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2.1 HRAXERBIEERE

A 5% e G AR N A v e B Rt AT T R B
BT, AN BREM B SER, B4
FH R 2000 455 B 4 H ETM + 4, - Myl 48
P 38R X 4R i 0 R 2 Y A R AR KR S B AR
Ve SR B X, AR A 30.2 km’ . 1R I RH-& F 402
fii FH 9 & ER Mapper 6. 17 K ff

2.2 FERAER

TS (B8) ZENREERLHAD
BRZFEW X, BLL, A& SCRL5s 6] B8 AR 5
(SFIM HPF) FIfU#kZs#e (MB . MLT) RAEHE R
BhA Y EER L,

2.2.1 SFIM Tk

SFIM 75 $it 4 #% & Smoothing Filter-based Intensi-
ty Modulation (Liu 2000) ] , P TEHERN R
R, ZEGBEERNARIT

By, X Bug,
Bsew, = Zzg—m, 1 =1,,6 (1)

k mear ;.

HrR Bpn N RIZF B A RS B W IBHE L)

kSR AEENT FME; B, ARG HEEZR,
FEIAC TR ETM + [ 6 4~ 30m B L B B, M
BB, B ETM + Pan J B¢ (15m) ;B 0

MRS Sr B R AR, B W] LAl i X Pan /EZEJLLﬁfEﬁ
WIHEEPRIRG . AR RA S5 x5 HHHETE
BH T

TR EEIRALFEAY Pan P4 B (B,.,,) £# T
ZHBEHEAGE, BARE T HEILEREL.
XEL AL EREZR (B,.,.) BEESHEE
¥ Pan EARHAT ILEIZ ., BUIE 2R 7 BB
%ﬂi&ﬁﬁ%ﬁﬂﬁ?b&*ﬁﬁ%&{% R E T &t

BRMEMSHE S, AR BEE R EHEERA
ﬁﬁﬁ%ﬁ G, B, SFIM ‘2 3 A 8 10 ok 7 1%
53 252 B A USRS 2 R R I SR R 1
Bk TN E R AR AF R R EAR Oy B R B B O
PR s
2.2.2 HPF T

HPF ( High-Pass Filter) #: & i Schowengerdt
(1980)"° V8 W [ —Ff B F° Landsat MSS S8 (4 & 8
EMWEAF I, JF% Chavez %8 (1991) V4 ) B F

#| T™M 5 SPOT DL Rt = BN EL& Lo HAm
T

Biuer, 22_”’_*_%, i=1,-,6 (2)
-Qq:' BHPFI%?}:I_ HPF 7 iﬁ%ﬁ‘]ﬁﬁ ?;1% FBhgh%
Lmﬁﬂ%{&ifﬂﬁﬁﬁ SRR, BB IR 3
X3, GERE2 AR EALSY K, RKFE
RHAUTHERETF:
-1 -1 -1
-1 14 -1
-1 -1 =1
ﬁ?ﬁﬁﬁmﬁ(ﬁ&%%ﬁmﬁ%ﬂﬁﬁ 2l
RAGIBE BRI R R R E R, 2 AT K
[ S %ﬁ%ﬂﬁﬁz\%ﬁﬁ ZEV I e Bl
Has g PR,
2.2.3 MB {Modified Brovey) T
Brovey A8 4 2 R ff BB & B 3, B R
Brovey W] M54 » HA B B4R B AR
W R, E A EE R R AE R RGB 4
BB UM BIZA AR 3 MR E
R G HEAT IE AL, LR R IR B R B At
SRR IES R (%) RS0 HEN
B (RE) URBemsEERE. ATERETH
3B HWMRY aER", FURAR AW RS
S5 RGB &1 3 M BTG, U2, BT
HBROLTEAEZNHIEFE NMTENES
MU B AT R, BT L AR SCR TR R, X
J& Brovey AF 4 iy AN RAE T HE— B U, [ REEXT
ERMEBGETTHES, UEREZREEERS 52
K5, BHRABRIEE LT
> 3 2xB,,, X By,
BMBL =~ kn (3)

