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Ring Artifacts Correction of Computerized Tomography Image
Based on Polar-Coordinate Transform
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Abstract Ring artifacts in computerized tomography (CT) images are introduced by the nonuniform response of the
detector elements and the instabities of light source, which greatly influence three-dimensional reconstruction and
quantitative analysis. A correction algorithm based on polar-coordinate transform and Fourier transform is proposed.
Through polar coordinate transform. ring artifacts are transformed to line artifacts. Then. Fourier transform is
applied to the line artifacts image. Furthermore, the frequency-domain filtering processing by a two-dimensional low-
pass filter is taken. The corrected image is got by the inverse transform process of both Fourier and coordinates.
Experiments are carried out by Matlab software, the result indicates that the proposed algorithm not only eliminates
the ring artifacts effectively, but also keeps the image edges and increases the signal-to-noise ratio (SNR). In
addition, the correction speed proves that it can be applied for batch processing.

Key words X-ray optics; ring artifacts; line artifacts; polar-coordinate transform; Fourier transform

OCIS codes 340.6720; 340.7440; 100.2000

KR EHEE: 2011-11-16; Y BIME R B HA: 2011-11-28
E&TH: HXK 973 1% (2010CB834301) I [ 5 H AR 2 H: 4> (10805071,10705020, 11105213 ,31100680) ¥t B i,
EB ' A sKER 1986, J5 . Bl 5E A, LGB 5L L BRAE Jr m iy oot .
E-mail: zhangguoqiang1986 @ sinap. ac. cn
SURRE A H AR 1966—) 55 WS 5L AR S, RN X GO0 USROG A A I 45 5 T I A 5
E-mail: tigiaoxiao@ sinap. ac. enGEEEE R A)

0534001-1



2 i

15 F

ARy TR ALZE AT (CT) B & b — Fl i WL
(9 D3 S WA E B85 TE 52 1 B T 1) B HLAR
12 CT FAR b S we oy LU a8 w0 o B0 9 ] 0
B 2y TR 1 T R IR L AN BEAE 5
FEL A0 AR R 45 45 T 1Y SR B AR T X S 4 i
Mg 107 F) AR R A 5 18T =2 1) Xof S 4 iR R W) L F) AN — B
Ph GRS LB WA B AR LRSS . T3 b O TEA
R E I AR Al 0 R A o A kA R R 2 B B
WG A . AR AR KR ERRAR T
PG o ™ RS T PR 1 e S AR B G R AR
SIS TG Ao e/ INESE (3 6 NS o o i R (S U
S 23 LR R S AR 12 BT I TE A A L DR Ut 25 BR
H R JBE MUk /D S Ao O 5 2 b EE

FAT. PR B IE T B 2R Z . Sijbers
S5 A A A A PR AT B 7 S - B AT G
YU fR Py 5 A5 RO 1) ek T R PR £ R 5 B M AR AE T R
JH- B 1) S B DA B DA R B 2 D R it 4 3
Mk | 1 Ph 5 Ak B RS MR RN OE N M
Raven " B 855 1 52 18] 47 B HCMT B o A2 4, )
PR 8 5 1 BB BR T K O 1) 4 A s R R A
SRR 2 RN Hough 78 4 43 7 o 28 4R 1E
SLEAR R B AL E L JE X AL S b R B EAT
Ak 3 s Riverst ™ 5@ i 76 7K T 77 6] °F- 3 1E 5% 18] o 25 4
8 L7 ] B ZOIR DS 5 4% PR A R X A
PBOTATAE 5 M i O AN — B4 B BRI O 5 ) ) T3
TR B9 T3 7 4R B 45 1E 7% i 200K Dh 3 AL
B EREORM S-L BB x5 £ Bl gk
Fr B R FIZ AT - HF I 22 23 b PR R Oy 3 i IE
W ER 22 57 o o 38 i A A B 0 2 A S HE X 3R B
DAL B B e AT AL IE P25 T AR IR LE

DL EAGIE D7 ¥R A — 5 BB IE ROR - (B #R A7
TE—S8 A . BT BUE IR X B AL IE J5 ik B AE i
b — 2 B A7 7 SR R AR SE S RO 5 )
SE I T 2% 2SS 1k 0 1 4 BT A A FI
J¥ TR I 1) B ) AR X 580 s T AR R Y R DR 5
B B E AN 5 e 4 T ik £ 4R D5 A B LLEURIE A
TDJES 5 W0 A8 2 4 7 5 8 4o T 30 At s 2% 9 % 4 L A
TR A PR WA AT T B o {0 208 0 45 7 2T
X 2~ A [a] 19 1 8 5 RE AN [ 18 R T D4 52 190 {0 R K Tk
1% B AE - S ELA0R G DA B (A BE ) I 350 %24
R T B AR DR IR R BRI TR

