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FE MR R R 2 ) BT, AN B AT A e, B ML Tk i 3 8 R AV RHE AR #7: (DSIFT) [0
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HUVTES T Tehebichef 122 2 AL, HAPREGAATH R DTT RARREMRNE, LHE
MTACURIRR 5 1) P A e 0 S50 . AHEC T840 DCT, B THERIN [A) 52 2% BEAIR, T R s Bl A5 4R
&, BTN T EHG A RS . ASCHERTFE DTT SAH5C 0 B R LAl L, R4
DTT HIMRE I R BT, i % el O3 R U B, T b 25 & Parseval € B, FI ] & AR Hr
DTT REA5 2 EGHA RER LI, Sa i EREVFI S R I E IR S A 10 2 R R R AT Rb .
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=0 y=0
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Z O, AR IEAR R TR R
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Figure 1 (Color online) The plots of normalized discrete Tchebichef polynomials with order 0 to 5

JH—4 1 0~5 BB EL Tchebichef 2 WA 2t 1 Frow.
BT RN hox b BIEGSL £, 38 (1) F1(2) F DTT 1EAR A AR e v] AR R AT R an i R

F=CxfxC" f=C"xFxCcC, (5)

SEof, © hy DITT SRR, JA o x b, W RSEHCEIE  TEASIRBERITTARRE 3 M. © ARG
FRRPEI DIT £, CT 1 © [E BIEHE (CT = C1), SUBM 8 x 8 DTT AHUERE © R
wip:

| 0.3536 0.3536 0.3536 0.3536 0.3536 0.3536 0.3536 0.3536_
—0.5401 —0.3858 —0.2315 —0.0772 0.0772 0.2315 0.3858 0.5401

0.5401 0.0772 —0.2315 —0.3858 —0.3858 —0.2315 0.0772 0.5401

—0.4308 0.3077 0.4308 0.1846 —0.1846 —0.4308 —0.3077 0.4308

0.2820 —0.5238 —0.1209 0.3626 0.3626 —0.1209 —0.5238 0.2820 .
—0.1498 0.4922 —0.3638 —0.3210 0.3210 0.3638 —0.4922 0.1498
0.0615 —0.3077 0.5539 —0.3077 —0.3077 0.5539 —0.3077 0.0615
—0.0171 0.1195 —0.3585 0.5974 —0.5974 0.3585 —0.1195 0.0171
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2 (MEIRZE) DTT #%&E K% S5 E
Figure 2 (Color online) The plots of DTT kernel function @, ,n. (a) ®2,2; (b) ®10,10

2.2 DTT BU4SES

2.2.1 DTT S5HXSHERXFH
FHR A AT A2 B BURHAAME I FE B, IS Z4EE 5 r(2,y), s(z,y) € RMXN [JUAHC RECE LR

M—-1N-1
prs(avb) = Z Zr(x,y)s(m—a,y—b). (6)
z=0 y=0
RS
r(z,y) = {”(x,y), ) o
s(@,y) = tm (2 M)tn(y; N),
meia (), BT RA:
M—-1N-1
prs(oa 0) = T’m,n = Z Z Em(ﬂl‘; M)En(y; N)f(m,y) (8)
=0 y=0

M (8) FTLAEH, T, ATCABEAEAEUR f(z,y) FVBHAZREL 1, (23 M)E, (y; N) ZIHHIAE DG R
K ) iE Y, BELDTT REBUATL 7 B 55 —Fr DTT 2t R B MR EE B, € L (m+n)
B DTT A2 4t% e 50 Py n(2,y) = fm(x;M)tNH(y;N), 12 R 2 D92 5 D10,10 WK 2 Fror. REEEH
Tchebichef £ WML, JF45E K 1 A 2, FTLLE ), DTT BFRBMZ R B BUE AR, BR300
B HokkE, HBUERHURRRIZL. i, 45620 (8), TR AN F4518: DTT A2 # )5 MIRH R BRI
TEBEAFEEMER; R, =B DTT REAIL 7 EERAT5E S, i — eS8 KE-FEE
B, AR DTT REBEEECR, M, WEEEE R 4 sim s &, WL DTT & # )5 1 6
BEEEPERN R L.

