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Abstract: Through nonlinear functional transform of hyperspectral remote sensing data, the modified
Pearson correlation analysis can effectively identify comprehensive correlation coefficient (r,), correlation
type, and statistical significance level between spectrums. In this paper, nonlinear correlation the main
correlation relationship type between hyperspectral bands was proved. Based on correlation coefficient, the
adjacent bands’ correlation coefficient (r,) of adaptive band selection (ABS) is to express band
independence, but r, of ABS algorithm cannot effectively express such independence. Herein, a kind of
information adjacency/equivalent bands’ correlation coefficient (r,.), and via this index, the modified ABS

(MABS) were proposed. Using public data and collected private data, the experiments of ABS, MABS(r)
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based on linear correlation coefficient(r;), and MABS(ry) based on rcl were carried out. These two case

studies demonstrate that MABS is superior to ABS on spectral range, algorithm validity and accuracy.

MABS can take both large amount of information and strong independence into consideration effectively.

The spectral range of MABS's bands selection result is more than ABS'’s obviously, and MABS (ry)’s is

a little more than MABS (r))’s. The ranking both overall classification accuracy and Kappa coefficient of
those three kinds of algorithms are MABS(r,)>MABS(r,)>ABS.

Key words: nonlinear correlation;

band selection;
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Pearson F 4 #H ¢ Z& %4 (Pearson’s product-moment
correlation coefficient), Ji5 # F T iR W > B AL 25 & 1
LR VERH S AR, TR Bk “Pearson M€ R B0, 812
T SRR s 4 R AR RN O3 28 SRR b b AT
Xof b AR T o 2 B B L RE R AE 35 () 1 £ PR AR DG T
Xof £ AR OGP Bl = R 0 S5 AT SR A LA R
(Mutual Information , M) i & 3% [a] A1 OG22, (H % 7
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H MR E5L 52 b 49 24 3 1) AROME P ok
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R (1 g B ik 5 5 ik, B A 48 Bk T i (Optimal
Index Factor,OIF) {1 Jy— Ff & 50 i J0 WA B ik 28
FEIB T VA R ) 0 R 0L, R B KA T AR el
NEA S BT EF X OIF ) BB , X1 & 240 55 04
t— gk gy OIF, B [ 3& N7 ¢ Bt 3% #% (Adaptive

spectral correlation coefficient;

hyperspectral imagery

information adjacency correlation;

Band Selection , ABS)# %l ; ABS K K FEAL T i1 & &,
RL25 S 16 BOAH 3% U8 B, O LS 2k A 400 I8 B A 56 Pk
K A B iR B A e 37 MR O AN A i

L ERTIR, Joie MRS (AR OGP PR AN I8 2 D B ik
B LR W R TRE  as ] R T —
Tl 3 2 1 A2 e 5 B A SR AR G 19 i D6 B 3 N B
PR |, B R A Y B A BB IE T BLAR
KL OR] 48 75 5 (8] JE Ze v LR RRAE ) 5 Pearson A 56 &
B AFAE — 2 W OC & , B aT DR B 3 o ) 3 B
5 B AT & M 41k s B 4 /5, Pearson £ 45 A 6
FHOAT LA 7 3 18] B AR 3 AR M RIS R T ik
BT HR R 4R A5 B = HE )7 J5 i Ok B A5 B A
87 R G R Bk R B B A oS v, O E T SR IS
W E 456 BRI A Jr T N 4, 4 AR 2t 4
FfE B AR HI S 454 ABS I BE e vk . e,
PP B PR R T M 4328, IR X oA [ I8 B ik
P45 R X W gy KR R IR 4 28RS B (Overall
Accuracy , OA) fil Kappa Z % (152 W , #F — 25 3iF B %
WEFE 4R L I Be ok 5 0 1k 1 TE R Pk A RT AT P

1 FEERGTHRIVEEEGHERXEL

B 5L T8 Ao 0 I8 B A R R AT 4 i A 2k 1 R U
J&i 1) Pearson £5 5 #H 5 28 %0l LA 4 75 315 8] 1) 36 23
FELRAME RO R, P U BRI R T .
1.1 Pearson 18 3% Z i #f i

S EOCIE AR B AR I SR O s, N
IE $2 Al 2 i Bt 4%, A 0 s Hh 25 3 Jo A Pearson
(U 5% 28 B0 SR Ailp I AR g B R Y — 38 20 0 — >
Z: 4, Ui OIF \ABS ,ASP (auto-subspace partition) .