2 2 2 By

AP B, AMEE R, n jJ/BzExi%I Xt F ETM + A]
B6 (RLSMEBLR S o A BALRXS 6 4> ETM +
WEBORM, ATFTERRARXM I MEEZ T 144,
H K45 x2 IR R AR —2, e E)E
AR B s BEE R /D o
2.2.4 MLT T

MLT ( Multiplication) J&— 7l ] 8 iy e bk Bl &
B, EHBERBRE TR FERN T SRR 1%
AAC R P SEE /A WA

BMLTL = ﬁ ;a . B1°Wi,k X b« Bhighﬂ‘, i=1,-.6
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P By, NELE G, BT L B BB
SBEE R LA R 65025, HILBUE (R HER AR
AR J5 HAT LA B B K e BE B . SRR i A
o BT AR 8 75 2 X S 6] B ¢ B AT IA — 4 B AL Ak
B a b AR ERE. AESEREARERE,
AR S RUAL L

3 BhERER TR TR

MR 4 MR EN U X MR GGET TRLS
RLER, SRS EIENE AR, DT RIS
MREE SOREEENRMAREMLEESE =
7 T X 3 4 il S B AT Ay U B A .

3.1 XEREE

AR REE BN REE T UL TE
W EZENESFEERZ MM RE(BEE)
REE (F1). #H BRI & (&
DA EWE S B8 ELER. XTFas
WEBRMHEETHUTARHED.

DIF, =%2;|B;ﬁ-3yk| (5)

b DIF Jy¥Mh2 B ni &% &, B HRHEA,
P BB, R kYR AR AT FIME 0 R
AR B ITH

MARBOA R —F# A BN HE" " M
R AR A BB A R A 7 ik B B B Z IRV
EER AU 4 FBARE SO ERE SRR
BEARREH AR 1, ZWAEKT 0.998, H
e, ARXE ARG RECRAB B Z A /D EIE. 7
O BITIEEREG R BRI AR R 5 RERA
ZIMEESR . Wk, 5IAHFTRZE (root mean square
error, RMSE ) LA ¥eiX — (Al , RMSE T L S

n 453 (8] 0 B2 1) B A L, LA T

(B, = Buewn)”
Z———;——~— (6)
HoAfn HBE B .. WG R BB,
B BIRIGRAREE | BB fE . RMSE {E/), R
B RAR N IETES G R 8 6 1R B BD SR, 4R
BT,

RMSE =

1 MANBSEMYRSERNSEYE
Table 1 Mean of each band of original and fused images
BB WM w2 HEE BRI HEE EEs BEE KES HEE HBT7  HEE RMSE

BHE® 113.04  9.00 91.25 12.87 93.39 17.96 53.09 12.84 73.38 24.61 60.56 22.34
SFIM 112. 71 0.32 90. 99 0. 26 93.15 0.23 52.92 0.17 73.27 0.11 60. 42 0.14 0.22
MLT 81. 65 31.38 73.31 17.93 74. 10 19.29 55.68 -2.58 65. 16 8.22 58.95 1. 60 17.10
HPF 77.30 35.73 66. 41 24. 84 67. 47 25.92 47.34 5.75 57.46 15.92 51.04 9.51 22.15
MB 27.76 85.27 22.43 68. 82 22.92 70. 46 13. 05 40. 04 17.90 55.47 14. 66 45. 89 62.93

HRRERENEE RN T UREE RS BN EmRZE.

