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Abstract In order to improve the space resolution of hyper-spectral image by fusing the spatial information of
multispectral images and the spectral information of hyperspectral images, a hyperspectral image super-resolution
algorithm based on relevance vector machine (RVM) is proposed. A brief introduction of the principle of the Price
method which fuses multispectral and hyperspectral images to get the super-resolution image is given, and the RVM
linear regression is introduced. Combining with the advantages of RVM in regression analysis, a resolution
enhancement by revealing the corrspondence of the spatial and spectral information is gotten. The experiment results
show that the normalized root-mean-square (RMS) is lower than 0. 001 and the spectral angel error is lower than
0.02, which gets a great improvement compared with the results of the Price method and the Elbakary method. The
method proposed has a significant result in hyperspectral image reconstruction, which provides a much properer data
source for classification, object detection and recognition.

Key words remote sensing hyperspectral; super-resolution; relevance vector machine; information fusion

OCIS codes 100.2000; 100.3020; 100.6640

1 3 = BT R R L BR T A ) R AR B AN T B Rk
P R R R B Rk Ry AR R R T T B R Y S PR T

RS B HEE: 2013-09-24; W BIME R HHA: 2013-11-10

E&WE: EXRARPFHAE61271348) At a9+ 5 5% B At 50 i BHB 21 (2121100006112032) | 28 e V148 =i A L F
THAEAERENH

TEERI A : The RA977—), B 14, B8z, 2 2 ok ik R A 3 % N R 5 T I AF 5T .
E-mail: nk_wxf@hlju. edu. cn

s114001-1



i

# ot

37 FH T 22 b 450 058, B g o e 00 300 A BB ) £ R TR
U AR I AR R B B L AR
WAL 1 g B B B AR A AR R A 1 AR A R L 20
1R W L3 (IFOV) SR IRBUCE Z /9 6RE - ik
BOEMR Y 23 8] 3 B Bl G35 4 P % 0 3G 5 1
Rt o (75 i D 3 AR 1 2 ) 43 B 8 AR X 341K 25 0 —
A AR BB RS TR0 S SR — R A )

8 SR R SR A Y T A BRI AR B T B R RE
JE— A BRI 43 B R I 1 R R Y
R A EEA BRI K . B URHIE A L3t
U T X MG 43 FE R B g R B (S Ak
PR AR B A . R RS 4o =
2D g EUR I o BER B 2) )P 81/ Z i AR AR
o3 WA MG 4 W A5 ) I AL B R 5
Ik EUR AR B R B R Bk

T AR SR B G 43 B R 5 SCER BB AR P AR S
e KALSR T B K 6 M 2R A 3 1 2 800 1 28 0 ik
R PRI T 5 R 6 R A R B X 2
BEEROLIERBR T HEAREZ¥SEART T X
TE o A — BB I F 18 0 2 61 R 1Y 43 BE
R A W] DAHE) B = 0 R b R LAY 5 B
PE RN BE (THS) #1350 53 BT (PCA) B #1555 )
Hb AR L OGS B BER T L 26 R 2 (] 4
P 2 T FLE SR R B R e B R R
E G E A AR — e R TIRZ R 2
DG EIME 5 e 63 B A5 SR A i Oy 2 S By R
WSRO, Winter Z00 3 2 X EiE T
FIH 22 063 B & 615 R AT 43 P 31 5 i 7]
1. T Gomez 5 R /NI A T B0 R 4 2 63
PR Y 2 () £ 2 Fil 5 2 8 D6 38 Hiodis b o 7 it B il
bk G LA SR T T = 4k (3D NI AR £
Tk B G ER R Rl A T R AR B
B IAT 2256385 19 23 6] 73 PR R F0 w6 BHR B 635 o
e I 0 R A S o K 2 R AT BT A S
%, R G T B R 4 s R 1 A [R] B

53 PRI G Ak RO B T — AN E S
RPEE 2 2] RS SR B T v o T N SR g R
TR AR 3 PR 30 B R R AT 22 20 T A5 2]
TR e a2, mobik R G
ML AR E WA Price %Y, Elbakary
S SE I 4y 7 1R 7 AR Price i 880 325 iE 47 etk
Xof A — A0 1 N Price 8895 X R AT 43 P 58 4
S B AT T AN 1 A BRI SR A O . B Y
T AR T — L T B 2R 14 3 R AR

05 ikl o) i 7 A AR R 206 KR Z 1A
(1956 2% AT A5 21 g 25 6] 20 B R 1 20638 1R . X
T3 AL AT LAl AL 27 > 5 8 U0 B B R
i T S o S A B NS ) BB AR AT K
L HEAE R R MR E R SFEZ I
A LT3 — T S AR IR ) o AN BB LA 19 5k
HEL

