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Medical Image Fusion Algorithm Based on Sparse Theory and Fast Finite Shear Wave Transform
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Abstract: In the field of clinical medicine, image aided diagnosis has a high '!demand for the effect of medical view
processing. To solve the problem of poor visual effect in medical image fusion, a medical image fusion algorithm based
on sparse theory and fast finite shear transform is proposed, which‘irﬁproves the efficiency of medical image processing.
Firstly, Fast Finite Shear wave Transform (FFST) is used to decompose the source image into high-frequency coefficients
and low-frequency coefficients. Secondly, accdrding to the different properties of high-frequency coefficients and low-
frequency coefficients, different fusién strategies are provided, and the high-frequency coefficients are processed by the
relative standard deviation comparison method. For the low-frequency coefficients with poor sparsity, K-SVD method is
used to train, and a dictionary is obtained Finally, the high-frequency and low-frequency coefficients after fusion are fused
into the medical image by FFST inverse transform. The experimental results show that the image fusion effect of the
algorithm is good, especially in improving the image clarity and so on, which has sound practical value and application
prospects.

Key words: image fusion; sparse theory; Fast Finite Shear wave Transform (FFST); Fast Fourier Transform (FFT)

O 4T H: LA B RBEEFT R H (19KID520005); F XK B RFH K4 (61702095)
Foundation item: Natural Science Research Program of Higher Education, Jiangsu Province (19KJD520005); National Natural Science Foundation of China
(61702095)
WCAR IR 8] 2020-04-24; AEUN [6]: 2020-05-27; SR I 6] 2020-06-19; csa #E £k Hi it [8: 2020-11-30

Research and Development ff 73 7 & 239

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7718.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007718
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F 55293 %5 123

B o 2 2 AR RSSO AN W R A G R A8 AR
AN J, Ab B 28 LG () 7 V2R %2, Sy s ]
G SR T AR R R 9 T 224 i 248 99 kAR
NI S e Ay R R 8. P £ £l ol 7 R
. I B2 W G AN 75 2 B0 2 D03 B FR SR, R
X SUHE I T FE ) BSR4 TR AR AR SR AR G ) R A
FR 7 AR AME SEEL R RO AE AL 3, JF H R K ER
IR RIRS 1. BEE KRB . it EHEAN GELE,
fa] PRUIE A R R FH AH DS H AR L34 x5 I R 12 Wt G k47
ARFE, CRCA— AN RS TR L TEUR TS S MR T T
B ER e 5 PUEAT IR Y D) AR e (1 2 2 G Rl & S

H 7 30 P R B e AR 2 A 43 #r A B AR 2 B0
B B PR AL 3, Sen iR 2 iZEM T
P AT AR & AR 2 A S B R k. T4
K, T RO AR BN () N AR e AR, AT
1 W B B A HE AT 51N 7 96 M A4 48 (Rlesilient
Distributed Dataset, RDD), E‘Jﬂﬁﬁ#ﬁ], JEgpt TR T
Java. Python I Scala %515 5 [1) API, ¥l 5 HAh R4
M5E3REE A, DAk & G b B RR.

PR A PR B ik A e ) A PR 4% A AR Hp AR 2
2, N SR A . By D) AR ) R —Fh 2 R
JUMRT 3BT 1) TR, 30 LA SRz 8 A i 70 44 0. B D)%

I T () IS Ak B 3 S5 ol A S ORI . 2 BT DA M)
R o, BROZEA PR BY D) AR A T 4R A B T ) BE ) B 5,
SR AL BRI AR R B R I H L R %, # B B
BEAT AL, ) 2238 OICTE IR R R A5 2 45 2R
FEERGM GRS, BT /R T i R A, b
BT A 2 5, WETCN BB ER H LR 17 7 51

%O L0 Shahdoosti . Yul'!! 2 i 1S iEFH B

Pl £, R4k £ MO O, Rk T TR A
FRERIE. DRI, A B 1 s AR B )25 4
r, T B b BRSO 15 24, 47 6 PR A
AR NI S, 3 BB 2 MR 7 K.

