[Az(x)qb(x)]} (5)
o, 1(w) g I(x) FOE LA, A(x) S X 2R IR

WOHR R, u s R . 2 XA a /DT 5
], 2 ALK 000 P LA 22




- 1052 - Hh R B2 3546

AR Al e HEL oA A R O3 R I, 2N R R
i, 2 (S) ATRAfRIfE A «

1(x) = (0) = S [ () ()] (6)
o, A(x) F7R MO , (A2 =X (6) o7 FH A FE L3
AN, FUE AR EOBIR . BRI R F v, XS4k
A T 23 2 1, DR I 5 2 X 22 6 6 A 4800 3k
FI0HT o B X SR8 S e -4 BRI A3 A, 43
A7 BREUE: w(X) o HRAEERITE 050 A e o, 0 AT 53]

Lo(x)=1,R /(R +R,) =1,,/M* (7)
Horr, 1, S MOEIEBNG T T B A 28 3 AT ) A Bl 4
A e . AR () A= (6) , mT A 215
—AbJE IS X AR R A

I{O((Xx)) ~(A(x))+ RZ;: ];4(’“)<A2A2(x)> (8)
Hrp,
JA (2, A)E,w(A)dA
(A(x))= TE o)A (9)
JAA (%, A)d (%, ) Ew(X)dA
(AL(x)d (x))= (10)

[E w(A)dA

K@), I(x) BB H IR, 5 AP NEA
KA, RS TEE A RSGES A K. E,
et TR, HME SRR, 4 R, =00}, :0(8) P
TIRRIE RN WA A, FA O, 15 2
RS X s PR IR, RO E TR
WA S FAROLAR B, ARRLRLN AN p_ () BUIE L, B4
PRAYJEERE BBGE R TR SRS R e HEAR L S
PRI, 7EAREH SR S ST Ak (A TE 2L 2RI MR B 52 5
T ) , 5T G R BN A AR Ao HE TR LU A B
BA LI PR BCR B

3 SEIGZER

A S v A A & YXLON [ B X 5828 7 4=
721 Y.Cougar R 48 o DL 24 [ BRAS HEL R 119 3 [l 2
10~160 kV, 7 3 A=l : AR K (a=1 pm) AR
K (a=2 pm) FIE TR (a>2 pm) .

A B AG S 6 e 3 2 ] 7 HRI 2 A XS 2R TR A
AR A7 B T AR RS B RS A, LR B
TEANE . BERRRAE R B IR RN 55 WSCREE Y
BRICERMBL, AW E ekt T T SRR A A
i, FE AL microfocus, B HLRREE 40 kV,
EHLTLN 40 pA L [EE R, =200000 wm , M7E R, Y
1, A5 200 AR R (E12)

a: Pure absorption image of b: Phase contrast image of
straw (R,=0, M=1) straw (R,=250 000 pm , M=2.25)

B2 WRERSE IR E AR RIA BE ALK

Fig.2 Pure absorption image and phase contrast image of straw
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b: Tube voltage of 70 kVp
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Fig.3 Comparison of X-ray spectrum and polynomial fitting distribution curve
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a: Normalized image under tube voltage of 45 kVp

b: Normalized image under tube voltage of 70 kVp

c: Subtraction image
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Fig.5 Phase contrast image and subtraction image of borosilicate glass
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