M1 FE 1A LLEH, SFIM 3 3B E S5 R 120
EHBRILTP e~ AN ES MRS RG# 100t
BILFY & RMSE (51X 0.22, Ui8] SFIM g &
WILT R B IG H G s B . T MB % 801
BT HIEE M ERK (B 2(c)), H RMSE ﬁao
fEE 3k 62.93, MLT f1 HPF =45 1—3 W EC A W I
BEEM, AR LB EENEY T EEE R O
R, 4,57 WEBNARER/N, #7,4, 20|
5 Y BLH ALY RGB R F AR B R 5 R 4R ‘ ‘
EHRGERHREL(E2). BWEX, BRGIER 1B 2B 3B AR SER THE
R SPIN e 00, KR & e 4, T JRIG A STIM —+ = MLT —— HPF K= M

5,7 WEHOLIE R KB EH B/ T Al e 3

BB (E 1)

&1

Rt B RS RUE AR 5 B S {E X L

Fig.1 Signature of mean values of original and fused images
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o e RMSE {5785 FE #7550 30 13 L 38
32 BARERREROBANE (AR 7 B2 A T2 5 X 1 14
X TR R R SRR B AE (0% VLB LT B4 B Pan U B A B/ B
T REA TR TP EER (Pan) 26 69 Laplacian Y4838 05 B AL T | 9% 5 4 2217
%R T LA T LR RA T A (R 2. 3),
A RMSECAS 6) B . 16 2 55080 -4

A 2 f?ﬂ“w@'—rﬁﬂ%‘?}fg{m BR# 5 M & (RGB:745).
(a) REGHAR; (b) SFIM BB #MR,; (¢) MBRIGHIR; (d) MLTRIGRR;
(e) HPF W &% 1R (MB M@ﬂh‘ﬁh—ﬂﬁ@]ﬂ%ﬁvfﬁ,ﬁﬂjﬁﬁﬁﬂﬁ)
Fig.2 False colour composite (RGB:745).
() original image; (b) SFIM-fused image; (o) MB-fused image; (d) MLT-fused image; () HPF-fused image

( MB-{used image has obvious spectral distortion, buili-up area showing darker brown colour, hut the image looks crisper than others).

R2 HMERBVNREBEZGERRS Pan HRMEXAY

Table 2 Correlation coefficients of fused and original images with Pan image

1B 2 B 3B 4 B 5B 7 W B S E RMSE
Bk 0. 549 0. 630 0. 602 0.710 0.707 0. 622 0. 637 0.361
MB 0.950 0. 960 0. 956 0. 895 0. 900 0. 862 0.921 0.079
SFIM 0.951 0.934 0. 898 0. 880 0. 804 0.751 0. 870 0.126
MLT 0.958 0. 936 0. 899 0.877 0.785 0.739 0. 866 0.131
HPF 0.909 0. 902 0. 850 0.903 0.768 0.767 0. 850 0. 148

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.3 Correlation of each band of original and

SEH)H A 0.637, RMSE 1% 0.361, MR G#B S
HAREZGUMANBRRERERA TR ENR
B, B XA GG R MBMA T &R
HHRmEER, Ky XL MB B LE RS,
RMSE H470.079, H G WK K SFIM . MLT F1 HPF
R (E2),

AW EME,2,3,5 M7 EEMEXERRAX
(42 MB A5, T 1,4 5 B AH 36 3 $0E 8 /9 U 2331
S MLT 0 HPF 1%,

3.3 RGENHKEE

PR X R R 2SR AT 23 W AR 6 FF: (1)
mEEREEHM; (2) REERRAM; (3) FITA
P s (4) HEBE(H);(5) KHE/EH;(6) FH/K

fused images with Pan band &,

RS RERFAREME, ARG ERHER
it PR ) AR R 25 % % R O B R R SR AR 0 R R
IRk, ARG RN T RHIT (1) #

ME 2 Fiz 2 AT LLE H, B T RG R RARH
RO MRRBHETEME, TS ERERRERK,

B RERAR
| FTEeS
. PTWET
. ErRY

B4 KGR EaE ().
(a) FIGRBAEE (b) SFIMBEERAEE (c) MBRLARBREE (d) MLTBE R B 4EE (e) HPF MEH BRI EE
Fig. 4 Classified images of the sludy area (portion) , based on
(a) original image, (b) SFIM-fused image, (c) MB-fused image, (d) MLT-fused image, and (e) HPF-fused image