2.2.2 DTT ZHHEIGAEM

M (1) DTT (058 LT LU H, DTT RHCHEUR (o, y) 783 AT LIE L4 1028 4% o 8
B (2,) = (s M) (y; N) FHGHER, 2 TR AR TR @, (2, ) WHRNFIR £ (2, )
HOSRRE. BRI, RN R f(2,y) MISERAELTT I SHEE L @, 0 (z,y) HIHNERAS I TT ) — B0,
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XTRL DTT ABECR, RZME/N. TixtTH— s (s=m+n) IR EL @, (x,y) T 5, AFEE mn E
XTI PRI BR 5 A [R]— SRAE A B AN 5] 3 B e e i A, X B2 F DT'T R BRI 1 [7] — R AFE A% AE A [F]
FABERFERI NS AR, B 3 45 H T2 s=4 1) 3 MEREL (9o 4 (7, y), ®13(z,y), Pao(z,y)) KITTIA
P . For, e BUONZ R B — 4], A EDZ RS o J7 R An it 2. 1 3 FTLAE Y, @0.4(2,y)
1E a= 0 J71A BRI A RN @1 5(2,y) 7E 0 < a < m/4 il LRI AT DL ®qo(z,y) TE a=m/4
J7 1A B oy An th 2k ALk, et nl AR, ANE m, o ABEMEAEE (MECN s, W2 s=m+n) 9 DTT
FERIL T R TT T .

3 ET DTT RHEGREFN

— PP R EVPN T VERGH LT 6 A2k 17181

(1) Mz, AT RO T BUR 4, ﬁn@lf%mf” AR A g 7 2
(2) FE. BEAE UGB RE B AR b, SR A VT (I B 18] 3ot 1 sl i ik
(3) HUgEtE. REVEFIMER HAUE — MR E;

(4) ShABTEEK. KIS ARG BT X 2 RN R AR,
(5) M5 R 2 2%

(6) FLAT— M 7 iR .

3.1 ETF DTT ZHHIEIGBRETFMN

—BAROLT, BB RERE AR T BRI BB A E B AR B B, BARLE TR R
FEVO A, LRI, 0 R R, U‘Uﬁiﬂ%i‘%ﬁﬂ AMifEEER B, a0 2.2 /)
WA DTT R A B R K ) e 1 R P15 S AR5 2 0 dhie, & TR DTT

RERETHN T )
M I[H(f;p)ll
T —

; 9)
IL(f:p)l]
i ||F|| = B2+ B2+ -+ B2 RERRER.
f(z,y) = 1f(x 1) (10)
@D EY N )
SHH— 1k 5 MR H, B R e
h—1h-—1 ~ )
DX fy) =1, (11)
=0 y=0

L(f;p) = {Tpmn|m+n < p},
H(f;p) = {Tomnlm +n > p}, (12)
M+N-22p=>0,
43 RIA— 1 G B EAR SRR (M40 <p) DTT REMEH DTT KEES. %4630 (5), (11), (12),
RIE Parseval EFE L(f;p) A1 H(f;p) 2 FRAR:

IL(Fsp) |+ [[H(f3p)l = |IF]] = 1. (13)
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Figure 3 Orientation analysis of DTT kernel function ®., n(x,y) with order (s = m + n = 4), the left is an image of
kernel function, the right is the profile of kernel function along the o direction. (a) ®o.4(x,y); (b) ®1,3(z,y); (c) P2,2(z,y)

X (9) 7T BLFIL N
_HEI _ 1-IILE )] (14)
IIL(f;p)]] IL(fsp)l
M (14) FTRAE H, ASCE R BTN A ZHEAS p i) DTT REENAT, 7£ p BUAER)N
I AT AFEAR KRR b BRI v S5 ek ) S 2%

Mt

3.2 EBiEMRAEY
TP BB fi(z,y) B fo(,y), MR foz,y) BETEERT fi(e,y), BLHAI fa(z,y)
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B4 WiAEE

Figure 4 Test image

RS R E KT IHLI fi(x,y). RIESCH 2.2 NGB DU E X (12), IS BB K
ifr DTT %ﬁﬁfﬁn?%%.

IL(f2: )I| > |1 L(fr:p)Il- (15)
FARIEN (13) Bk, DTT REGH &£ Parseval EH, A EGH &M DTT K08 L0 F R &:
[H (f2: p)I| < |1 H (1), (16)

T .
My = [ (f2: )] <MD 1H (fi; P
1L(f2; )] IIL(f1;p)]]
K, 2T DTT REWREA My 2500, B2 R, 8 4 715 45 7 My BRI
AL FRIIALE R, B 4 9D EHR, B 5 0 las 7 ASCRR I B RPN U7 i (p=3 1) 5H A
RN J77% diagonal Laplacian (LAPD) 81 sum of wavelet coeffs (WAVS) ], Vollath’s correlation
(VOLA) 2O spatial frequency (SF) 2 7EMIK EHE AT A RIFLRE N Gauss HOMIFIY (E DR 5 1 5% £5
PPOMEARALHIZR. ] 5 ATUUE Y, AR (K SR AR PP AN R BRI RE S T )32 e i TR ME R &,
Hox BB FL L (1 X 4 B2 2291 AL T LAPD, WAVS, VOLA, SF 77, X8 T2 T DTT R
SR EE VAN T i B LT A R

(17)

