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Low-Dose Lung CT Image Denoising Using Joint Structural Dictionary

DAI Xiao-ting, GONG Jing,NIE Sheng-dong
(School of Medical Instrument and Food Engineering , University of Shanghai for Science and Technology ,Shanghai 200093 , China)

Abstract: Noise and streak artifacts are serious in low-dose CT (LDCT) images of lung,especially for the top and
bottom layers. To improve the quality of LDCT sequential images, we proposed a method to remove noise and streak artifacts
by using a joint structural dictionary. Firstly,according to the gray-scale features of lung CT image,we divided high resolu-
tion CT (HRCT) images into four groups, and obtained four dictionaries for each group by dictionary training. Secondly,
computed the information entropy and the histogram of oriented gradient (HOG) of each dictionary atom. And then obtained
the structure dictionary of corresponding group by feature clustering. Finally, the joint structural dictionary can be obtained by
combining these four structure dictionaries. On the basis of non-local mean filtering for LDCT images, the joint structural
dictionary is used as a global dictionary to get the denoised image by sparse representation and reconstruction. In order to
validate the effectiveness of the proposed method,simulated and clinical LDCT data are used. Compared with reported meth-
ods (KSVD,AS-LNLM and BF-MCA) ,our method performed better in denoising, streak artifact-removing and details-pre-
serving for the whole LDCT scans, especially for the top and bottom layers. The proposed algorithm can significantly im-
prove the quality of lung LDCT images.
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RF LA ] — A5 T SR B 1 A0 ) AR 2 7)o 1 2590
IR PR b IFBCHE o AT, Mk LLAE 52 Bk o 45 DA
FH. 1M Ha S 250 Xu W 2517 D) S 50 2 57 i 3 s o 5
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SRR, XTI S A5 12 25 A 10k it T ARG R R 1
b PRACR A
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3.2 MIEHWEKEFHR

AR ) B HRCT AR M8 75 O 52 7K P AH X 45
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th BT ARINE S B ARG b TS SR, B
AL ST SCR BRI 77 R BRI BT B A
e LBRIRAE SR A5 0 5, 6 177 75 A 5 45 4
JiF Y 548 7 .

TR B BGERE S (5 A AR — M ER
P WERIE 2 v S R DR I 78 KR 5 B2 I |
SR 5 MRS AL, I B B 2%, B
ARG R TER LS B2 B, 20RO B
SERIY T TAVREAE. B0, A SGE A 20 (Information En-
tropy ) A5 [a] £ B . J7 K] ( Histogram of Oriented Gradient,
HOG) PIMRHIER HEA 75 L1 1 70 2. 73 28R K-21E
Rk MRAR I J7 2R A AR 1A BT T 2R e i i
R A2 A SR B A - e, AN 3 . IR 4 4
ST IS TR REDLHES ), 75 B — S RAEGES CT BE(E
BIESHEAFIL D, B 4 BIR T 45H85 74 D, Fif
FARG /R GTERAEATE 2 BHNAMR BN FI D, ,
LU A5 a7l D, rpad & R R B Ll D,

&, HAA RS 1) Ji B g osi .
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4(a) ) ER—DRJRmTF I, AT Mg s S B AL B 5K
(1) )5 D 58 , SR ABEL ar, 1 0] R 00 9 2 1Ay 5]
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TR RRAGE AR AR b 0 T A B
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i5-3470 CPU @ 3.20GHz; N 1% (RAM) & 8. 00GB; & 4t
Ay 64 fif Winows 10 24 R 4t ; % #2 T H. Oy Matlab
R2014a. 7SS 560KE F 21 P 1 15 8080 -

(1) i B8 5 77 £ HRCT [R5 DA I 38 Tl il s 5 e
RAERY 10 AN ARG R B, T2 55 11 4 2L
LDCT #5255 By SIEMENS 16 HEZ5E CT il #8434 7
AT, GBS F- 25 2y 500 5K, o Jili 38 14148 34 oy
380 g REEN 1.2, 4250 Tmm 48 HU 2 120KV,
B H TR ILE N 240 ~350mA , EH 7 FBP,,.