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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#HE e R R T BRI R B Z A1 B B A R A R
MASGYZE; (2) ERAZGN RAER B A5 HT D
Ko ATHGREEW, I A 8= GE Rt 56
FHRABRERV AR ERET TR, K4 EH
5B 41207 S50 YR A i 5 XA R T 4 28
o

)28 1 H DAL R AT LU ) Bla 2 1 2 240
THRBEZBH TR B TRBARGIHEZR, K
AR RE R BRI E B GHRE  FRiG T,
AR A1, R R XA B XE T RN TR A 2k S A

Wl TS5 B B 4 BRI 2, T 3 3 M , 7
CENCESUE SR ATS i IRl e FL M
B R,

AT H—HWIES RN, U E R B AR
iy SPOT Pan 5% (1998-12-29) # 4T A T##F 43,
FEH ARG N T 101 J7 #07% FE 0 Hb T 0 GE R, TR R
THRESEEIE ., &RAFBRMBIR LB KL
SRR A A ER Mapper” i) %0 3 B 5 45 e 5018 12
MG ITEXF H (TR B AhRE X He ) B0 80 K8 3 B 0F , 340
Y7 VR V8 R T RS S R Kappa B3 (K 3),

RI REZER BEEVENIEEER

Table 3 Accuracy of classified images derived from original and fused images

HRMEBBRILE
JrR/ WA B/ % Kappa % K Kappa 3 fii
¥ B M v Kappa 338

BFE#F % (30m)
FHEL(1—5,7) 74.077 0. 670
H%E2(1,4,5) 75. 037 0. 680 0. 960 0. 010
SFIM Bt & %% (15m)
FE1(1—5,7) 79. 808 0. 740 5.73 0.07
FE2(3,4.5) 83.534 0.790 3.726 0. 050 8. 50 0.11
MB & %% (15m)
g1, (1—5,7) 79. 866 0. 744 5.79 0.07
FR2: (3,4,5) 80. 282 0.752 0.416 0. 008 5.24 0. 07
MLT Ri& 8% (15m)
FEL1 (1-5,7) 80. 408 0.750 6.33 0.08
FE2: (1.4,5) 82.091 0.771 1.683 0.021 7.05 0.09
HPF @& %% (15m)
FEL (1—5,7) 79. 583 0.740 5.51 0.07
FE2.(3,4,5) 81.283 0.763 1.700 0.023 6.25 0.08

IREE R T — I WA R R R
ERX—FRHTERAANTH, TAZEMH . H
HoRZMAENEREGWN T EEERL RAE
74.1% . MM AHZ RN TREEEERA T HE
Mo, Horh MLT B &2 BN — R KB E R,
KET 80.4% , WGBS T 6.3 AT A

AT REENEE, XS E50LKHF
BRI e e 2 [ R HEAT O e T L AR & o2 1
iR R B BN BB AR T R
DE(E S5, £3). WUMAELNWZEITEREERS
—RAEXETH—LHREG(ERI) . BERBZE
WAy Ak HERE T 0.96 MNEA S, M Eaeg

HRILL SFIM BB R EEE, X8 T 3.7 1MNED
Fo BWAENX SFIM BMAEZ BRI ERKERS
(83.5% ) ,WR MM Z G HBERS T 8.5 ~H D
/5, Kappa BZEHEE T 0. 11, RIS K MLT, HPF
1 MB ¥4

BB R, 5 — Rl g BB ER M A B T
Z R RN T BUM AT L 2 Wt 3P40 % 2K fl 5
BRI . MR M ir 280 RN R T LLE
Bl R AL, A B A LU — B R a2k
WE. HR3ITUBFN, TEMEERNTEEE
O B4 T IR GRS AR, LA A DL 38R AR B R R
ERBHTES L, BEREGERN AL
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Data
Freq.

(a)
BS5 H 3 JBRn 4 M (a) AR 4 BIR S BE (b) AMMFEZEERT 61
TR RN A R (L SFIM 238 5)
Fig.5 Scallergram showing the 6 land nse classes are well separated when using band combinations

of bands 3 and 4 (a) and bands 4 and 5 (b}, taking the SFIM-fused image as an example.