3.3 kM

g(x,y) = f(z,y) + n(x,y), (18)
HA n(x,y) N,

RIS (1), B& g(z,y) 11 DTT RECH:
M—-1N-1
T\ = E (3 M)E (y; N)g(,y)

=0 y=0
M—-1N-1 M—-1N-— ~ 19)

= (2 M)E, E Y o M) M) (
=0 y=0 z=0 y=0

~ Tr(n]i)n, m+n < p.
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5 (MEHRFE) (a) FREE 0 = 0.5,1.0,...,5.0 B Gaussian R#HEIGHBEITNE; (b) FARIRT W x
W, W =2,4,...,20 HEEHEGHRETNE
Figure 5 (Color online) (a) Values of the various focus measures for images blurred with Gaussian function of standard

deviation ¢ = 0.5,1.0,...,5.0; (b) values of the various focus measures for images blurred with averaging masks of sizes
W xW,W=24,...,20

IONMEFS n(a, y) BHONEIE S, 5 DTT ARBZREL £, (a; M), (y; N) BIFASRIEEIR /DS, BT

M—-1N-1
DN bl M)Ea(y; N)n(w,y) =0, m+n<p, (20)
z=0 y=0
gi ey (12) AT ]
5 1—||L@G:P 1—[|L(f; P 7
MP = 1L Pl _ L= [IL(f; Pl — m$D, (21)

L@ P IL(f: Pl

30 (21) YL T ARSI REETN 738 M BAGRAT (0 75 i v, LT M et BB R p I3 0
MR, B 6 45 T AR T DTT BIREVHNIE (p=3 BF) A RPN 7772 LAPD 19
WAVS 201 VOLA 21, SF 221 fEfumetEgE Eixt bk, I 6 ATLAE i, LAPD, WAVS, VOLA, SF £
PPUME S0 75 I R2 I LB R, AN RE TR R S BORIRE B 2 [ 2R 1 R, A ST H (W 7 VR AR BN 2 gk
PRSI, UEBH T A ST VR A R

3.4 I3
BRI EIRN g(x,y) = af(,y), Hh o NEEALE T, HER (10) 4
_ (z,9)
g(:z:,y) = g
VI S ol )
_ af(z,y) (22)
VI S e )
LI, 244K I BRI BV A
@ = L@ PN _L-[ILG P _ . (23)

[IL(g; P IL(f; P)]]
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6 (MBFE) (a) MXEGEITIREE 0 = 0.5,1.0,...,5.0 B Gaussian ##fl, FREEHER 0. FER
0.003 B9 Gaussian BRFEFHREIFNE; (b) MXEGETARIRT W x W, W =2,4,...,20 BIERMY, H&
RMER 0. FEH 0.003 B Gaussian BERHREITNE

Figure 6 (Color online) (a) Values of various focus measures for Gaussian blurred test images corrupted by Gaussian
noise with zero mean and 0.003 variance, the standard deviations of Gaussian blurring are ¢ = 0.5,1.0,...,5.0; (b) values

of various focus measures for average blurred test images corrupted by Gaussian noise with zero mean and 0.003 variance,
the sizes of average blurring masks are W x W, W =2,4,...,20

2 (23) WM T ASSCHT E SCH R ER VR AR

AHEE I THT DTT REAVEREVEOE X, JF MR TE S Blde | s Bk . A V2% 7 i
UER T BBV A 2. (AR — 1R, A3 E I REVH I AR it BRPr DTT &
B, HSPA KT R BB EE TEM L, 2T ZREFN 7R S TTE SRR R B R KE &
IfIA]. ASCRAESS 4 03 T2 R BV 0 2 RAE R GRS HEZL.

4 EHT DTT MEETFNHZREMESEERE

B3 BN THET DTT KA EUGREVEN, JEAFIR AL FIE T % RN 1A 2,
FEQCIEAE b R AV E ORI R A O, mT DA E e i N G 2 RER GRS, | 7 4
TET DTIT MEBEFNNZ RERGRAHEL. N T RiBEN, A EmEL EERE A B
GRS, 2062 A EUE T UARYE e G m &4 3 2. BRI a il i .

(1) B et 5 B RS I P e G AT o Hesb 3, IR A e (10) 18—, B8 r N hx h 1)
BB, A SCHR/NEUN 8 x 8. 1 (4, 7) A7 B Xt RHL > BIEAE Ay A1 B, .

(2) WEEAEGE, @R (1) HEIEEN DTT &2% L(f;p) = {Tnalm +n < p}.

(3) R (14) e UGS RETN 7 0 S MR R ETINE, REK A, F1 B, Xt
SR (TR VEA B E N Mr(A; ;) B My (B, ).