(2) BRG] & CT PR« DA 35 [ [ 52 il s i
#8565 ( National Lung Screening Trial , NLST) 44 J% ( ht-
tps://biometry. nci. nih. gov/cdas/nlst/) $k3E 10 4H IifE IR
Bal . PREEARUE QT R ECE F- 4 0 150 5K, 8RB
L5, F45)2 )8R 2. Smm 48 /TRy 120KV, 48 H i v ]
740 ~80mA , EE TN FBP,,.

4.2 LDCT =518

BT N R 22 A I T A ] — B[] Be oy [) B 422 52
o R RR A Y CT K2, ir A LDCT BG4 HL G 25 Bl
Z XIS AR G AN (B {5 W L (Peak Signal to
Noise Ratio, PSNR) | 2544 {8 ( Structural Similarity In-
dex, SSIM) &8 HI () FE M PEREIE MM Te in X B T 25 %
TN 2, Ko 2% B PRAR Y & o R o T Rk
22 RIR BSR4 0] 8L, W 5 v >R FHASE DL 52 56, ) P 3% 5
) CT EGARTS 5 ZX5 W #) LDCT B4, I 4 %3l
R CT BBAE 2% EIHR.

ARSCE i LDCT #5545 52 56 %61 965 77 il Bk 1 e >R 46
(14 10 A9 A1 Jili 3538 38 79 5t HRCT R4 T Ak 3, 15
F) 5 ZAHXS R 9 LDCT A48 IEE, o J5 22 A 8L LDCT
o M 2 0 AR % TG TR AL LA 1 M 7 %y s A
RIS BESCHR[ 25,26 ], 1 564 HRCT #1438 1 Fan-Beam
A, I G AR B BN F 52 10, SR 5 FE R UM MR )5 , 7
A 8 [ 21 PR 402 LA S N R I AR Oy

Q,(g)p(d) ) (6)
Qu(g)p(d)exp( -A,) +G;
Hop A RREFREG AR He g 1, Q, IUEA S
TR p (d) IRFAR IS d P (7 B 1 e R8I 2%, G,
R = B AL 7

SO R E S 1B SO T EROk B A R K
-, 8 5 2 LDCT B4 S2 50 45 4L, #5400 LDCT &R i
5 Q0 BUIEAASE, Qo AR /)N , A48 4G r 1 I 75 1 £
SO SO, X Y S,

TE ] PSNR (SSIM Fl Q00 25 55 3 A48 45 % L 5
GERIEAT R UTEM. Hith, PSNR 2 BIHL T b B 1
(2 IRAE A, FH A o R 1 O TR B 1 A R D) 2 T
/)N s SSIM 2 NS JBE L XF BE BE L 465 48 = AN 07 T SR DA PG
gk PG 2 TR Ao AR AL BB, 1808 A DO A L 7 v 5 i 2
PR LT B0 1) 2508, T i 2 ok R T A% 3 {5
S 2E R (AN NE B RN R 1
PN LSS v LUE H, PSNR | SSIM Fl 22 55 = 1~ 48
i AT IO UG 5t T R AR

Asimulute = 10g

(a) HRCTJR 1%

(c) 0,=3.0x10° (d) 0,;=3.0x10°

K5 AEASDETFEQ KT T ILDCT MG SE 0 25

R1 FARNSEFE Q) /kF TH LDCT B EREINENER

/\Ed‘ vl 4 4 S 4 6
TR0, 1.5 x10%|3.0 x10"|7.5 x10" |3.0 x10° {9.0 x 10" |3.0 x 10

PSNR 13.901 | 17.796 | 18.919 | 22.306 | 23.964 | 25.615
SSIM 0513 0.338 | 0.460 | 0.482 | 0.535 | 0.608
% 0.644 | 0.571 | 0.501 | 0.465 | 0.340 | 0.236