R, FHABNRS, LR EN 14 30m 4
PEEMGICH AT Pan JBIA 4 4 I5m p PR
METT, 5IA TES RO ML ER , RIERS
WAR TG A, R B AR 30m R AT
15m, 828 7Y BI AT HE , AR T ZERH5E
B

4 BEFIRNGARN KT

AU B RGR S TEN ISR R AR
4,85 AGRE 30 X4 R RLa T IR PR — 2 I
BRMEAREENGEHES CHUTAXE:

24. 000 ﬁ] 0.000 ||

(b)

G=1-[(P,+P,+0.7P, +0.3P,) -G _,. 1/

(G = Grin) (7)
AP, P, PP IEREF G T IEAER A H
{1 25 T VT 46 B 104 HE PP B (TEA B BB 1—4) 6
I MLT G & 37 6% R L B 18 4 O HEFF 0 2, T
PAHA 2, HZsiE, AP ERES A L M8, T
5 Ao R R B A BT AR A5 R 09 W
P FHE— KT E, I MURFAE 0.3, 4 —
HENERNO0.7, G, AH/NME., EARFIFH 3.0
(PG, =1+1+0.7(1) +0.3(1),G,  HEKHE,
TEARMGP A 12(80 G, =4+4+0.7(4) +0.3(4),
CAEBR, A A RO 8. Wit ®E
H1: SFIM ZZ e By Bl -5 BUOR B 98 Ja o MLT , MB #1
HPF 754

x4 ETEINETHHREEEEAHER

Table 4 Ranking of the fusion algorithms based on the evaluation indices

HF(P) IR EEE (a) ERE BRAE (5) SEREE - 1) SHREE -2(d) BEAES(6)
1 SFIM MB MLT SFIM SFIM(0.73)
2 MLT SFIM MB MLT MLT(0. 63)
3 HPF MLT SFIM HPF MB(0.48)
4 MB HPF HPF MB HPF(0.14)

4.2 EZEUEBSiTie
RiEREE BAEEOLIERENEAFEH TR

EER B PR QPN RIS R A
AZIE SR B T, LURFR RS 20605 2 15 09 0618 4%
i, MAEFTHIFER 4 MR & Rk, RA SFIM 3%
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AL W 5 2 BER Pan B 5 HMEZ B LEE
B, BETE—F. MAE3MBEERHSTHE
Pan B BARE 4B (MLT, MB) 5 R 52 1] 81 40 24
(HPF) SiRE ARV BER M 2R BT, Bt H
A EBRTIRA Pon A EWEER D ERFE,
M3 B T Rt BRI IR R B

EHZEERRANE MBEEE , HE3M
JTREEAR, NE2FME 3 W LUERE-RER
G 1—4 WEM X R — MBS BT
MB Z B 5h  HE R R HE R KM, RAEXRLK
BB XTER A 1—4 B I B AR 2 B R
Pan BB, T 5,7 PBEN 5 HA W F K 2575
BH. HE MBRESRBGTNS,T BEEMIA
M (1—5,7 B £ E AL (A3 (3)),
HE & et E R PRA 1— HENER, Bt
Pan B A LLER AR, KA X R B B ™
THERE, ARG TR KM & HEERARE, &
BB BiEW T HEERREG(E 2(0)),

SERBE BT SFIM BHACIERAE &
WL U KT RN ER R R T HEILA
Bk o EEARIE AR A — 2 2K 07 SR B BRI
A A H R R OB T OR L T 4% B AT, B Al
BEN: (1) AR IR AN B AR T MB % 89 = 5
OB BA . Lin ™ AR BF 50 45 & DL A
7 o T O R AR, TR A B AR & R )
KHREE; (2) MBIERITRAE XK. M THE—-TH
TR ETA 6 LT B BUARIN A Y 28, BUdE 2 )
B AH S L AR BUBIE B9 T, N TITHRTH T H it
BRAENR A ERT B ENREMR. Rt
EREEREN MB A, KB —Jr R KT
HER, XBASEEROEHZEERBAESE
Ko FEFBAFTEICTE R IURIE LT, LB 4R
HRASEE R ERATRS P REE. L,
AR TR ENZE 7GR ENZ
R, T LS 0 A AR B R A R, RS iag
SRFLIE R BB E BARA KR MLT &
He B WRm 16T AR ELBE R A R R 0 SRR B
FEN A NI A BB REE . HPF 77k
WIEREEARE, BAEBRMA RS, 3T H
g5 HiR 48 00 FE AR B AT

