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Reconstruction Algorithm of Fan-Beam Helical X-Ray
Computer Tomography Based on Grating Imaging
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Abstract X-ray phase contrast imaging is of high sensitivity, with which the internal structure of light elements can be
observed. It shows the promising application prospects in many fields such as medicine, biology and material science, etc.
Grating imaging successfully used the incoherent source, which brought us into a new epoch of incoherent source phase
contrast imaging. A new phase-contrast CT method is developed by introducing the helical scanning into the field of phase-
contrast imaging. By analyzing the feature of incoherent source in helical trajectory, a fan-beam helical phase contrast
extracting method is presented and by referring to Hilbert's filtered backprojection reconstruction algorithm, the fan beam
helical phase-contrast imaging CT reconstruction algorithm based on grating imaging is proposed. Phase information is
reconstructed directly by the refraction projection according to the proposed algorithm computer simulations and performance
analysis demonstrate the efficiency of the proposed method.
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Fig. 1 Illustration of right half imaging. (a) relative displacement of the image of phase grating with analyzing grating;

(b) displacement curve
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Fig. 2 Tlustration of parallel beam scanning
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Fig. 3 TIllustration of fan-beam X-ray on grating
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Fig. 4 Tllustration of fan beam conjugated scanning
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Fig. 5 Illustration of helical fan beam scanning
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Fig. 6 Illustration of fan beam scanning



2 3 OB ETOUHMHAR SR AR CT R % 425

BBy MBS AR
x, — 7= Lsin(y — 9", (17
rcos(f—¢) = Lsin 7, (18)

AP LJE X R R B 4 3 A o A B o S
MBS LA BE RS . A LA B S O R R U8 D
i RS

h(x, — 2y =h[Lsin(y —y)] = J[—qsgmﬂexpuzanan<y——yvjdp::

(y—9)
Lsin(y — }//)7‘

HPAT
A 85 A B RO CT T 724 54

| T iseng Jexplizng (=7 1dg’ =

MR HIARL — B 8015 0, (209 TR R — B AR 0.(y @) B, FRKE 19O (16)

_‘T[}/m
_1 roy Y=Y /48 —
8(1,3/) 47.(! J 0[('}’ ’B> LSil’l('}’*')’”)h(y Y ) ‘ J ‘ d'}’ dﬁ
7ym
LT (="
1 /” Y= 4 R4
4JJ6‘(7 N Lsin(y—y”)h(y ¥ ) Dcos v dy dp, 20
()7ym
‘ ax'i/ay" a'l/a s R B R D S X5 2 IR B ke Bl B 0B )
A [T = 7B Deos ki N PRS2
ag/ay"  3"/Ip Je R RS (B2 ) BT S SR h () S UE B R

B h(y) = 1/xny.
3.2 MERBEREEMCTEEZEZE

MR 45 ff1 b o CT H gl 58 1 A R i CT &
MR Z R R 2 L A A bR BN R T 45 18
E AT DAAS 3 B B AR A 7 CT BB i A

2n m
5(ary.) ::E%J‘%fdﬁjiﬁh(ﬁyy,an/h) x
0 “m

(70 - '}/,) o
LonGrn—7) y,,)h(}/ v") Dcos ydy, 2D

K 0,87 2mz/h) B (15) K45 L L J2 I 4 U5 31 1

4 fiELE

H1 T S 56 A% AR R BR . BT TG ik U S bR A
SR . B RIBOR I A R IE A . R
F Shepp-Logan #5842y ff 5 #4441 7 2, 1540
TR RH 40 mm X 40 mm X 20 mm [ = 4 ¥ 44,
T S LS A W Z AR — 3, HaxX R Oy
AR E AR S AR I B 7 () R iR
AT 7 1) e PR T A0 O R T 3 i L 7 () s (o) B

K7 FREEYIR, (a)3-D R (b) ZOR i ; (o) 7 R i

Fig. 7 Objects to be reconstructed. (a) 3-D plantom; (b) sagittal plane image; (c¢) coronal plane image
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Fig. 8 (a) Original image; (b) reconstruction results

of helical CT image
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