PCA (principal components analysis) ,MNF (minimum
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noise fraction)Z¥ , DA JG1E (8] Pearson #H 3¢ Z& 0k il ,
Hitm AT,

n

Y (a—a)(b~b)
r(A,B)= (1)

\/ Z (a—a)? \/ Z (b—b)*

Kfon EIEiE R G A M B YR a F1 b, 53 5 Fow
it S B A BB IHS i AR aRb oY B P
AT O 5 B BE s WU A (=1, 10, el R 3R I
B 2Z 8] B 2R M AH RO 5 I Z TR AR

Pearson AH 3¢ 78 B0 H i 1 2 35 18] 1) 48 1 3 R
JE i Z X 3 6] TR AF A 1 Al 2 P AH G RRAE 19 4
BEXT XA ) 8, A 4 35 B2 T A5 S MR i 2 335 (6]
LRPE/AR 2Pk A G R ESY B 3% 5 1 0F AN e W 3 []
AKX RE TSR AL M, I B ML X &Y
TR B AR I A K A8 R A T BB A B IR R T
AT B (AT 48 75 3% () 42 P S A8 R AiE YY) 55 Pearson AH
KABZAAFAE— W R FR, P IZ 58 R 58 ot
Xof U B A B E AT 40 B M pR B A8 4 J5 |, Pearson Af]
O BT LA 1 DT R AR A AR M R G R
1.2 HE4 1% &F T #5 A9 Pearson 10X R

AT AR AR 2 1 ok B0 4 5 1 AH G Pk
Ji ik ok B Ok 4 qE M R Gk il 2 M O 1 e (curve
correlation)” (i) B & , B 1Y 0l g 0 9 2k M ek Kl
= PRBORI B = A pRBCA R OC T AR R pR R, T
BRI 50 R 5 0 pR 5% 4 1) I [) 52 % B A G AR, ELGE
THE AL ERRE 1 9 P B R, WO, BIF 9 3 P X 4
oRI 5 St B A s SO R A DG LA S T
rA, B)=tmax[Ir(InA,B)Il,|r(A,InB)l,|r(InA , InB)I](2)
K r(InA, B) (A, InB) .r(InA , InB) /3 jj| % 7R I B A
FB B =R AE LA OC R LG (AL BYBUCE AT b 2 %)
{H 5 KR, 45 5 B 0B e R I AH X R 7555

[F) L Ll 5 o 2 AT G R 4005 2tk AR OC R 41 n(linear
correlation) , 15 3| gl i#f 1Y) Pearson Z55 AHC R ra:
ra(A,B)=tmax[ln(A,B)!,r(A,B)l]=tmax[lr(A, B)I,

Ir(InA,B)I,1r(A,InB)|,r(InA , InB)I] (3)
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W — 2 TR Bk R N 1) RS HE LA
1.3.1 %81

528 % 45 o HYDICE  (hyperspectral  digital
imagery collection experiment)F 1995 4F 3 B A 1 1% fii
5 X (Washington DC Mall) A i 25 5 G 5% . #E
1% K 7N F1400 pixelx300 pixel , i i F 400~2 400 nm,
4 5 210 N PBLOGIE 73 BEA ) 10.022nm) , B 55 T
AH E BB R OREOR FLNR SE 6 B 2 Ay
Ko EBRITA RGBS R E 191 A R B IR
%5 59,26,16 By BIE N R,G,B 70 & U F @4
K 1(a)) .
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(a) Schematic plot of study area and data
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Fig.1 Data and correlation analysis of Washington DC Mall
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Al 2 S 45 1B A0 B AL KO L 75 ) O A 2 o o AnE(T2)