(4) PEBSH AR B G R A VPN, R (24) BIEMITE R W

17 MT(AZ7J) > MT(Bi,j)—i-Th,
wij =4 =1, Mr(A;;) < Mr(B;;)+Th, (24)
0, others,

1008



HEB FERE B A8 E 8

. . . o
. . . :Fusion process IS
° ° :
N "\\Fused image
SOUTCC 8x8 block Discrete @~ i § T T T T T T T T T oo TTT T T T T T !
1mage Techbichef
coefficient

A
A

~ A
The max value of A
focus measure M, A
A

A

A

Decision
o map |

B
B

B Consistency
B verification
B

B

@ | || | =] >] >
|| w| | |||
w|w|> @ | wlw (==

@(w | > | > =
o @] | ] > >

i e B e s B =1

7 T DTT MEETNHNZREERGMAREER

Figure 7 The framework of multi-focus image fusion based on DTT and focus measure

Horr, Th A & XRE, 1% EUEA 0.001.
(5) SN T 38 S R Rl A B0 5] R A S R O R, SR HE BN S, N — SO 56 S A B v
F, AR 7 x T BRI A (majority filter) (23] BRI HRAREE R

i+3  j+3

Rz"j = Z Z Wy ,q - (25)

r=1—3 y=5—3

(6) BJAMRIERZRKE R HATRLE, AR

F:

(VR

Aij, Rij 20,
B, j, others.

5 SEWERDT
5.1 BIIFMIERR

BT EGREETESERGEE, REHAAF W 7 2R WIr 7%k, (EARAER E W
T2 ML PF A 15 e RE R BRI 5 SOR BOE AT & NJALBE ST, SR [24] FEBUA Y 12 M CEAR 7 i
BEAT 7 RGERIEEIF T 4 28 BETHE BB R . BT ERAFIERI PR . BT EHR S R ARLLEE
PRI T NSRRI VAN . ASSCAEIX 4 AP RERIEIC i, 3k 4 P vP o fapn 24T XS EE. 0531
R MAE BRI IO MI 250 NEHBRHIE (123%) AEEVENE @, 26 MR SSHIAALURE A1 FEPRAN /9
Qu 7, LA ZERLSE IS A BE P K Qap 28] XU PFT R bR, MI R il UG AR 5
ARICE 5 15 5, RS 25 RS IR G A5 B RURE BE (0 4 b, M B, i R0 R e
Q, MEEBUEMEZFRGEL, Wil%. MKE, Q, MEBK, MERERBY. Q. MER & KGR IR
BEBRAEAER, Q. FIEBR, BaHCREIT. Qar 2 MET ARBRK A G R E, BRI
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(d)

()

@ 0 &) (0]

E 8 AR p FRENRAESER
Figure 8 Fused image with different order p. (a) Source A; (b) source B; (¢) p=2; (d) p=3; (e) p=4; (f) p = 5;
(g) p = 6; (h) the magnified region of p = 2; (i) the magnified region of p = 3; (j) the magnified region of p = 4; (k) the
magnified region of p = 5; (1) the magnified region of p = 6

DL 2 G2 v () SE BERFAE, Qar MMERRK, RUERCRBRGT. T RommlA i 8], G i o] (o (AR, B
(5] 52 % FE AR, mﬁ%ﬁﬁ%@ﬁ% T BAEAR SRR 7RI VERE, KRS DTT J7S IM B9, GF BY,
PCNN M DSTFT O, K T B SR 5448 e ot LEBE k& 77 (DCT+C+V) [23:31] %—ﬂﬂifbﬂ’]%%ﬁ
lfﬁmEAﬁziﬁﬁfpe%Aﬁth b IM 1 GF 1IAREES MAEE 3 R4, DSIFT fil DCT+CHV
ARED F R SR B $2 4, PONN BARES MAE#E R0 1R, F4h, HIRIE & A2 RERGRE H
I AT AR, ASONIBATIN TA] EHEAT 7 X EE. SRERIE AT CPU: Intel(R) Core(TM) i7-4790 3.60
GHz, WA7: 8 GB, #1E R4 64 fii Window 10, ¥ f: MATLAB 2014b. & 7751217 20 X, &J5¥
IEAT I [P YEAE N Z 7V I AT ().