5 XWEHER

ShBAIE AR SCAE I A S, 8RRS04 2
Jifid LDCT £ di ok 47 5256, 35 H & H i pEgE L 0h
ME RPN . X B A ML F 3 F: (1) KS-
VD T 2 Y 7 R R 3 L SCrp (i LDCT
BIMG B BRI 2R, IR IS 9 KSVD it
FTREME 5 (2) AS-LNLM'" | 15 S fili i SWT 28 #ef5 LDCT

BRI T— B /D o0 it , 438 0 = O 1) 1) 8 491 2
PEATARRAEY /L, SR 5 G ISWT #E47 EHR EAY, fieJe
A 285d LNLM 3035 S0 B R B A D 5 25 B 5 (3) BE-
MCA™™ ¥ 5fg R I B 28 B KR PR A3 o 1es SRR A
PIER Y, SR P T MCA B33k %) v 0301 P kA5 03 1
FHEN 431 P B 3l B2, e 9 AEROER 3 e, 4% 3
WM 25 D2 i 1) B 1.
5.1 LRSHRE

AT AL S BB E R 2 PR, &
TR 1 I, BT S0 R R BT 2 Q) = 3.0 x 107
AR 1R,

IR UL A RE AR R R i B 16 x 16 (N, =
256) , FIICRIE R =4, A3 8] 19 7 4347 16 x 16
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x4 (N, =1024) 5T iter J R QKK o R KT
A THE, C MR R 45, A ARSI HOR B, T, o i
PRI 7E BF-MCA 535 P w S NGAIEBI B 1R/
o Hl oy 53 53137 BB 5 i A LAw] B 85 0 8 (L ) s v
725 Nyoo T 004 BE AR T I 4E 85 ny oy oy, 2 HOG
FRIETH 192 80, 23 90 0 - B4 DX 8] AP 20 5T 9
B0 0BT R PR AR R S B R IR R T
(4 EL5 EEAE NG B R 72N EAh, fE AS-LNLM
Sk NS P 5 Hare /NI, S0 S22 S =
2, K AR Y BUAR KL, ine NYHUP K, b N AR
B,n AN 235305 LNLM f VETC 1 FI8 28 8 K/ 7EA
SO AL 9 2808 IR L
K2 EMEENIBSHE

Ak | B LDCT LS80k ® | IR LDCT LIS 50
N'):256,R:4,N(,:1024, NP:ZSG,R:4,N‘1:1024,
iter=15,0=35,C=1.15, |iter=15,0 =30,C =1. 15

KSVD 1 ’ ’ ’ I ’ ’
A=0.15,T, =10 A=0.12,T, =8
BF: BF:
W=57[0'1’0'21=[370~ WZS,[01’021=[3,0-
2]; 1];

MCA . MCA .
BF-MCA |N, =256 ,R=4 N, =1024,|N =256 ,R=4,N, =1024,
iter =100, A =0. 15,7, = |iter =100, A =0. 15, T, =
10,k =5 10,k =5
Npoc =81,n;,=3,ny =3, | Nyoe =81,n, =3,ny =3,
s =9 Mg =9
S=2,K=50,iter=10, §=2,K=50,iter =10,
AS-LNLM |inc=0.05,h =30, inc=0.05,h =20,n =7 x
n=7x7,N=81x81 7,N =81 x81
Ak R TR (E T4 2 Ak R R BME AL 3 -
n=3x3,N=11x11, n=3x3,N=11x11,
a'=35; 0'=30;
SERIA T2 SEAIE T N2
NP:256,R:4,N(,:1024, NP:256,R:4,N(1:1024,
AIITE ier = 10, € = 1. 15, A = |iter=10,C =1. 15,
0.1,7, =10 A=0.1,T, =10
Nyog =8l,ny, =3,ny =3, | Nyog =8l,n, =3,ny =3,
Npns =9,k =9 Npns =9,k =9