BEXT X BT 3L AN A AR SCHR T B T AR AR AR

AR — R R B E DN MR Rk . RS E
IR O B R ] B 5 SR R R RO O
SREAL NI 5 XA D32 B AR E AT 19 L e
e, BT AR I8 A% LA 2 R St Oh 52 10 e AL
G 5 5 i 38 o T 0 IR I 14 T AT R L e A e
MR AR AR A AR AR IE IS B R . AR RS
REAS AT RCPR O 3 25 BRINTE D 82 4 vy RR IO (R R L
PIRCIRL Pk A G US IR 5

2 W LRIk KR
2.1 BERXRATHRANEIRE
2.1.1 HMEFHHH P b RN R

KM Tmage-ProPlus6. 0 8 {33 (2 7 3598 O
TR BRIEME (s ) o f oy ) HOR GIROR 2
80020 AR E BRIE 52 ol C(XLY) o By s T K
3 SR IBCRIE sz b .y 1 DR B 00 B R Y B A
G HRIIE O 5B £y AT Y
PR BT IO KA A M AR A e 4B A2 R, 64 A JiE
DA e 8 2, Ay 07 AR AT Al s A 45 %) (TR 53
R R ] o 2 5T S el /N AR [ L E D[] 1 R A ]
B o FEEER f (o) P AR TTEEE SN A = Ay, AT LA
BAr = Ax, A0 = Ar/m(m = 2),
2.1.2 MAEFZHREEM

H pCr 0) Fom AR bR RS e 4 A i 1807,
BT AR AR TE BB (— RLR) . N 1a) A b S R
7/1080 ~ m, bl Ar = 1,A0 = /1080, r Jy i {H
T

rsin @ =— rsin(g+ 180°)
reos § =— rcos(9+180°)

T 46 A 3 R 180° 45 A4 T e 46 £ J3E X 360° 15 O
H T RAIE R 5 S DL IR TE O 52 vt o T AR TE B 8 B
AR R A R R AE R I e, A B e 4o L 1R 4% T
Stk

ey

x =rcos 0+ X
{ (2)

y=rsin+Y '
HE A A B e S5 3 T A AR AR I3 5 Matlab 204F HLRY
d 3 4T 47 1 R K B

{1‘ = round x

(3
y = round y

B E R AR AR AR A IR R E . 2 o A A B A
Ja BB AR R T BB O R CANEL 1 T 7R 1E R
AR A TR BN T 0 Bl A AT B 2k O 2
B 2B )

0534001-2



T BB A . TR A bR 5 5 BRI B HLZ AT R IR TE D

Sx,y)—p(6,1)

— image

|— ring artifacts

1 FIB S GR A

Fig. 1 Image with ring artifacts

image

line artifacts

r

B 2 AR M A 4 15 2
Fig. 2 Image after polar coordinate transformation
2.2 BEMHTHERERHK
N T R AL B ER pCra ) F K EE AR AL R R
FURRIE  LABA 0 2V D 50 01 BE AT U8 Dl Ak 3, 5 BEXT
pCry O HEAT Z 4R Al B AR 4 DL RS A0S F (s
) s KN MX N T pGre O W8 5 ] 2
P A AR 3R R R AR KT T 1) b A R B K A
Ak i DL R BE 5 1) T HT 2k D R 0 5 1 R
FCus o) vt PR B 0 J5E n 88 380 6 1 ol )i s 46
PP 52 G 2R B Dy AR vt SR KO T B
FETESE i IX BB 58 g 0T p Gry @) H I FE 228 AT 51
PRI DS AR RS R X vof -
Bt 4B g Ay H, R/ MOXN L T 3
Jis Horh W o e iy S0 B2 L S BB 1 i J, SR8
TP N
L2
1 —| Wl
[ |---TL

~— L1 —|

M

B3 —fERm kA H

Fig. 3 Two-dimensional low-pass filters H
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Tabel 1 Experimental platform configuration

CPU Intel i5-750

Memory KingSton DDR3 4 GB
Operation Windows 7 ultimate SP1 X64
system
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Fig. 5 Original tablet images with ring artifacts
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Fig. 6 Image through polar-coordinate transform and its spectrum image. (a) Image of tablet through polar-coordinate

trasform; (b) spectrum image
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Fig. 7 Images of tablet after correction using the

suggested method
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Fig. 8 Fossil images before and after correction. (a) Before correction; (b) after correction
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Fig. 9 Correction-effect contrast by different algorithms. (a) Before local image of tablet; (b) by adaptive smoothing noise
algorithm; (¢) low-pass frequency-domain filtering algorithm; (d) local image of fossil; (e) adaptive smoothing noise
algorithm; (f) low-pass frequency-domain filtering algorithm
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Table 2 SNR and effect contrast of ring artifacts images before and after correction

Before correction Adaptive noise processing Low pass frequency domain filtering
Fig. 9 (a) 17. 8790 Fib. (b)  20. 3469 Fig. (0 19.1052
SNR e 9(b) 5. 6692 Fig. (&)  6.7732 Fig. (D 5.9823
. Lots of ring artifacts, image Incomplete correction, unclear Complete correction, clear edge
Contrast quality is significantly influenced edge and internal details and internal details
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