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Analytic Reconstruction for Parallel Translational Computed Tomography
Based on Radon Inverse Transform
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Abstract Computed tomography (CT) has been widely applied in medical diagnosis, industrial testing, and other
fields. Recently, parallel translational computed tomography (PTCT) was proposed, in which the source and the
detector were translated in parallel and opposite directions for data collection, featuring a simple structure, flexible
applications, and low costs. In this paper, derivation-Hilbert transform-backprojection for PTCT (PTCT-DHB)
based on Radon inverse transform was proposed for image reconstruction. Compared with the conventional
algorithm of filtered backprojection for PTCT (PTCT-FBP), the proposed algorithm decomposed a ramp filter into
two steps: derivation and Hilbert transform, which improved the noise resistance. Furthermore, a PTCT
experimental system was established, and numerical simulations and practical experiments were performed. The
results show that in comparison with the PTCT-FBP algorithm, the root mean squared error value of the images
reconstructed by the PTCT-DHB algorithm is reduced by 0.0108, the peak signal-to-noise ratio value is increased by
4.437, and the structural similarity value is increased by 0. 0041. The PTCT-DHB algorithm can effectively
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suppress high-frequency noise and quickly reconstruct high-quality CT images.

Key words imaging systems; computed tomography; translational computed tomography; image reconstruction;

Radon inversion; Hilbert transform
OCIS codes 110.6960; 340.7440; 110.3010
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Fig. 4 Parallel-beam geometric model of the 1T-PTCT
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Table 1 Parameters of numerical simulations
Parameter Value
Scanning model 5T-PTCT
Sampling model Equal-angular
Number of samples per translation 100
Source to object distance D /mm 75
Source to detector distance L /mm 225
Detector array length /pixel 1000
Detector pixel size /mm 0.1

Reconstruction matrix /(pixel X pixel) 512X512

i (26)~ DA 41, PTCT-DHB 5 3 & XF 43
BRI 43 0 Ak B S AR R R . A g
iE PTCT-DHB 3k i A 47 P . X i i IR 32E 47 475
B B & B B s . JF R PTCT-DHB &
T T EAE, K8 R T I B R
8Ca) M bR FEE L, B 8 (b) AR 28 1 Bt A 4 52
s A ER, B G thag " E. K8
()~ (B AF AT 2.3 .4 B4 52 50 i a2t iy [
1% EMG 454 3% i w4 4 R D 2 k2> . B 8 (D)
SRR 5T 94 4 0 45 52 B0 d A i AR, 45
SERE M R HEES BT WA ER D R
MR JF U RS S0 0E T A SCRE I T 471

B 8 PTCT-DHB &k sl 2,

(OB TR ER ; (D FIHES 1 B 5 AR ER ;s (o ~ (e R HHET 2.3.4 B

P Bt AR G (D AT 5T 59 1 £ 32 Hlodle o i e & R

Fig. 8 Reconstruction process by PTCT-DHB algorithm. (a) Original phantom image; (b) image reconstructed from the

1% translation’s projections; (c¢)—(e) images reconstructed from the 1% —2™ 1% — 3™, and 1 —4™ translations’

projections, respectively; () final image reconstructed from 5T projections
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Fig. 9 Images reconstructed by different algorithms. (a) Original phantom image; (b)—(d) images reconstructed by

PTCT-SIRT algorithm, PTCT-FBP algorithm, and PTCT-DHB algorithm, respectively; (e)—(h) magnified images

of rectangle selected regions of Fig. (a)—(d), respectively

Ry it X LA ) AL O] 9 B AR LA
N o g EROK S Ho AT, R BGZAT N AE B A 193 ~
321 AR AV 9 v R X e B AE 3 2L % e
AR K BEAE . W 10 FToR BRI X 0K 2
BAE T F (0. 4,0. 65) , T 4 KR OK B M 2 35 0 5l
MR E ST 2k, PTCT-FBP i £k & A 8 £ 5 0 R (1)
BEEh A s 4k i PTCT-SIRT ik 5 PTCT-DHB
M2 5 hn R Z, M PTCT-DHB iy 28 %% {4 7% fk, i# 4
W W, H S PTCT-SIRT i £ #1235, 36 9
PTCT-DHB 53547 8 M JE B 1 38 3 v 4 e 75, {H A,
FEAET- i LS e B3Ny 1 vl g .