ST UL ST, ASCHE T AR B A B A
PR 1 e 45, o B FE 14 T P4 47 A T 1
GEIT % B e, KPR R U) B (FFST)') 43 U
P15, 44 F 23 A T 50 28 ORISR O B 49 3o,
AT 5 7 P 0 T A L AT
A I A 360, AR B R R S0 R
PR, SRR D 0 2 S, 383 RSBl 25 L )
S TR AR AT AL B AR, o TR 2 G 2 4
T K-SVD 7350 HEAT U 25, f6 B0 400 5 6 58

240 W7t JF K Research and Development

M i B BRSO ML AR B B S, A R IR B R MR A R
HuEid FEST A e & 2 B2 22 R, DR N
BT EL L 1 P (5 RCR

1 U B BT 1 A 4 R0 R i 2 18
1.1 REEEM T

s e LA ) R 1965 4EHY JWUEEFIFD T.W.
I BE R . B A8 AR e (FET) A2 48R 501
RS Y B e (DFT) el #6571
FO 5 R SR T B G B e 2 4
I 5 2 1) T UK U2 5 Tt 20 e R A
BN #i %, 0 BFTRLEE S/, FRT A48 5
MBI AT B BE . SRR, B M T
IS 4T EACHE T T 3R

L9 0440550 P A M SRR FE R [, LA T 40 o
i PRG3R UG R R (G RE/IKE) 8
W08 TR, 7o0 901 Pl 5 01 2 P 4055 A A
S E, e ST LR 228 FE A e 2P B b TR P 5
SRR 2 1. LI A 4 AR A TF 5% 5ROk HE 4T 1
5, G0 FAE— AR I, S T, TR BT B
8 MR ARAT 4 B 3 (1) HEAT 19 A i, 19

©e(1,y2) =901(y1)¢p(§j—?) (D
IAEE ) e A A W

onjiw) =g (BZ/1 R;I;1,j) e~ 2N
(L.
= 01(47"y )y (2’1;)—? +j) e—zmg,( t7t )>,w €5
, ()
L L M M
st o= {0 ==, 5 - ==, 2 - 1)
1.2 LRI
B Y% A e (Shearlet Transform) &4k FFT A8t J5

N R B, Hols — N R B AT B YD . 4 JEORn
PR SRR AR I DL/ B AR S SRR AT 7 5 A H R A i
N e o R A A,

HARTFR Y
1 r

eora = b (B R =) =b || O P urﬁ
O -
N

3)
Hrb, b ARIESH, r NBIOIZHL t TS HL
BT PG W] DA SRR AE BR — 28 LLAM ) A ey 4

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F 55294 %5 121

http://www.c-s-a.org.cn

i H AR SN A

FE il 28 00 R P, AROR R AN T /N U AR e kT 4
ho=[1/2logomax(L, M)11E R JRFEE £ &, 4 J5 S B A
LxM (87 B8, HAEME F Rk ECN:

{{(%’%);(l"ml)“} @)

T= {(ll’ml)’ ll :O,“' 3L_1; mj :Os"' 9M_1}
B by et S ESHAE AR AR S A, AT
1
bh :272}1 = 4_5 hzoslv'“ ahO_]
=270 —2h < j<2h (5)

l
1= —l,m ,let
L M

1.3 FHIRIEL
Fi R BRAS 1 A A5 Ah B K% L N7 FH AT Fp 1 A AT B

AR — # , HS 5 P R ) AR OR35S T

URAT 5. M 3R 7 2 A7 il AE 3% B M5 R ) R
SRIE T, HHEUD 2 A R R Rl 7r B 4
HI O S AR 15 5 B R A S A Y TS e
FLIE AR 1) L ] PN R K.
WIAH m K, AR TR FEARHHLE D
H— I dy; KRR, WERERS i DI n DR, U
D; =[di1,dp, ,din, € R™",D = [D1,D3,--- ,Dy] (6)
#r x BT A i 28,
x=vyadj +vodp+- +Yindi, @)
B x FTRLE 56 @ AN R BOREAR BT Z 4 A R TR,
a2 O D Al x, AR y, B

yi = argmin [xi— Dacny|as st llalo < Lo (8)

P4 K-SVD FE I ZRoe 4 7 4, A 12

>3 7 B BE B X A i L AN R B USEEAT A R R, — IR

BT AT S EC B B A SARFALE

2 Fhbn S 5 P A PRET AR e R S

R 5 e PR DA A 2 5 243
N3 b, ’

e, SR A DU (B AR e (FFST) 7 V8 B4,
A B B R SO R ST 55 Sk, BT
A VR PR 1Y 1 A, AT A
FIEE A 2.