B LA AT, RECAT LIS Bk 4 PR R &
B A LRI RERR T AR, EAAEN
AT E. X T ETM + 2 KA 58 Al 38 1 SFIM %
B MLT 3%, %0 T HRCR 893 558 7] MB #0 SFIM

o MBI ERABRKKSMEEMAK(BE),H
BERBEACIE R H/D B B T 4 LUBUR 4 5
HUM R . X THBHIANER HPF Bk, ] U
Ve Fl-E 3 P BUA B R AR B R BORUR . Bl
RLE BT ,4,5 BBORAE RCB R 4G A, 3t
SEHOLTE R BAR G B/, T 40L{5 B Rl ABE 40
B BB T AR BA K SFIM 1 MLT ¥ (X
2). R, THEMEGEENLRA EESD
B BOGE PR BB TN A A5 B BB (9 1, BB 3T
Sr RAES R ENIEM
5 & B

A Landsat-7 ETM + Ei & # @47 & 3h 20 9¢
AT AR 32 R 20 B, BN D I R I 908 £ R B
BRGRHAT 2, W LR R R R AR E
FFERNZH I HNEEERF—RI|"E R
FRRBETERRE, & TEERARERZLIE
SRR PR 30m R EF 15m BIAL A, BT A
T LR 4% 2 ] R PR R OR R R FL b RO B2

BaRBRE O KEENEZIDEEREEZENE
WA, T EL 3% B R A s TR AE B R B — E R
FILERFER T XA S LN, 55 FEX
PTHEER

SFIM 1 MLT 37 FiT ETM + #2008k & LA
SRAFRR LA HALBOR , T MB F1 HPF (1 43 2850 R
FAXIEL 220 SFIM 3= R A Brm BOGIE R B, 1 MB
ERARENRRESMARL,
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Image Data Using Spatial Frequency Content [ ]]. Photogram-

Study on Data Fusion and Classification of Landsat 7 ETM + Imagery

XU Han-qiu
( College of Environment and Resources, Fuzhou University, Fuzhou 350002, China)

Abstract: Fusion of images with different spatial resolution can improve visualization of the images involved. This study
tries to show that the fusion of the images from the same sensor system can also improve classification accuracy of the ima-
ges. Four image fusion algorithms have been employed in the study of data fusion and classification of Landsat 7 ETM +
imagery, taking southeastern part of Fuzhou City as the study area. These are the Smoothing Filter-Based Intensity Modu-
lation (SFIM) , Modified Brovey ( MB) Transform, Multiplication ( MLT) Transform, and High-Pass Filter ( HPF)
Transform. The effectiveness of the four fusion algorithms has been evaluated based on speciral fidelity, high spatial fre-
quency information gain, and classification accuracy. The study reveals that the SFIM transform is the best method in re-
taining spectral information of original image, which does not cause spectral distortion, and achieving the highest classifi-
cation accuracy. MB-fused image has highest spatial frequency information gain but significantly loses spectral properties
of the original image. The study shows all four fusion algorithms used can significantly improve the classification accuracy
of the fused imagery. Therefore, fused images from the same sensor system can be used for improving not only visual inter-
pretation but also classification accuracy due to free of the seasonal difference, various solar illumination and other envi-
ronmental condition differences, and co-registration errors, which are common to the fusion using images from different
sensor systems.

Key words: remotely sensed data fusion; image classification; algorithm evaluation