g pE— 2 B WAE M PTCT-DHB 5 %% 1) 8 2 %]
15 5 R 38 5 R R 22 (RMSE) | 1 i {5 ¥t
(PSNR) 45 kg FH L HE (SSIMD = 4H Ak 8 bk . BATHY
ARG /AW ol )

0.65
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.
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Fig. 10 Profiles along the horizontal center of images

reconstructed by different algorithms
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. max(X)
I}’SNR(X ’X) =20 '1Og10 -~ ’ (33)
IRMSE (X sX)

Cuypy +C Q2o +Cy)
(ui +p +CH 6% +oi +C
(34)

X R MXN KNI T R M5 X g M X
N KN R PR B 5 max (XD R X P i ke 2
8,6 T 4R B (96 FE 9 0, 189 P2 max (X)) {8 B
B Lspx Mg 53500 X AX A 0 2 F B0y

Flog 20 X X BARIE R 5o 1 X FTX BB
Jr22;C, M C, N E B, — B Hh, RMSE {H 8/,
PSNR {8 F1 SSIM {H i#8 K , 5 & FUR BT i dk 47
SCEEE RN 2 s, Hodp PTCT-SIRT 53k
H# R s . 0l BB PTCT-DHB & 3% A
PTCT-FBP Sk 8 # 45 . 75 AR L8 f, PTCT-
DHB 45 58 ) RMSE {H b PTCT-FBP 45 £ R L T
0.0108, Ji W] PTCT-DHB i # & 1% 76 30 {8 I 4%
VTR UG % T PTCT-DHB 45 % % PSNR 1 It
PTCT-FBP 45 B 4255 7 4. 437, 3L PTCT-DHB &
A EMR B AT TG A MR RN R = A AR A [R] E
PTCT-DHB 453y SSIM {8 [t PTCT-FBP 45 4%
&7 0.0041,$EH] PTCT-DHB T @t K4 %1k | 5
Jiln AR A T AL, R Gk F . PTCT-
DHB 5 1 & @t K& B & g i T PTCT-FBP 8 %,
H Bz P v g 4r 1) PTCT-SIRT ik,
%2 RIE B R A S AR

Table 2 Quantitative metrics of images reconstructed

ISSIM(X7X) -

by different algorithms

Item PTCT-SIRT PTCT-FBP PTCT-DHB
RMSE 0.0158 0.0270 0.0162
PSNR 36.0323 31.3681 35.8051
SSIM 0.9978 0.9936 0.9977

4.2 ELIRZEW
4.2.1 ¥ FR%%H
NT WA U BN A MM, A CHEET
PTCT S R0, 1% 7 G0 5T 26 P MR I 258 3
BHLRG WM RGN, SRR X FHL, %
5 X G 5 o ST AR I 2 L TH SR AL R G B T
B R AR 5 BRI R U R e 5 B 2R TR
G ARG AR A2 8, B 11 A SO
#E PTCT LWMAG, HAMMNEEE TG 1. M
B S S BL 360° %% oy S 42 UE R DN 4% A B 7R

- E41%5 E1H/2021 F£1 B/REER
XL, A AWM E H HLiE g,
B EHAHMS NG, B e WA g %8 — %
SyRELCEEAT T B E LM, NS 2 B L H
. LIRS R M s X SR, sk Ml 1187,
BHLE TAEE N 40~100 kV, &R TAEEE N
10~ 200 pA, F Mz B0 2% 0 & K4 T B R
1536 pixel X 1536 pixel , 2 JC/R5FH 0. 085 mm,

source object FPD

-

translation stage:

B 11 PTCT 2 R4
Fig. 11 Experimental system of PTCT
4.2.2 FEHREHRLER
AT KAE PTCT-DHB % ¥ (1) 52 br 8 #8508

ARSCHEAT T SEBR ST L X Tl B FH R L B H 48 R
fEAT PTCT F4, R B 7 B (7T HH 4l B BEOR KR
Bk 4y R 51, 43°, JRfEE A PTCT-SIRT % %,
PTCT-FBP & PTCT-DHB & i i 17 & &, H ik
SRR 3 s,

#3 LRLBBH

Table 3 Parameters of the practical experiment

Parameter Value

7T-PTCT
Equal-spatial

Scanning model

Sampling model

Number of samples per translation 100
Source to object distance D /mm 80. 3
Source to detector distance L /mm 259.6
Detector array length /pixel 1536
Detector pixel size /mm 0. 085