5.2 R p MG MRAIR

N T HAIE DTT AR IR p il R8RSR, 12 S50 K F MR A AN K £ BB < NI e e i
W 8 fiow, B 8(a),(b) NPIME SRR A E I EUR, B 8(c)~(g) 4 MIAARITTEAE DIT A4
MikAp=2,p=3,p=4,p=>5p=06 NHEELEE, B 8h)~1) N (c)~(g) BIRIBHCKE. NEH
ATLLE H, BEEMTR p B34, a5 B EEAR 3 BCR X AR, WLEE Rl & R 1) R 3B TBOR B AT LA
RI, AE p=3 I}, fib& B B B R G o BORIRE FE /. 36 1 45 T A AR R p I RlE UGS

1) http://xudongkang.weebly.com/index.html.
2) http://csrc.xmu.edu.cn/xiaobo/index_cn.html.
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Table 1 The objective assessments of fused image with different order p in DTT

Mrix p MI Qp Qu QAF T (s)
2 8.1446 0.7230 0.6305 0.7279 0.0938
3 8.1474 0.7245 0.6319 0.7294 0.0945
4 8.1382 0.7239 0.6309 0.7289 0.0958
5 8.1430 0.7242 0.6313 0.7290 0.0963
6 8.1351 0.7231 0.6299 0.7280 0.0979
a) TEZZ VTN 2 I s O 11 485 S R kLA 3R

%2 HGEG 9RE” BAENENITNIER

Table 2 The objective assessments of different methods for the fusion of “paper” color images

MI Qp Qu QAF T (s)

M 2.4011 0.5850 0.6620 0.6054 1.3715

GF 2.3819 0.5847 0.6709 0.6045 0.1496
PCNN 2.2548 0.3985 0.6119 0.4294 0.5244
DSIFT 2.4536 0.5994 0.6599 0.6183 1.9066
DCT+C+V 1.8498 0.3769 0.6713 0.4044 0.6422
DTT 2.4653 0.6029 0.6581 0.6218 0.0660

a) FEIZE VN RILE AL M L5 R A RS,
PL) PP 5 R, MR 1 ATEUE ), Al ROR WA AE p=3 I R, (2R 18]t fE & Fr
O p WIREINTIRELS. A5k, 40 3.3 /INTTFTIR, ASCHTHRE W K SRR VRO AR 1 BE 2 BE & i R 19
BEAR, DRIUE, Dvgra 25 R A 2R UL B S VERE, 72 e 8escia, Bk p BHUEDS 3.

5.3 EAESLINLERSIILL

SIS 1 AN ARG RA, Bl 9 RRAFRIERREE SR, B 9(a),(b) NHTEREREEAE
RS, ] 9(c)~(h) 2 HIF 2~ IM, GF, PCNN, DSIFT, DCT+C+V, KA R T DTT J5ik
A TR I EAE, A B RSB A 9()~(n). MEFRRTLUE W, @it DCT+C+V Jr ikt
L1331 MG 72 AR, T2 TR, ik PCNN J7 b & 75 31 1 MG 8 44 L goR), il IM, GF
J5 ka4 JE G b R B U1 A EE B, DT'T A1 DSIFT J7ikE st BB TR RR. £ 2 AT
S RRRLE TTEN S PE 45 R, R 2 FTRUR H, ASCHR M DTT 773, 18 5 FiiFhdadsh A 4 M
RIEA. FERAERA ) b, B BT LA RLA 5%,

S 2 FINAKEEG <AL, B 10 RaRAFETTERRE 2R, B 10(a),(b) NPHIEREREA
H R R, K 10(c)~(h) 43 B H IM, GF, PCNN, DSIFT, DCT+C+V, DTT J5 kR4 15 21
EHE. fibE BRI R IR BORE 7 HE 10(1)~(n) o, B 10 AT BLE H, DCT+C+V J7 kRl 515 2
(1 EE LA, i AR 2 D8R B, PONN J5ikRl & Ja 1 BUGA 538 0 6 B R i g, HAh 7%
TEEMAGEBCR Bl R 3 A T SE8 2 XS RPN FEbR, W3R 3 AT LA H, DTT ke
5 MvP fabr A 3 PP AL T HAth oy vE, X — DU 1 ARSI R

54 BEEZEIELIESIIEE
RBE— B BGAE A SO VA I, R T A 2 RERG RS TR 8 UG T IR,
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9 (MKZhRFZE) KL 1 KIFAMR
Figure 9 (Color online) The fusion effect of experiment 1. (a) Source A; (b) source B; (c) IM; (d) GF; (e) PCNN;
(f) DSIFT; (g) DCT4+C+V; (h) DTT; (i) the magnified region of IM; (j) the magnified region of GF; (k) the magnified
region of PCNN; (1) the magnified region of DSIFT; (m) the magnified region of DCT+C+V; (n) the magnified region of
DTT

%3 WEER EH” BANEIITNER

Table 3 The objective assessments of different methods for the fusion of “plane” gray images

MI Qp Quw QAF T (s)