LR, AR R R ISR B0 A P R, S AN
e 2 5 W8 FRVAF 47 2 L e ok 8 90 28 MO 4T
HEEE TR RS, S TR
AL, bR R R, 51 RS 6, FIFI K-SVD
D7 EEHAT NG, 13505 ISR PR B SR A7 A P,

e, R RRE e A R B0 . FFST 1332
et & BB BB A, DRI 75 M 1 28R

G FE BRI & 1 R, VR BRI FFST
BEAT M, 0 e 9 T e AR BRI 1 s R A v
Tl ZR Ko AR A A EEAT R, TR R
HOWGE L R4S 27 i, 255 W B R 34T AL B, 15 2
Rl A ARSI 7 R A e 5 FRST A7 #4531 i
e ERA.

_— _JEFFST
%Zgiﬁz mmgguﬂu
IR _
e i e Y 1Y
UHZE
FHD

2.1 BT R R A R

TEBERET, T B LRSI, % T Bl b B ok
FRHC P35, LAl PR RTI 5 A, AbFR A0 R e
U, BRI BRI K 2 AN, DB TE
PRSI g T e L ), 1P T SOk (18] BOARRT
VR LB, T AR PG AR T 55 7155
SRS, SRR T GRS F:

1) WO A 109X 388 3R BBR G, ), A4 A
1N BT R A i I LR, TR BEG. )):

2) SR AE B G, j)FABLY Gy i R X R AE 2, 18
s, p Fs e, ., S

- sYap=|Frap-FrapFR G )

O TEF Y S, B 0NN 333,

1
F%@7¢Zijlgwmﬂm%mf,

=g S Himjam, b, Me(12);
3) i B BYG, ) MIBY LG, j) 2 A xE 1, 2k
Ghplis ) s
4) sRIGE G, HIBERAEEL G, ), ARNE(x,y) =
2 s .
Z(i,,)eg(x,y)P (DTG, )y, Fei:

[ 2
T=—V|2 4 2 (10)
611 2

5) LA FIWES G, ) UK HRIER G jyix 3 Mk
18, HEAEMEBOR, #itHE— e A A ARENZS
¥, R RS G, ).

Research and Development iff 7 & 241

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2020 4F %5294 5 12 1

22 EINRHBEMESEE

TEARAR T REH, EZEE RGN EE
BB RE B BUK J7 22555 g 5 b PR
G, BTSSR A E 50 2 ARG EL A b . (B 5 15 2 12
W7 75 SR IO AN T &R, 8 FH A% 58 7 v A BT 45 LR Vi
Wi R 32T AN Re i 2 R 2 W 7 B A SO AR 5
B 7E b 3 R B R B R, T BRE
BT 50 JE0 o> B A5 5 THI A BA i e, LA R

1) A (5) H 0 FFST 2830 i I % 4, 153
AT R Bein G, ), ARYE FFT BUAMEF4l, X 1%t
AT PGHE AL B, PR T 7 B AT 2y B b B, R LA
AF A&, 1E AW

2) SRIGWAIRIFIME, 1T AW, 8L RECF (1

SIHRHGEIEW s

3) HR¥E K-SVD Hikxd WasiE il 25, 35574 D;
PRI OPM S 1 81 Was 1178 57 R BUE M, B3
SUCH T RME G . ©
23 Efgma

A5 LR ACTR R (0 0 T, FLAH R

1) ¥75 3 B AT T R BT 71 R 3000030
HBE G, e, j);

2) FIH K-SVC HiE IR+ 45, HFIH OMP
FEAT N, SRR BIELG, j);

3) w7 ia B AR B 22 AT Rl A, 15 2
AHSEG, )

4) 5 J5 R 1% FEST, 4 G 3EAT flG, IR AH
IS AT HE AT 4 B A 53 B

3 PFEYR R R T L

N T S A 7 PR (kISP o 10 S A, 4
T 3 USRI R L IR bR 2 (D)L IR
(SF)\ ZEHIAR L (SSTM) FEHRL 25 2 Kxd R HEAT VF
1, — B L, T3 R R 50 1 A 5 2R
BT S T LRSI e B B Sy, AR SO
BT A SRE6 357 Windows 10 #:4E R GiF1 Matlab 2013 3F
55 T AT 05 .