KRB R i 2 R (3) VB A 0 B 2 o ﬁ InAB(14)

(1 25 45 A 6 R B0 L2 A0, IR 1(b) iz % 0

M 1(b) AT WL, 5, PR i B 2 A) Y 25 A A
KABBAA AR E , IF H Ak 2 v A0 O 2 AL Gl o
SR B 80%) it Z2 T 2 MR AH O, DU 28 R R /MR IR
N T2(63.65%)>T4(18.66%)>T1(17.60%)>T3(0.09%) ;
Fowk, Bk B A A R S i i B 2 TE] i A
KA Z R 2 AR SC B T2 B AR AR O, LA 28
AH AT 30 A P B B, X PR 2R R R o L 2 ik
94.79% ; fic J , V&l v i B E T NGRR3R 4R P A OGP
WFSE I — 2o 2550 1, G B A U B TA) A AR DG
R, AR O B T R 3 o — 2R 80 B 2 B /N O B A
1.3.2 %52

S 56 B Sy B TR Y OGBS AR AL T 2014 4
>R B 1Y) T T W B 3T R A DX IR, EROBORE DX R R
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(AT WL JE RE £ 41 ), 3k 3% 840 AN 3 B Ol 1 43 Bk
Jy 0.727 nm) , X B MR 7S R4 RN O B S, LA 4 8004
W B s T AE R B RS A B T L K U B
FRIRZR 1 FIbRIRZL 2 46 7 Bl e 26 Y . B360, 189,69
W B Ay e R, G, B 4 i & RO 4 18 (] 2(a)).

550 1 R 0 BCHE AL B O R AP BR 15 3K
S5 KA BT A I B W 2 ) Y £R G A DG R RO SR
R A AR AL a0 B 2(b) IR .

& 2(b) 5 & 1(b) Xt kb ] UL, &l 2(b) 2 it i A6 L
MR (1) AR PE A G AL G B Z 5, &
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(a) Schematic plot of study area and data
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Fig.2 Data and correlation analysis of Haiyan County

73.85%;(2) LAAHAR AT 100 4S9 BEAH], LerEA 5 H
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48.74%) , KX P S TR 6 30T ) 5 B 1) A8 AH SR Ak AT
A BAE IR AN 5 (3) BEAL 5 BT IE TR AR ST 1
[ 56 8 1) — B 4538 A — 2, A BB 23 BR 1 ) SR
ik, I HLX SE R AIE 5 5638 FB A /N ek

2 FEMEMHEXE ABS FFBE K ERIEE

22 S ABS 5T 7y 5] e b o 22 AR PR A OC &R
Bk 38 P B AR BB AN ST PR RN A TR R B S
B A AAE 2 1 A R 10 Z5 S A OC R B ABS HEAT 2L
HEE S JEE ABS [ B R AL dE B A LU, R i ABS
e B AR SR AR O R E AN I, I 3 ) — A (5 AR SR AR O
FBN IO B 5 S AT 6 LG SR SR AT .

2.1 OIF #1 ABS #f it
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(2) 7 Ve BE o i R i B 5 Al 38 B 1 AH OGPk
BN

(3) JE1aA] 3 1 BE & AR 5 DX PN 28 00 b 0 1 T 4
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G % OIF f fe I, X1 48 41 25 V42— F sl 0 g%
OIF, il ABS B (/4 3% (5)); ABS K K A1k T 3 4% £
Bk EL7 5 3 ) S B Uﬁ

A= ® foy T

S r A1 re 85 10 B JG 7A BE B2 AL 9 {Z S
Pearson 2 P4 A OC R 8 HAL S 80 S B SO TR . féOA-
2.2 KERMAMEXAIE BiEBAE 3 02