5.2 #&# LDCT E&pEREXIE

XF 4.2 /N AR F ) 10 41l E8 LDCT #5481 14 15
(Qy, =3%0 x 10") 4T3, I 5 KSVD , AS-LNLM FI
BF-MCA —Fp3yE AT HL 8, 25 R an &l 6 Fros. ASEBs
G5 LU, KSVD Bk a] D) B 8 v 19 56 43 14t
7 HERRE LBR AR 5. AS-LNLM A1 BF-MCA J&4t
X} LDCT G A (1) SR P 52 [ H 1), X R DR 1)
FBRACR B Ry B 5, A il S5 5 PN 308 1% 40 39 P B SR
FIAE, 3 R - 7 A S 6 g B B0 TR )
FARPASEHRE 2, 1T 3K PR 28 80 105 1 o Mg R 2 P O DA IR

7 MG AE S B AR B A7 AL B , BT LA 254 R o
ZE] A HRCORA KA N B A SR — 2R
(A ZE P B - L () JE il b, %o g s FRI A 00 A 7 1 o g
o, R s ROl 5 A ol e B S LT, AR
TE L BRI O 1 R s, Of B R &2 G B 2 11
T E R, 6 (h) (i) FIZ 3 B,

T30 AN 1 (h) B AR SCRR AR I8 R R I 2R
SERGIE A 7 SR AT A R 2, AR AR R 2 A U8 Uk
(NLM) X} b PR E G 31T T AL BE. NE 6 (f) Fl(g) 7]
VA 1 NLM Bk B A R AT R &R B AR, Ge
i LB G b 1R o e RS (LX) SR O 52 1 S BRSO
AME. Y NLM S50 n N o BRI, 254k Ph5 5L Ak
Fr—i o AHEEG a0 th Pkl 2, S 3 BRI
TP FEAS SO NLM AR R AR B, H 28 T LBk
G H 3R o0 s s, {H 7 NLM 5 — & (1) R
SEHRCR I AT S E BN n N oo NFR 3 8 &
PEMEs b a] DL W 3 T 245 6 A 2 L O 1k g
B4 5 19 PSNR BN SSIM A, LR 25 852/ St Ll 6
(h)F1(i) ,NLM Fil &b 5 SR RE A% 25 B [R5 Hh o 22 (1 ik
PR RS  AE SR 2300 R 3 43 20 5 {5 8., An 1] o i ]
I3 R,

5.3 |lifgfk LDCT E &R0

M NLST %iffa 122 v B 10 28 i &8 LDCT Ifs PR 5 dis 1F
75255, 3% R IRl —s AAS [RJ 4 42 i AR Can &l 7
) AT REMEZE R T L 5 A i AR SRS R X £
SRl 2 SR R P SRR (U] 8 B, Ho A R
TZEG, B RELMHZEG, C RELMHZER,
D RFEZEMIRER) L8R I HL e 434 1l 15 Ak B i i 1 e
PRI OR BRI, ARl PN I A A8 S AT PR B 4K
. HFIE R LDCT G G = A1 07 A i o %, T LA
PSNR | SSIM %4> 2 2% L PEAN bn o TG 75 1 . AR SCR
P T R SR DX 1) 2 WA 7 27 o 4 L
17 m VM. f= M e ( Signal-Noise Ratio, SNR) , Hi42 X
R R ER X S AR R W BE S Ty 2R Le ., E TR
2FEUR I B PR, N 4 BT,

XFECEE 8 R 4 (25, il DL B, AR SO I
TRAENG PR LDCT UG A B A 25 P g Ab B 5 1 A e
AR T HABSE L. DA IS LDCT B A P 1Y)
BOR TR AR SCEE o A Tl 43 4 2 1 R 24 e 1)
R MR DR A5, LS A BT R E, X6 TR A IG5
PG A PR ) A Ao B S, R = B D Rt < A 00 RIS
T LG H il S 5 /0 T AR S 2 2k IR 4
)R S W N Yl SR S e S RSN ES T P N ]
FE A% B 47 1 O B K B2 R i