SEIERE T 2 LRSF RN 512x512 [ E Gk

T E, K 2 KE 3 Fik.

(a) CT K% (b) SR-NSCT

(c) SR-EV (d) SR-FFST

2 BRI OT/H 4 R

(a) CT E1% (b) SR-NSCT

(c) SR-EV (d) SR-FFST

K3 A B CT/RE KGR

Bl 2(a)~ 2(d) 7 3 2 R VAT ZE 1 18] 3(a)~
3(d) R 2 B R CT Bl. Bl 2(a). Bl 3(a)
K %R CT TRIEME; I 2(b). & 3(b) &5 FH ik [20]
P& H PRI R 45 &7 B EE 18 (SR-NSCT), AR s
KRB B m R R B AT W BT B 2(c) B 3(c)
2 FH SOk [21] 32 H B0t i 43R 250K FH J8h 1) 4B AR

242 i FH K Research and Development

JRMEE £ 1R 57 (SR-EV) LARO (R A 3 B2 o (. 1%
HBEBATE LB AE R, K 2(d). B 3(d)
FE R A S 532 (SR-FFST) 52 H 4.

ME 2 FIE 3 0T LUE W, A SCRVETE A FE R
SoPE L XTLURE . TEMTE . AL UR K& SO S
577 THI 38 B 2 o T At B, G 2 W G SO ) A

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F #5294 5121 http://www.c-s-a.org.cn EN RS N A

RFAE SE N AT 3 45 LA SRR L.
Xt R EBRBEAT 3 FHRFR BRI, 15 21
KIGPRSHEERINE 1. R 2 Por.
£ 1 2 PO FEREL A AR KRS TR bR

VAN TRRR SCHR[20] HR[21] P s
SD 70.3309 72.3068 74.4687
SF 25.2753 27.1955 28.1101
SSIM 0.5972 0.6528 0.7124

K2 K3 A S VAR KRS TR AR

GRIEELDD SCHR[20] YHR[21] Vo'
SD 79.4381 80.6137 84.0126
SF 25.1072 27.2108 28.0103

SSIM 0.5241 0.5901 0.6607

ML T 3R 2 Fos i BRI RN, SCHR 20,217 H9%H)
A TR IRIG, R, AR 22 Bl Fel 3 2
RSO SD {8 UBEAIE, S0 2 SR B
{0, 15 5 0 50 4 LU T 1 % 2 AL
LR G 54 okt 38, e WA B 7 A B PR 2
B, FUA B (IR B RS 77, DI 136 E T A SO A
AR .
4 g

Pl (5 AR B R I TR 5 9 00 B 275 7 5
PR T HRORBOARE, ek ARG f HEACP SR (A
R IRE. AR SCHR H TR R 1 5 e A IR 9 )25 He
Y 5 2 5 2 5 20O e T AL FES T A e i 2
ORI WSS 2  T , 45 2 FLRD R S0, %
PUA SR 4 2 VA7 07 B SR B, 45 AR, 4SOV

BRI s . SRR IR S AR Sk

FHEE, B RA—5E L.

¥

SENH

B, R R UL, A B A2 B O X i

CEA R NEOR LR S5, 2019, 40(6): 1324-1329.

2 BRI, WA EUG AL B AR AR 2B AT IR A . T EAR S
Bk TR, 2019, (3): 61.

3 BREE. TR AD 5 R 2 S RGN Bk [
AL ST ] )T SRR B TR, 2018,

4 AN o3 A TR AL B ) A Fh S A KB SRR AR A R
WFSE [ B2 Arie S0 ). i RSS2, 2018.

5 H. & TR IS KB A IZ 38 AT ) BB AR 5T
[ AR ). Kb WiF K2, 2017,

6 7. REYEAE AT B G AS B o0 b A 1932 . a0,

—_

7

10

13

14

16

17

18

20

21

2018, (36): 281, 280.