2  Price Bk

Price $i& H 19 fff F 5 25 1] 43 P 4 B KR (2
Jeitk ER TM EHSO SEAT 8 R BE Wi 4

1) 5%t 4 o PR 1047 43 6] 7 ¥ R R R AR K 43
PR BB 5 2003 BRI FE /N R A 210 10 B 5y
BRI A0 R 5850 P18 2 06 1% GO0 R S A
HEAT SR A -

Xy = @Y s+ br (1
N Xy [CERAK S HE R 200 R« A B
BEME. Y. ARELOEGESPEREWER R a
b ARFFER R E . STk 3 5 fe /N3 O 1L UE 4 A ok
KIFESEL a: T, 195

2) % 1 A 3R A

Loy = a Y+ b, 2)
L YU H PR 2 ER.

WXL Z000, AN REAT N i 26 (1 1 5 45 51 L T 7
BT E R ER T =L /Lo,
I L 189 (1 56 7 X 7 4 6 43 9 R R I 1% 3K (S
B A% T R AT 8 1 15 A BB 15 B S 4 1 4 Bt
0 5 1 B .

.
. anc
meg ::‘447%““‘;’ (3

BT Zy, S 1 5 HE 3 SR B 2 s Zi, R
L Zi, | =a Yo+ b, LS

N2 ST IR H R 0 S 4
{50000 )3 3 A 91015 2038 19 T B /e 2
] 1 A 01 6B 2 3 A5 0 1 245 P e v 7 2 0
190 A 05 e T 192 ) W
505 AT ERA 10 4 0 0 40 B GF 7 19 W 6 %
L4 19 A T K 2 B A LU
P AR R 1 2 G SRR 5 R
T A B R 1 4 (6 T 4 2 ) AT
HORISERE . A B . 25 5 A 10 6 1 4
B FL G BROR BRI B M 22 00 % 2
e LRI R BE S S PR ES T

IR A IR 203 5 4 B B 5 i 6 12

s114001-2



E e REE

A 5 i) ALY R DG B RO ) R I

2% P B F] A AH DG B i — 28 il T 200G I R i A
A G 1 R GIg R A R P B, i T f ] WL
J6(0. 45~0. 52 pm) , A WL 2% 5 (0. 52~0. 60 pm)
Al WLZL56 (0. 63 ~ 0. 69 pm) | T £1 4F ) (0. 76 ~
0.90 pm) FLLAME (1. 55~1. 75 pm) K& (2. 08 ~
2.35 pm) X 6 PNPBEER B B T HLET W
SGELL AN RS E I (AVIRIS) JiF I 1 410~ 2450 nm
TR R RAE H R OEIG B TE L R A Z W
BA BRI CE . X AR (20 X7t a) LATG 2
Z 6185 mOG IS Rl A i R o R A 5

Xiws, = Doa, Y 4 b, (4)

B X, A A B 00 9 PR A D B 1 1R
(LY WA B 1 200 8 R 4 A B B A
(@&, B0, R REL

56t (511 437 1 75 » 4 SR 4k 5 0 P A 3 0
U1 434 SR AR BB, b, RS Y™ 5 X HY
S 6 % DU R e 2 e T 4 M 1 4 K
B AR 6 1 O SR T B — 2 5 1 1
S -1 28 0 o o LA L 5 R A )

JETBIL ' ofe 52 G AT 55

3 MK ) AL [ 5 B
XF T —4E H b e& 800 8] 5] & i e Y 2R 4R R
(ot by FVAR BRSO OR A 4 A BN I 7 1 55 25 Y
AL B
t, = y(z,5w) +e, (5)
e, a— DT o3 A R R S JE R AR R B
EIEFEE T 2N 6" Wm oA fle, ~ N(0.6°),
H . p(t, | ) ~ N2, |y () 6] w1, 22—
BHER y () s 057 220 o 1 i 30 0 A1 o AR DG 1] 2 1L
I Je 1 I AR i) 278 08
y(xrsw) = Ew,K(I,I,) =+ wy » (6)
At K o) S B B o, 10 A I
FREOA R F 1 1] B R AH G ]
AT DLA B AR B8 (e, pl R AH LM ST Y BE AL S
L A5G (D) 2 WITZRER B RE 00 A1 e ECh

(| w.e?) = <2m‘—’>*~w~’2exp(—

1

26"

Hz—qﬁsz), (7

A=) v w= (i ssw) O RE—NN XN+ &G A 6, = 1.4, = K(x,, .2,

PRI TT PR AR SR A T TSR A A5 PR AR

pGt” | ) = Jp(t* | w,6%) p(w,d* | t)dwds® = Jp(t“ | w,o)

p(t | w,r?“)p(wm‘)dwdagt (8)
@

A2 AL (RVMD JE W B — DS 80 LT — NS R 0 i R BR . SRE 51 S 8 B8R
BUESAT — 5 I S B0 T o H AT BRI A 23R, o wo I F A K BT ME R A =I5 FE 0 i
I IEZ A0 p(w, la) =N(w; | 0sa; ') sa=[ao a1 saz s+ san "o N