Pearson 1 5 1 1T 1 i B 3t S 1 , 41 5 76 I
oK, W0 i B 6] g ST M /N 5 R 2 AR 4% . L 1(b) Band number
1 2(b) A L, i B 5 1 AR 40 1 U A Dl B i A 6 gfﬁj

est

PER SR BT T 1, T A PR R A U B A A OC T
PN e/ MEBE T 00 B, B8 B LB B
AH 4B Al 2 £ %4 r.(adjacent correlation, 2% X (6)) % ¥t
1oL 38 U B 5 A BT A I B s M, B —
iRk 71 .
Fo(D)=(ra(i=1,0)+ry(i,i+1))/2 (6)
K are (D)5 1P B B BoAE 4B A ¢ R AL, HoAh =
BZH R AG)E L
B3 RN SIS 1R 2 A B A
e B AH & R B ME Fnean (A (7)) I KB Foa (2
K (8)) I NMAE i (2 0 (9)) FNAH B AH O R EL e W]
Wt 5 o AMUEA B ED —BMECER 1. W51
LA R r=0.768 3, P=0.000 0; 52 5 2 W ¥ 1
LM K R B r=0.999 5, P=0.000 0) , H.#H 22 A K (5%
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Fig.3 Correlation coefficients between a band and other bands

B 1. W 22 E ¥ {H N 0.001 855; SL&; 2. ¥ 22
{EL I B AEL A 0.000 122) 011 7o 5 Fean WA HAT S 75 P
JE(SLH 1 W H A A r=—0.041 2, P=0.571 2; 5
B2 T 59 A 3 £ r=0.282 2, P=0.000 0) ,

2 i -1
rmean(i)zj:li (7)
n—1
rm(D)=max{rq(i,)lj € [1,n],j#i} (8)
Foin(D)=min{ry(i,))lj e [1,n],j#i} 9)

Aodon R A WBRE, HAb s 2 RS H ARG
L.

ST g R, e A B 5 A T A i B
PP F 5 ro SR re A EA QM B0,
Foe K 22 K e B 0 2 ST PR 9 07 0 9E R 4

b, WG AR B b, RS B S 1 HE
5 B, :b, b, - b, , - .b. {E k fi B ¥ B4
165 by, 15 B AR 2 CH D) 59 3 B 91 o b, 55 4R 48
W B 00 AR 6 P /N DU EG i Sy P R PR A
BB AP AR 2 BB s 156 T A U BE O bR o,
TR o (/N X i B AT HEIE 5 SRU5 TR BT
T re B Z P B P

re(D)=(r (k=1 k)47 (k,k+1))/2 (10)
A s re W BB B ) 15 AR 48 4R 56 &
Bk Sy He BE B B A5 B HE U (sort) S5 1A @ ik B (B
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B ) %F W 07 B s k=1 F k+1 20 B R @ PR B (U 40 AU B g A X AR ] 4 B (19 R LA 16 A4
B ) TE#T P Rl G B BT . B A, UAE B W B X AR ], HKER 4360 T/ 40 LAAh; 525 2.
AH 4B AH 5 45 4 1) MABS (modified ABS): HIT 40 % B 5 58 4 0 W AH A, 42 0% B2 (800) X A7 46 4~
MABS= (1) BCBRXSREA I, LIS I3 AR 200 LLSR) L

G SEF R 05 3 B A R G 4 G A A 3

ETE 57 T MABS I ABS 27— WA g gt v i MABS(r) 5 MABS () i3 3 B o7

J¥ 5 A5 W 2 FEAK HE N i, MABS BEBEAF MO 2 1R 8 2z i Ao (5200 1. 77 40 S B P A 28 A R[] L 4 ik B

iR IRV Y R
2.3 SLIESHT
231 KBES‘FLER

F 1 R T A SE I i U Bk FR A R (HUHT
40 P B, Hok, o g bR e 22 HE P s ABS (n) il ABS
(ra) 535N T n Florg (19 ABS 3EFE45  s MABS(n)
M MABS (rq) 735 05T n Fl rg ) MABS 3% £ 25
Fo AL, ABS(n) Fl ABS(ro) I 25 A A ,ABS 5 o