Reconstruction matrix /(pixel X pixel) 512X512

Number of iterations 500

Tube voltage /kV 100

Tube current /pA 83

PTCT-SIRT % #.PTCT-FBP % ., PTCT-
DHB 53 5 # A 7] 4 34 53. 097.,0. 826.,0. 846 s,
AN PTCT-DHB 5836 A 52 b i v [m] 4 2 AT 1 e
(A, SCBR L AL RN 12 s, Hop
B 12 (a) ~ () 43 %) A PTCT-SIRT % 3% . PTCT-
FBP 535 .PTCT-DHB 5.3k & # FR, B 12(d ~
(D435 12 (a) ~ (o) HE 2 X 38 i K . % e
12(a) . (o) K 12(d) (DA AL, PTCT-DHB 5% #
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F41%E F1H/2021 £1 B/RFZFR

A RMR G40 50 B L 00 5% 0 T, o0 F 2 B A AT L, L
A P AR 4 O M S ) PR BB AR AP 1Y PTCT-
SIRT £ RS . H T 75 3 g i fa] KK, X L
Bl 12(b) Kl 12 (o) XK 12 Ced B 12 (D) 1] H1,

PTCT-FBP 5k d g 4 b & A7 B 5 1 v A1 e 75
PTCT-DHB 57k 5 # EUER W 0 W] B A8 Tl Ha 48
AR ER AN R E B R T WA RE T A4
) S A 15 15 B

B 12 AR REREEG . (0 PTCT-SIRT Hi%; (b PTCT-FBP 3% ; (o) PTCT-DHB 5% ;
(d) ~ (D XF R (a) ~ (o) HE BE X Ik K F
Fig. 12 Images reconstructed by different algorithms. (a) PTCT-SIRT algorithm; (b) PTCT-FBP algorithm;

(¢) PTCT-DHB algorithm; (d)—(f) magnified images of rectangle selected regions of Fig. (a)—(c), respectively

g E PR, Al F PTCT-SIRT 3% 15 %,
PTCT-DHB 55 ¥ 0l DL 78 55 4 19 0F 8] P 3k 2 5
PTCT-SIRT Bik#ir p E @M AL, 5 PTCT-FBP
S L, PTCT-DHB 53k G 07 A3 R0 10 i =5 591 15t
AR [R B AT R 2 O W A O A Y S B0
PG 1 i PR 32 A 6 5 I

1) PTCT-FBP 53 (% 8 I #% S 42 1% 1 AR 3 0
P IE 2, BE R WA AL L s K v 400 17T PRI AR 1% 4 7 R g
7 () B L 3 AR v A e A P AR S DR Uk A% AE IR B
P A0 5 1 ] B R T e AR i AE PTCT-
DHB B b, S 5 (5L 09 B e 52 8L ok 5 iz
B dR (e, 3, /de, 38 N5 1M 25385 R (e, s
B.)—R (e, B, HH RN H [exp(jw) =
I—exp(—jw), BB MEHFEEME 13 xR, 5
PTCT-FBP 5 % ) £ 1 A 3 08 0 28 [ w | M B
1—exp(—jw) TEAR A B 3 Bl 2 P ik K 1T B o A 2%
ThwE. M T Jw | gk 2R R RE & MR R, 1 —
exp(—jw) WX g M 43 5 #EAT 1 AH X AR, 1 A 2R
A RS B ALK S MO AT 90 MR Bl A 2 B AR i
HK/N JG M 2508 35 A RO R B e 28 5 T ok e
Xof e A M P ) — 2 A R A

2) ¥ F &S K PTCT-FBP &%, i T 8 I 2%
(A7 B8 A AT RE A T B 1Y, 2 il B o ok 50K 2 i Ak

WEUE P A N . T B JE R PTCT /9 JLAA) 56 & 3 3L
AREIUE A B UG pR RO A A — T A R
T il A BB B SR ATE 20 F 1%  1 AA pR
BOPAR I o TN B AR A AE L RHE B A AU
N R AR L I S g 2 B Y S U A7 A
DA 19 A2 2 3 AT A PR A 35 50 10 23 B R A AR R
AT SR R R AR A3 A R S A AR AN
AR AL R BEAT I B R 3 D e A s BB Y 5 IR
e o DU G b [ R, DT {0 74 A AR R

IHI
lwl

1-exp(-jw)

w

& 13 SRFB 55 5 0] 25 43 32 5 00 R AR
Fig. 13 Amplitude-frequency characteristics of

derivation operation and backward difference operation
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