ARIBZR, VFie, TR, 5. 5T Hod A IR V1A e 5 5
FUEM ) 2 REEG RS FIE BOL S i Tt e,
2018, 55(1): 011001.

Zhang L, Tang JT. Seismic data denoising via shearlet
transform and data-driven tight frame. Acta Geologica
Sinica-English Edition, 2019, 93(S1): 298-299. [doi: 10.1111/
1755-6724.14105]

Wang YL, Tang YY, Li LQ, et al. Block sparse
representation for pattern classification: Theory, extensions
and applications. Pattern Recognition, 2019, 88: 198-209.
[doi: 10.1016/j.patcog.2018.11.026] b

Shahdoosti HRj Khayat O. Im;ge denoising using sparse
representation classification and non-subsampled shearlet
trémsform. Signal, Image and Video Processing, 2016, 10(6):
1081-1087. [doi: 10.1007/s11760-016-0862-0]

Yu NN, Qiu TS, Bi F, et al. Image features extraction and
fusion based on joint sparse representation. IEEE Journal of
Selected Topics in Signal Processing, 2011, 5(5):
1074-1082. [doi: 10.1109/JSTSP.2011.2112332]

Ti w3, FET AR VPAL 55 A% ) A0 B Y MR BN S
T IE S G 2R, 2018, 32(6): 139-147.

Song Y, Liu Y, Gao QX, et al. Euler label consistent K-SVD
for image classification and action recognition. Neuro-
computing, 2018, 310:277-286. [doi: 10.1016/j.neucom.2018.
05.036]

Yazdi SV, Douzal-Chouakria A. Time warp invariant kSVD:
Sparse coding and dictionary learning for time series under
time warp. Pattern Recognition Letters, 2018, 112: 1-8. [doi:
10.1016/j.patrec.2018.05.017]

MR R i S A 7. SRR, 2018, 9(24):
62-63.

e e, V5B HE T Al R SRR BT U A V0 3
) TR, 2018, 25(11): 2022-2026.

Dalrymple B. Fast fourier transform: A Niche, but critical
strategy in optimizing impression evidence. Journal of
Forensic Science and Medicine, 2018, 4(4): 192-196. [doi:
10.4103/jfsm.jfsm_35_18]

PILRZE, WO, FRIE. B MBS 5 TE T RT3
A i) 2 S B 2 R Bl A S0 WL B TR A4l (A
IRBLER), 2018, 39(6): 723-731.

AL, DRSS, RUCE, 55, He T4 ebh 57 I 45 R A 8L
FERIE RPN Jri%. BEAHOR 5 TRE, 2018, 18(27): 42-47.
WRER NS . I M g s B Rl & SRR O IE 78 SN2 [ At
PR ). PR FERUE B LRER A, 2018.

W, 5, AR, w0 2 i X MRS AT R
2k IR 55 iR T BE TURE Y Il R BT T AR 5, 2017,
38(10): 1862-1863.

Research and Development fJf 73 7 & 243

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1016/j.patcog.2018.11.026
http://dx.doi.org/10.1007/s11760-016-0862-0
http://dx.doi.org/10.1109/JSTSP.2011.2112332
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.patrec.2018.05.017
http://dx.doi.org/10.4103/jfsm.jfsm_35_18
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1016/j.patcog.2018.11.026
http://dx.doi.org/10.1007/s11760-016-0862-0
http://dx.doi.org/10.1109/JSTSP.2011.2112332
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.patrec.2018.05.017
http://dx.doi.org/10.4103/jfsm.jfsm_35_18
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1016/j.patcog.2018.11.026
http://dx.doi.org/10.1007/s11760-016-0862-0
http://dx.doi.org/10.1109/JSTSP.2011.2112332
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.patrec.2018.05.017
http://dx.doi.org/10.4103/jfsm.jfsm_35_18
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1111/1755-6724.14105
http://dx.doi.org/10.1016/j.patcog.2018.11.026
http://dx.doi.org/10.1007/s11760-016-0862-0
http://dx.doi.org/10.1109/JSTSP.2011.2112332
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.neucom.2018.05.036
http://dx.doi.org/10.1016/j.patrec.2018.05.017
http://dx.doi.org/10.4103/jfsm.jfsm_35_18
http://www.c-s-a.org.cn

