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Limited-Angle Computed Tomography Reconstruction Based on Mojette
Minimal Redundancy Coverage in Frequency Domain

Jiang Min, Qu Zhiping, Sun Yi”

School of Information and Communication Engineering, Dalian University of Technology , Dalian, Liaoning 116024, China

Abstract Based on the properties of Mojette projection transform in spatial and frequency domains, we propose a
limited-angle computed tomography (CT) reconstruction algorithm with minimum redundancy coverage in the
frequency domain. The minimum redundant coverage corresponds to the minimum spatial projection sampling (i.
e., the reconstructed image has minimum number of projections with maximum efficiency). The equivalent
relationship of the Mojette projection data in its frequency domain is determined. The limited-angle CT image

reconstruction can be achieved by compressing the projections into a limited angular range. Experimental results

Vol. 39, No. 7

show that high-quality reconstructed images can be obtained by using the proposed algorithm.
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Fig. 1 Fourier slice theorem. (a) Projection R(s,f) when angle between projection direction and horizontal direction is 0;
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Fig. 2 Discrete Fourier slice theorem. (a) Discrete Radon projection data in different angles; (b) projection of

one-dimensional Fourier transform of discrete Radon projection data in Fourier domain
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Table 1 Difference between Radon transform and Mojette transform

Transform method Radon transform

Mojette transform

Fixed detector resolution

Fixed angular stepping
Difference

Detector resolution varies with projection vectors

Variable angular stepping

Accurate reconstruction in continuous domain,

Accurate reconstruction in discrete domain

approximate reconstruction in discrete domain
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Table 2 Angular ranges of ten equivalent projections

Angular range of 172.38°

(16-order sets of Mojette projections)

Equivalent angular range of 104.25°

(16-order sets of Mojette projections)

Equivalent angular range of 31.42°

(48-order sets of Mojette projections)

Equivalent projection Equivalent projection Equivalent projection Equivalent projection

Angle /(*)

Projection vector

vector angle /(*) vector angle /(*)
11, 5.19 9,11 50.71 (1,3) 71.57
(15,1 3.81 9,7 37.88 (3,13) 77.01
(11,5 24.43 (7,9 52.13 (7.41) 80.31
9,7 37.87 (5,11 65.56 (5,43) 83.37
(1,15) 86.19 (1,15) 86.19 (1,47) 88.78
(—1,15) 93.81 (—1,15) 93.81 (—1.,47) 91.22
(—=5,1D 114.44 (—3,13) 103.00 (—1,15) 93.81
(—=9,7 142.13 (—5.,1D 114.45 (—5,43) 96.63
(—13,3) 167.01 (—7.9 127.88 (—7,41D) 99.69
(—15,1D 176.19 (—9.,7) 142.13 (—3,13) 102.99

0711001-7



AP A TR 46 A0 B [ 423 FF 24 AT
e Y] F T 240 A B B o B A Pk vk — A V) B S R R
BB — YOI N AR B A IR IR . B A
(Al V1R b0 B4 2L 5 i /N U A% M B i TR 00 B e
T 5 U0 A X I R R H L e b . Pk )
Jr B SRCH B 22 B BP9 D) R BE B A3t B AT
FERZ S B S B N KN B s s ] BT
DI 8 H e b

25 L ik g Mojette 72 #Ks K8 45 B WLt
FIBLEE S AR WU 4 20 L 75 2 2 )
P Al BB SR FH X o R TR AR L AT 1 A
LG TR E B UL R A LSS B RGO i
ANTURB S NTITB E 1 R i i i B R i
& IFL BB RS H R O T s B
4 SR A JEE 9 FBLL Xt T e AL B8 K d 4 L T L3 R
(12) T34 B3 O 1 1 25 800 B2 R T RE e 10 4%
R A AR SR A B R — o JEE RS A PR A BE L A

4 FETF Mojette HisEl A PR A CT &

HRE

Mojette 48 4 J& — Fft 55z /N JC 4 R K 1Y 85 L
Radon ZE e , 75 15 i PR 3ol 2 40 31 4585 3 00y ot A v
A DL Sk R R Oy ), [ B 3l R 3 W R
B BLAh R BB BB R e BERT T, Mojette 2
S AR BLI D) R 40 A FE B AR AR R TR A A
AT E A, TR SR E RS, HE B
Mojette 4% 5 B A 3k 5 2 P15 L AR S R
JH A fige e A5 25 T 285 Tia) R0 Sy =5 17 e L I 306 A 4
7T 2 IO FH DA 15 AN S8 A I8 T Ik 24 5 1) s 4 S
(CS) B, FFH 4 503 15 8 o¢ nl B % o
T3S A A BR F BE R B9 Mojette 8 8 &, 25 T
W, R IE T Mojette I A R /A CT & @A
MM .