% 6 1 FRBREE T A5 HIIBC A 7 LA it LDCT [ {5 g 1 1451

(a) HRCTJF %

DI

(h) LDCT@MW%(Q =3. 0x104)

(d) AS-LNLM

(g) NLM(5=65) (h) G A T (i) NLM-+45 A4 Al
El6  AAULDCTEMZ MR L0455

(@) BT ) ) il (c) MiiE)22
B7 Rl AR R4 2 A s %

26890809, 809 9

S S S S SS

(a) JRLDCT% (b) KSVD (¢)AS-LNLM  (d) BE-MCA (o) Z5HHKAFIL (f) NLM+Z5HIKA 7
P8 AN [EIF 2 BILD T4 A R4t 5% L
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EE ¢ 2018 4

£3 & LDCT ERERIFMER

WM RN KSVD AS-LNLM BF-MCA NLM NLM LRy NLM + £t#
izt (o =35) (0 =65) AL KA
PSNR 17.796 26.663 28.620 28.709 27.166 26.190 29.162 29. 694
SSIM 0.338 0.684 0.739 0.791 0.715 0.625 0.811 0.836
I 0.571 0.380 0.294 0.307 0.362 0.419 0.285 0.254

#4 FA—mARFQHENRNE LDCT EigH) SNR SFHER

g‘g ROI 4 = B KSVD AS-LNLM BF-MCA . gg m Nggﬁﬁ
©) 6.856 11.628 13.244 14.591 14.195 14.263
B 7(a) @ 5.380 7.059 7.643 6.960 7.927 8.226
i 150 2% ® 1.109 1.284 1.152 1.198 1.227 1.336
@ 1.463 3.265 2.180 1.681 3.695 3.316
©) 10.627 13.062 13.497 12. 680 13.952 14.007
B 7(b) @ 5.788 6.592 6.969 7.181 7.694 7.922
it v 22 ® 1.010 1.906 3.360 3.294 3.612 3.580
@ 1.036 2.310 2.588 1.284 2.853 2.916
©) 16.224 20.636 19.911 20.051 19.736 20. 172
B 7(¢) @ 8. 666 9.953 10281 10.285 10.707 10.813
il e 2 ® 1.530 1.701 1.634 1.758 2.840 3.358
@ 1.694 1.889 1.732 1.935 2.318 2.433

6 BESiE

BNl LDCT [ {5 A7 75 7™ B 1) I 7 R 2R D 32
[ R, AR SCH T — R 3 45 R TR 1 S i ) [ 1) e e
S R B 8 5 A B 1) HRCT R B b 47 7
WANGR il — R 5] 5 )5 A BTG — A~ 22 R i 4 4
A 7L, R TR A il LDCT R A48
PRI iFR LDCT % fhs i) e 068 52 38 45 SR S U 1 A SCH
LA X B IR — 9 A TR B AR A B2 SR
AR B A SO B AT S 5 BRI LDCT [ 44 o
W R R DR IO R, O B A A IR S 2 i 204, ELX
R i B PR A A 85, 5 AT AR L, A SO X Al
T2 MR 2 G AL B 9 0380 o B R, i 5k
AEAS AR TR AN LDCT P& i Jsi i, A A T LDCT [
BIGEERIAL B 73 M. B oh, 20T I GRab ki & 7 Jt,
ALREEAR I il 50 145 5 2 i S 4 5 8, 4R T R
RSB R 300 AT LY A TR 2 A P I [ 33 %8 37 fil 58
A A R AL A PR ARA T LY.

SR, R I T 1 58 A AR U2 B R S5 M B 7
SR RCR , BT K i 1 RE 7 S i 3 A 6 AT G
WT7 i SRR R T — B 2T .
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