N
p(w‘a):HN(w; | 0sa;') = H

AE N B — D AUEBCE TSRS

N 2

I &exp(* a';U' ), 9

XF T 45 58 — A BT A 5 o A LAY AR BRI ¢ ) o3 A

p = JM t" | w.as ") plwsasd’| 1) dwdads” » (10
ST p( [waasd® ) HL B ¢ B w 55 o® ELHEAR S o th T /R AT S A 51
p(l‘% ‘7»@7(15(72 ):p(tX ‘u'vdz):Nl:tx‘ ‘y(rx ’w> ’62]’ (11)

AT SEE 25 R DL S o U R AR B i R S B IS S A

p(t‘w%lvﬁz )[J(w»asaz)

) 2 fr—
P(uaa»a ‘t) p(f) ’ (12)
AT (&) A 5y BT R RS S o an ks -
p(UJaa?O‘Z‘t):P('DU‘Z’MXaO'Z)p(Q/aO'Z‘t)? (13

XFF () XA F A — I, al BT

) 2y . o 5 _
plaw|traroty = LULweDpGola) gy vine ‘2‘71’/Zexp[*%(w*pﬂ2 1<w—#>] (14)

p(l‘a,(fZ)

s114001-3



i &

# ot

T
2
RPFHEAAHTE S = 600+ A A =

diag(ao s 5" 50(;\") ’ﬂﬁ 7 6722©Tto

p(z\a,az>::(2n>*N”\xz\*”2exp(—— ), (15)

4 RVM [E1G 7y 3R 500

A T HTE RVM [ 05 53 87 1 Hailt , mk w] LA
RVM SE#EN Y 5 Xy B9 AT B 5 R 5 DA 55 B A
SCHR A P e 3 18] 43 B 38 10 22 0638 ok X e Dl i (K18 i
i P omiiyk . BARuF .

DRI 73 B RN R KA IS 14 2063 K8 0
B K AR BE . XF T2k Ag i, (o n]
DSEL(E

P = g (Y3 (16)

Ao Xt AR B m GG BRI B 75 & A
TR FEAE L Y S B O BE R ) 20638 BB TE 5
ke AT EOGTE )6 g (YO SR X Y SE4T 1 5 A
MREGE S

ol 7 QN E B T S s g RO | e R e
B R T RVM X o) BF 375 1 B 5 56 R kA7
flivt s BEL Yie kg AE . Xe S B br i (E xd
RVM HEAT IR g7 Yie Bress (i 5 X i fe
23 [A] ) X o 6 2R 5

24 A 2Ok B IR AR Y L Sh B K A /A A 4
BB AN BT 5 R R I 0 2208 % 19T 45 0 7
IR, 4555 & METIEIR Y, fAE] g (o) 0B
K1 D) 1|

L, = g (Y1) an
S Zi, ACHH A BB b A6 o (0 G
TR 2R S IE 43 S U5 L5 50 % I o
BRI
Z = Zia,  Xi" Lo, (18)
A Zim R G I (R4 e R RS S 4 k A
BYGESR Z, | BRI R i, = gu (Y7 it
FLHILE . W AT X I 20 ER R
BT DK A I 758 0 S5 A 0 43 B S B 1 45 1

5 PiESEE: M MERE ST A

1IN RAS ST H B SEvE MR RE L S50 A Ry
400 pixel X400 pixel f) AVIRIS 1£ 845 4 1) 35 Ho 3lE
RF 4 B 5 DG T R R AT A ) FE R AR A 2 — 1
s ) 43 PE A28 1 DG B L 4 B 22 00385 AR 2 500
HOGTE H R A 2 — MR & 2 (8] 23 BE AR 2065 R .
Horpim e g BHE R/l 100 pixel X 100 pixel ., 11 225
T EHR K/ 400 pixel X400 pixel, B —A> &5 563 &
BARZR JON R T 20615 R 4 X4 4> i1

ik (avg)

L S, (0 MR PERDOEIEEE; (b) 206 4dR

Fig. 1 Experimental data. (a) Hyperspectral data of low-resolution; (b) multi-spectral data
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Fig. 2 Comparison of the experiment results in different methods. (a) Price method; (b) Elbakary method;

(c¢) proposed method
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Table 1 Error of resolution enhancement in different methods

Error Price Elbakary method Proposed method
method 5X5 10X10 20X 20 5X5 10X10 20X 20
RMS error (normalized) 0.019 0.0014 0.0027 0.0034 0.0011 0. 0009 0.0012
Spectral angle error 0.068 0.035 0. 046 0. 048 0.025 0.016 0.024
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