M 6.6654 0.5770 0.7314 0.6182 1.8739

GF 6.5647 0.5891 0.7710 0.6184 0.4931
PCNN 6.5592 0.5354 0.7670 0.5788 0.3475
DSIFT 6.6297 0.5912 0.7612 0.6225 0.8584
DCT+C+V 5.9958 0.5444 0.7600 0.5908 0.1536
DTT 6.6280 0.5921 0.7621 0.6235 0.0572

a) FEIZE VN RILEAC M L5 R AA RS,

Bl 11 B, B 1 kGRS BE T AMEE N7, Mg —x e 2 kEGHERET L
sk B, W12 Al TEEA R ES RIS EIE, WA SIS IM, GF, PCNN, DSIFT,
DCT+C+V, DTT HIf&E SR, MEMMER LE, MG TR Bl £ 4 FIH T & F05%
X BV T bR . AT LUE H, A SCHE 0 D7 VAR R (8] 52 24 FE 3R i BAR T o 7 v, X Aoy
VLU T AR SC T 5, AT ARE - — S S i SR m R A L P R 78 A BEAR R 1 2 T
W I7 T, AR SCTEAE R Z 5 & B G M R ILEAL T oAl 732,
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B 10 ¥ 2 REEHR
Figure 10 The fusion effect of experiment 2. (a) Source A; (b) source B; (¢) IM; (d) GF; (e) PCNN; (f) DSIFT;
(g) DCT4+C+V; (h) DTT; (i) the magnified region of IM; (j) the magnified region of GF; (k) the magnified region of
PCNN; (1) the magnified region of DSIFT; (m) the magnified region of DCT+C+V; (n) the magnified region of DTT

5.5 fERMESCIN I

N T BSAEAR SCHR TV BB R D, A SIS HoR AR R EEHBURR G 7S | AR JE A SCVE AT IM, G,
PCNN, DCT+C+V, DSIFT J7iEFIR A R BT X . s sz — AN N Rl k4t i 13
Fiw, B 13(a),(b) AMTRREREEAFE M E G EE, HAE 13(a) I TIMEN 0, J7258 0.003
Gaussian M. B 13(c)~(h) 2 #F7RH IM, GF, PCNN, DSIFT, DCT+C+V, DTT J5 43 2 &
B, SF R J 3l JBORES 73 an B 13(1)~(n) s, AL 13 ATELE i, IM, GF, DCT+C+V #l PCNN 77
VR RGO 2 W P REMAAR, Rl J5 1 R A S AR TR . AFAIXS L DSIFT FASCH) DTT J7
W, WTLLRFL DTT J7 kA& RCR BRI T DSIFT J53%. % 5 4 T & Rh 05 it B i 2 SR 45
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(b3) (b6) (b7 (b8)
11 (MERFE) /\xtZBERK

Figure 11 (Color online) Eight pairs of multi-focus source images

Br, MNIZR TG 1, DTT J5EALE ML Q, M Qar 3 MFM RS DESE B RAR T HoAhT57%. 534h, DTT
JIEAERS (R 8R A4FE E AA+r B .

M SIS A AN G HRAR, W 14 BR, B 14(a),(b) PR SRR BEAN R R 46 A,
Horr B 14(a) NN T RSN 0.003 FRER RS . B 14(c)~(h) 4913 < i IM, GF, PCNN, DSIFT,
DCT+C+V, DTT J5 %43 B (RE S, X R SR OGS 73t B 14(1)~(n) Fras. K 14 o] LA H,
PCNN Al DCT+C+V J732 & 250U 52 e 75 52 ma oKk, BlG o i EUR AR5 3 AR E RN, IM Al GF
J3iE R R 2 U, DTT J7vE st R 5 DSIFT J7fel. 3R 6 45 T &R it B &
ML FEFR, MiZE AT LLE H, DTT VA ML, Q, F1 Qar 3 FHiFAT8Ar_L#0Z8E B A1 T oAt )7 i,
i ., AT Hefl 73200 5, DTT J7 3 i 8] 42 24 B K.

I P SO — S NN G R4, Wl 15 s, B 15(a),(b) A e e S8 AR R B AN [R] 1 5 46
%, Fh I 15(a) IIN T 2N 0.005 FIFeERESE. B 15(c)~(h) 43513~ H IM, GF, PCNN, DSIFT,
DCT+C+V, DTT J7 43 2| (R-& S, TR SR OGS 73t B 15(1)~(n) Fras. AL 15 Af LU H,
PCNN Fl DCTHCHV J7 21l & 8 2 e 75 s K, mvd a5 1 BUR A0 B AT HHA. IM AT GF
T ) R (LS 3 LURCBER, X bL R I, DTT AL RO EE DSIFT Jiklf. £ 7 45 1 &7k
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Table 4 The objective assessments of different methods for the fusion of eight pairs of source images

Method MI Qp Qu QAF T (s)