D M K B Mojette # K w4 Fi £ KR
HA R T m AR ECE B R K OBR B R
MMBHEZ, Q)P R BRSO R .

2) K13 Mojette $3 5% B4 Y M50 45 M B A 4

3) M Mojette Sl i /NTUAR B 35 7 5 4 K
B85 5t AR % R 3.4 Y TR ik R AT A ik L 45 B
B R e, o B 35 U AR /MY T
BT T B A B D

O XFEERE(p.q) F7R 3.3 T ik
FRE—HBH (. [ (Cn+ 1D (p.g)y ) BN
(48] R BE A LA ] A 450 A 15 L L X 2B 52 1T L) B

5) A T W/INES Blorb ORAE AR R Y 3 L 4 R D TR
4) W 55 SR G A A5 e 5 S Y B L B R e AR
SATEA R A EEE A,

6) I {8 B 1 2R 00 40 R N AR R A R
O R A PR AR N B 355 B e S B A
3L A A H 4 BT v S — SO ) 2 SR, E A R
K228 5 1n) 3 7 ik Ak oK i

minTVC) Al wfll +u =1, 07,

(13)
Kb 1 o4 S8 R B A A JE R 4 X {E
ZHs R EAR TV o ) g BAR 73 IE W 5
Dy R T 2 T S, X HEL SR /0N 18 AR A R B R gk
F; Rl o A Bk 5 e s T, AR B L 3R R %
FEMERY AT . R4 RO R > TR A R R
I P9 e L O R R S L 5 T2 T Mojette J
AR CT HE,

AR SO SR 114 £ JBE R B AR T ) 1 ek
MR e /N TUAR 8 i 7 58 Bk B I 4 32 Ok B 4 L g
oA RO A BB H s IR R A e B R AL
FUAT BRA BV FR P DT 0l /) 2 3 SR A BE Y T
FAEA BRABEREIN CT BRI E .

5 LA R Ko

JIr B Bk MO A s LA B e /N T A B 5 A
PRUEPRIE Y] R, F T Mojette M358 1 BT Hs 45 %5 3 o
4 A S LR A A el RO A TR,y S
B AR B UE T IR /N U AT 3 5 S A R
PP Sk R AR RE . AL R BT HR 5 1k 5 A S
TR A FR A CT E A 5005 AR 5 AR i 5 ik
(SART)#EAT T LE , Uk BRI B 2 530 0 T LA 3R 15
1 1) 4G

Y T A BR800 B i PR O
TSR AT PR R AR RE . O T R T
F4 o (e B0 4 S5 0 B AT R A T N L X S R Y
AR (pag) M 3.3 5P| — 4 £
{1 Cnt+D(p.g)n) > BMIZET EEZH

AR AR SERRAE LS L, St
Bl R X FEER AT 64 pixel X 64 pixel 94
5,64 Br Mojette 2 R Fo BRI 2 LAEOR,
R B 41 B SR R L SE A 64 B Mojette #ER2R
AR F o, B RO 1 — 2 A L o R o e S ) R
WAL 48 AR S f /N DU A B o 7 PR 8T i

0711001-8



% {5

5 X BB AR ) b 3 AT AE L0, m JYE N 5 H B 4
ANy AR A5 Sk B — A E AR (p ) |
(Cnt+D (g BEIBEERE . p H
IEBOE K BV A B 0 = arctan (q/p) 43 Fi 1E
L0y m/2]8% (/2 me J3 LN S S 8 400 J5 1) £ B 91 6]
BN X 87 B 43 5 G5B B 90° e I 1 £ BE
b B A AR 82,767, 97. 24° 14 BR £ BE L FL N
B R B AR BT B85 HHE 1Y — 2 1L e A 4

®
K6 BT IE R B AR

Fig. 6 Reconstruction results of proposed algorithm. (a)-(d) Original images; (e)-(h) two-dimensional frequency domain
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Table 3 Comparison of scanning parameters for several algorithms

Algorithm Proposed algorithm

Literature [ 14 ] SART

Figs. 6(c) (g) (k)

Reconstruction results
Angular range [86.37°,94.01°]

Number of projections 18

Figs. 6(b) (D (D Figs. 6(d) (h) (D

[0°,10%] [86.37°,94.01°]

384 18
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Fig. 7 Comparison of reconstruction results of several algorithms. (a) (e) (i) Original images; (b) (f)(j) reconstruction

results in Ref. [14]; (¢)(g) (k) reconstruction results of proposed algorithm; (d) (h) (1) reconstruction results of

SART algorithm
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Fig. 8 Image gray values in 28-th row of images in horizontal directions. (a) Image gray value in 1st row of Fig. 7;

(b) image gray value in 2nd row of Fig. 7; (c¢) image gray value in 3rd row of Fig. 7
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