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Review of the Effect of Computed Tomography Projection Sampling Strategy on
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Abstract: Computed tomography (CT) is an imaging technique which produces cross sectional map of object from its projections.
Image reconstruction algorithms require collection of projections covering the whole measurement range. Incomplete projection is still a
hot research topic. This paper reviews the relationship between projection data and image reconstruction in computed tomography, and
summarizes the effect of computed tomography on reconstruction quality. For the incomplete projection data acquired by different
sampling strategies, the iterative algorithm is used to reconstruct the projection data. The effects of different data structures on the
reconstructed image quality under uniform sampling and non-uniform sampling are studied, and the results are compared and analyzed.
Meanwhile, the reasons of the reconstruction quality of the pros and cons are discussed in conjunction with the projection data distribution
with different strategies. This paper provides a comprehensive sampling method for researchers in the field of CT reconstruction, and
offers some ideas for the improvement of the corresponding algorithm for incomplete projection data. Furthermore, it also points out
current focus of the study and research direction in future.
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Fig.2 Sampling projection and integration
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Fig.3 CT projection sampling, reconstruction flow chart
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Fig.5 Projection data acquisition in the range of [0,180°] under circular locus
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Fig.6 The projection information distribution of phantom and disc. (a)~(e) are the porous disc for modle 1,2,3,4,5
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Fig.7 Reconstructed results under the sparse sampling strategy
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Fig.7 Reconstructed results under the sparse sampling strategy (Continued)
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Fig.8 The gray-scale distributions of reconstructed images along the AB line
for the uniform and non-uniformly sampled disc
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Fig.9 Comparison of reconstructed results between uniform and non-uniform sampling. (a)~(c) Different number

of uniform and non-uniform sampling reconstruction, al~a3 for the uniform sampling of 90 reconstruction results;
b1~b3 for the non-uniform sampling 120 reconstruction results;

cl~c3 for the non-uniform sampling 150 reconstruction results
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Fig.10 Comparison of uniform and non-uniform projection reconstruction results
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Fig.11 Parity projection data sampling in the range of [0,360°] under circular trajectory
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Fig.12 Reconstructed results with odd and even sampling angles
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Fig.13 Comparison of reconstruction quality of different sparse sampling. (a)~(c) are the gray-scale distributions
of reconstructed images of the even and odd samples disc along the CD line, respectively;
(d)~(f) are gray distribution of phantom head along EF line
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Table 1 Comparison of image quality values
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iy 8B R AT IR R A
B 60 30 10 59 29 9
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MSE 617.95 5321.1 20 664 418.81 52954 18 609
PSNR 20.2212 14473 6 4,978 6 219106 15.891 8 54335
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NMSD 0.061 7 0.189 6 0.357 0 0.050 8 0.1807 0.338 7
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P B 7 8 SR AR T8 B SRR . b FL SRR A (A X FR P TT 40,[0,360°078 Y I 2N(N=1,2,3,.. JIERAELE ol 180+«
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Fig.14 Comparison of odd-even projection reconstruction results
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Fig.15 Segmented continuous sampling
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JE AR B A sinogram IS, b, & 16(a)~ & 16(d) 23 BN 2% 2 dr gt 14858 4.

Table 2 Continuous sampling strategy setting
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Fig.16 The distribution of simulation projection
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Fig.17 Reconstructed images with successive sampling projections

K17 2 BOESCRH S ERZRR

© TEBREEEEIEDT  htp/ www. jos. org. cn



Mgk . CT RYRM RN TRAREY MEL 2145

Bl 17(@)~B 17(d)53 4 T i AL IEBC RS R4 B AR ) R 17(a)~B 17(a4). B 17(b1)~FE]
17(b4) 53 A% Ri 28 80 SR FNEE 140 2 AN A 4 B SN s I 8 g 25 3L I 17(c )~ 17(c4) B 17(d D)~ 17(d4)
o3 KRG IS 95 EAIES 130 )2 AN [A) 43 B U2 1 B g 5 S vl LA 30,38 50 o BOBE S 4% g g 45 b (i
17(al)~El 17(d1). B 17(a2)~B 17(d2)r7x), Bk 25 ) E R /AE LT 5 2 BR O s B0b Bk i FERL 2 1 O N D s
B2, HAC G R AL B Dy 5 7™ 5 R0 B 45 i M 22 AR 5] ) BOE S B @ 45 b (&l 17(a3)~K1 17(d3). K
17(ad)~B 17(d)Fi7R), [RIRE L35 B 2R A B O 5% 7% 2 T 25 50 80 28, HLAR S R M 22 18 O I Joit Rl 22