12(1) M 6.9061 0.6843 0.7852 0.6502 3.8532
GF 6.7162 0.6552 0.7830 0.6510 0.0942

PCNN 6.8655 0.5884 0.7492 0.5968 0.5053

DSIFT 6.9143 0.6549 0.7873 0.6503 2.2323

DCT+C+V 6.2716 0.6258 0.7904 0.6176 0.3788

DTT 6.9587 0.6471 0.7753 0.6456 0.0594

& 12(2) M 6.2353 0.6032 0.6458 0.6080 6.4123
GF 6.1441 0.6015 0.6556 0.6066 1.1906

PCNN 5.9408 0.5543 0.6004 0.5584 7.4884

DSIFT 6.1712 0.6045 0.6523 0.6092 16.5168

DCT+C+V 5.7139 0.4733 0.6556 0.4816 3.9274

DTT 6.1730 0.6043 0.6558 0.6087 0.1513

Kl 12(3) M 7.9653 0.7181 0.6290 0.7225 3.2197
GF 7.6569 0.7188 0.6564 0.7230 0.4542

PCNN 7.1168 0.6434 0.6110 0.6451 3.0212

DSIFT 7.8584 0.7251 0.6410 0.7307 10.5313

DCT+C+V 6.8334 0.5996 0.6865 0.6062 2.0254

DTT 8.1474 0.7245 0.6319 0.7294 0.0945

%] 12(4) M 7.2438 0.6937 0.7148 0.7102 3.2925
GF 6.7616 0.6957 0.7446 0.7128 0.4707

PCNN 6.2910 0.6038 0.7054 0.6338 2.9876

DSIFT 7.3479 0.7050 0.7156 0.7222 8.7483

DCT+C+V 5.7380 0.5428 0.7857 0.5713 2.0133

DTT 7.4715 0.7040 0.7145 0.7202 0.1128

Kl 12(5) M 4.4531 0.6538 0.8371 0.6698 1.9305
GF 4.4157 0.6514 0.8400 0.6664 0.2701

PCNN 4.3118 0.5773 0.8263 0.6026 0.4131

DSIFT 4.4352 0.6509 0.8324 0.6663 2.0003

DCT+C+V 4.0359 0.5445 0.8431 0.5704 0.3681

DTT 4.4772 0.6261 0.8019 0.6431 0.0575

& 12(6) M 8.0181 0.7835 0.8785 0.7838 2.9846
GF 8.0428 0.7850 0.8791 0.7849 0.2337

PCNN 7.8610 0.7708 0.8763 0.7713 1.5461

DSIFT 8.0551 0.7846 0.8787 0.7847 4.3149

DCT+C+V 7.3326 0.7361 0.8800 0.7373 1.1386

DTT 8.0601 0.7807 0.8759 0.7809 0.0743

5 12(7) M 4.9859 0.5835 0.7233 0.6113 2.5830
GF 4.9712 0.5827 0.7257 0.6099 0.4626

PCNN 4.8865 0.5312 0.7092 0.5627 0.3858

DSIFT 4.9847 0.5821 0.7229 0.6101 1.3997

DCT+C+V 4.7789 0.5398 0.7329 0.5716 0.4923

DTT 4.9864 0.5750 0.7211 0.6035 0.0622

& 12(8) M 8.1684 0.7070 0.7590 0.7146 5.0206
GF 7.8418 0.7092 0.7720 0.7173 0.8628

PCNN 6.6963 0.6217 0.7367 0.6274 4.3179

DSIFT 8.3385 0.7138 0.7672 0.7217 14.5844

DCT+C+V 6.0322 0.6269 0.7896 0.6362 3.0078

DTT 8.4151 0.7094 0.7588 0.7172 0.1569

a) EZZ WP KRB AL 045 R AR RS,
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DTT 7%

Figure 12 (Color online) Fused results of eight pairs of source images by different methods, from left to right: IM, GF,
PCNN, DSIFT, DCT+C+V, and DTT

XF R VR R AR, MIZERTT A, DTT J59E7E ML Q) 1 Qar 3 MFH bR L#Z B R AL T3
b7k, 1 H DTT J59AAEm [ R 2% BRI
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Figure 13 (Color online) Experimental results on Gaussian noise robustness in multi-focus image fusion by different
methods. (a) Source A; (b) source B; (c) IM; (d) GF; (e) PCNN; (f) DSIFT; (g) DCT+C+V; (h) DTT; (i) the magnified
region of IM; (j) the magnified region of GF; (k) the magnified region of PCNN; (1) the magnified region of DSIFT;
(m) the magnified region of DCT+C+V; (n) the magnified region of DTT

% 5 EMTEER Gaussian AR BN AEWITMN1EHR ©)

Table 5 The objective assessments of different methods in the Gaussian noise robustness experiments

MI Qp Qu QAF T (s)
M 1.7841 0.3346 0.4503 0.4428 1.3817
GF 1.7637 0.3321 0.4654 0.4460 0.1767
PCNN 1.7739 0.2570 0.4346 0.3396 0.5393
DSIFT 1.9145 0.3652 0.4574 0.4779 1.9250
DCTHC+V 1.6724 0.2791 0.5583 0.3517 0.6550
DTT 1.9367 0.3690 0.4562 0.4816 0.0669

a) FEIZE MV RILE A ML R A RS,

6 B

IN=A

ASCHEH T — BT BHL Tchebichef B4 (DTT) FUERAEIHN 1) 2 RAERIGRES T7E, EE 7T
W (1) X T T DTT KRB EGREN I, NS RIfrE, gt KRR
2% £ FTUNE L A5 AR FEUIE B T SRR VP A 280 (2) 4R R ARV B KR U, 45 T B T R ARV
(2 RERBREHES, (3) ZOUR N2 RERBME ERYW LA RKH DTT 28005, JFH
BIHL Tchebichef 2 W AT DABRIEGEAC TS, il AU 18] B2 2% BEAIR, WT LA 2 B - S PR R B 1)
Ytr; (4) ARSCE M T EAE AR BRI AT REEVPUT, BATBGRMIPIRAE . ASCAT — 28 ) B 5 5 48
WIEFT, B anfh e 1 R v S0 G B E i BEUMURE AR ST 71288 i 31 At 7 FH A0 7 G 2 A R 22 PR R
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Figure 14 (Color online) Experimental results on salt and pepper noise robustness in multi-focus image fusion by different
methods. (a) Source A; (b) source B; (c) IM; (d) GF; (e) PCNN; (f) DSIFT; (g) DCT+C+V; (h) DTT; (i) the magnified
region of IM; (j) the magnified region of GF; (k) the magnified region of PCNN; (1) the magnified region of DSIFT;
(m) the magnified region of DCT+C+V; (n) the magnified region of DTT

% 6 EMGEEMEREEZH P EMENITENIERR

Table 6 The objective assessments of different methods in the salt and pepper noise robustness experiments

MI Qp Qu QaF T (s)

IM 2.3726 0.5718 0.6462 0.5996 1.1075

GF 2.3615 0.5703 0.6572 0.5987 0.1514
PCNN 2.2305 0.3905 0.6022 0.4255 0.5471
DSIFT 2.4265 0.5861 0.6465 0.6136 1.9655
DCT+C+V 1.8352 0.3687 0.6573 0.4002 0.6428
DTT 2.4408 0.5899 0.6449 0.6171 0.0670

a) FEIZE MV RILE ALK L5 R A RS,

R 7 EWITEERRMEE IR PN EMENTFN LR

Table 7 The objective assessments of different methods in the multiplicative noise robustness experiments

MI Qp Qu QAF T (s)
IM 2.0993 0.5159 0.6186 0.5706 1.3097

GF 2.1590 0.5295 0.6435 0.5885 0.1308
PCNN 2.1000 0.3715 0.5953 0.4179 0.5646
DSIFT 2.2293 0.5533 0.6363 0.6098 1.9166
DCTHCH+V 1.8106 0.3541 0.6419 0.3940 0.6412
DTT 2.2429 0.5567 0.6342 0.6127 0.0670

a) TEZ WP R BRI 1 45 R AR R,
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Figure 15 (Color online) Experimental results on multiplicative noise robustness in multi-focus image fusion by different
methods. (a) Source A; (b) source B; (c) IM; (d) GF; (e) PCNN; (f) DSIFT; (g) DCT+C+V; (h) DTT; (i) the magnified
region of IM; (j) the magnified region of GF; (k) the magnified region of PCNN; (1) the magnified region of DSIFT;
(m) the magnified region of DCT+C+V; (n) the magnified region of DTT
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Multi-focus image fusion method based on discrete Tchebichef
transform and focus measure

Le ZHOU, Bin XIAO", Wenming SHI & Weisheng LI

Chongqing Key Laboratory of Computation Intelligence, Chongging University of Posts and Telecommunication,
Chongging 400065, China
* Corresponding author. E-mail: xiaobin@cqupt.edu.cn

Abstract Transform-based image fusion methods are widely used in multi-focus image fusion owing to their
promising fusion effect, and their noise robustness. However, the time complexity of conventional transform-
based image fusion methods is generally high. In this paper, a multi-focus image fusion method based on the
discrete Tchebichef transform (DTT) and a focus measure is proposed. According to the relationship between
DTT and a correlation analysis, the focus measure of image blocks in source images can be evaluated by limited
low-order DTT coefficients. Hence, the source images are fused by the principle of maximum focus measure. Our
experimental results show that the proposed method can reduce the fusion time while ensuring the fusion effect,
and exhibit high noise robustness during image fusion.

Keywords multi-focus image fusion, discrete Tchebichef transform, focus measure, correlation, orthogonal

transform
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