IR Gy Bt SR R SRR S L R 4l S TE SRR IR A B U O S A 2 R S B (LR SR A R 2
KPR S I, B g A R 2% R TR R A B A TG PR, 1% A A B (K 24 oK 55, A R A R AR A
{14 S5 22 S M2 BIDSRAE S B8 P 0t S A3 4 e R 7 A 3R A 5 T/ DR R 5 e i Ao, o 7 SRR .

2.4 BRI

19 AR BV A B AR B0 o 2 S 10 IX Ul gt A o e PR B TR A 2k ARV o B o IR B 1A, R L ik
AR S BV U1 S R A A 2 D R 2L, FN TSI AR AT 25 4 5 AR A B R AR A G i ) b SR AN [ SR Y
PR SRAT: SIS T SR AT (R4 A5 BB IR A BEVERE AT B, 19 3 1 AN IR o & 1) 2 IR,

B 7 B9 P g 25 S A XY 5 KA 1) i g 4l R i R A R I, 3 50 SRR i A R L RS S R AR I
A RIFR 2, B R IL G RO BT . b $558 HHE 1) 0 10 7 2RI 615 38 10 450 50 2808 e 5050 A 8 s Al 190 0
FI T ) AT 5,156 8 B0 DR T I A3 4 R 3R AT SO0 AR I AR B I @ P RO T R AR . 4%
5 7P 51 S5 DR 3R R, HLAS 58 4 43S B0 Pl i 2K 1) i K ] R A58 SR AR 43 30 0 6 A D o 2L v B2 R IR IR s SR T 4L
S AR R P T EL D RE UK.

I3 BT AN B R I AR S R b R S 2 5 B 8 R 3 A A R R S 2 1) EE 8 R 3 TR (R OC R T BAEH —
RONENETT AR, Bl 18 s 3 T

O X+ DXy + DX ot O X, =Py
@y X + Oy Xy + Dy Xy + oo+ Dy Xy = Py
W3 X+ WXy + O X+ O X = Py (11)

O Xy + Wy Xy + O3 X3+ + Oy X, = Py

TS RAEE P BOY S AR T IBUR L wy; DU 5 PR SRR S K R AR L, B DU AT A BE T 4 45
L8 TR BTN L FR) 7 REARE AR 5C A S B R/ B T A AT S SRR S AR R I A OGRE B, an B 18 B X 1 3 S0 R
R, KA AL B W H 10 2 28 15 1 3 BB 0 AL, T X T AR 8 53R R0 A AR SR R Vi [ P L B R SR B
B RAEBOR,FEAG 2 50 RAE SRS T K25 SIS M S A B8 S SR APE SR A 453 AR SR AR R 5 HL A AR R 9 R K
R 2, T A 22 50 SR SRS T, ) 0 S 2 T R TR A A SRR B 1 IR R I O M B R A R AR R R I R ) TR L B
ALY BRR AL SRR (A RO O 2 2R, S MR 3K 2 ) 56 2 A I8 b AR 2 ST S N I U AR B R
UG R AT AE M LR, H N K FE 73 AT A 2]

BEAS S 1L R AT B e IS AU 10 SE AR S 0] 45 E ) SO B R TS T RE AL IR NN T T AR 4
SERIIG PG A THE X T 2 AF T s B BI5E 1 AN R TR R A 1 10,49 3 X, ot x (D350 3156 2 T 1l
33 O, LLIL S HE, DK xCVIR B 5 1 AN BB R (R P I A 3 xO, 2 AT B A3 8] XY, 19
s Rk R

N
P~ X(k_l)win]
>
N
2w

n=

Wy, j=12,.,N (12)

© PEBEBPHIFST  hip:/www, jos. org. cn



2146 Journal of Software %% 4% Vol.29, No.7, July 2018

P

P
N\ Wik

N

& b

X1 Yo
X | x I
Fig.18 The intersection of ray and reconstruction voxel Fig.19 Projection plane diagram
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Fig.20 Solution of equation solution with two variables
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Fig.21 Correlation of different sampling types
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