AT 82 ANORTA] 5 S 2 | 200 U B AT 187 R,

S B 703 SRR, X H ABS 1] B Y £5
B RO ABS ToAE AL i X MABS 5 % % 1
M, A, MABS (1) fil MABS (1) 4 5l 5 o 445

22 AR K (52 56 12 i 3 76 /T 40 I B 58 4 AN X I, #E
AU B 129 AR XS R 5 JE AR AT 40 B BAUVH — A4
XF L, AE A U B 116 AR XN o SEEG 20 B A Y i
200 P B S o BAHATR 4 3 B 703 AN AN X R , X

TR 45 0 P AH F (B2 5 12 BR 6 /U B IR A, i Lt ABS A] WL, 7E 3R 35 W B Sz Pk 7 1, MABS X A
T1BEREERLS
Tab.1 Band selection results
Former 40 bands
Test 1 Test 2
375, 374, 373, 376, 372, 371, 377, 380, 382, 379, 381,
62, 43, 63, 48, 47, 44, 51, 50, 45, 42, 46, 59, 61, 49, 40, 370 378, 383 384, 360 368 385 367 386 366, 387
o 52, 41, 58, 68, 67, 69, 39, 64, 37, 36, 38, 35, 66, 55, 34, ’ T e ’ 00 ’ ’ ’ ’
170, 53,33 32, 31. 65, 57, 98, 27 365, 388, 364, 389, 363, 390, 362, 391, 361, 392, 393,
P T T me T T e 360, 352, 351, 353, 394, 350, 354
375, 374, 373, 376, 372, 371, 377, 380, 382, 379, 381,
62, 43, 63, 48, 47, 44, 51, 50, 45, 42, 46, 59, 61, 49, 40, %73 378, 383, 384, 369, 368, 385, 367, 386, 366, 387
ABS(r) 52, 58, 41, 68, 67, 69, 39, 64, 37, 36, 38, 35, 55, 54, 66, ;’65’ '388’ 364’ :389’ '363’ 390’ 362’ ';591’ '361’ 392’ '393’
34, 70, 53, 33, 32, 31, 65, 57, 28, 27 e ’ ’ ? ; ’ C ’ ’ ’
360, 352, 351, 353, 394, 350, 354
o 375, 374, 373, 376, 372, 371, 377, 380, 382, 379, 381,
sty B B AT 1. 3045 42,0, 300 0149 A0 Sy g e, o0, o6, 85 367, 306, 306, 9
Ta s 90, B B 5 > > > s s s > > > S apE < . apa B . . p 20"
: 4, 389, 363, 39 2, 391, 361, 392, 39:
34, 70, 53, 33, 32, 31, 65, 57, 28, 27 365, 388, 364, 389, 363, 390, 362, 391, 361, 392, 393,
360, 352, 351, 353, 394, 350, 354
3. 81 14 77 72 62. 63. 43. 39. 13. 64. 70. 76. 12. 66 144, 492, 491, 101, 100, 495, 516, 99, 482, 98, 517, 485,
MABS(r;) 11’ 48’ 49’ 61’ 69’ 10’ 90’ 46’ 59’ 53’ 35’ 37’ 54’ 58’ 65’ 97, 96, 519, 95, 520, 522, 321, 87, 481, 477, 86, 479,
! P e Ty e T T U T T T T T T 070, 526, 85, 474, 84, 145, 532, 83, 82, 81, 533, 80, 534,
41, 81, 29, 22, 31, 82, 55, 60, 26, 71
217, 79, 164
83 81, 62. 14. 63 43. 72. 77. 39. 13. 64. 76. 0. 12. 48 144, 492, 100, 491, 101, 516, 99, 98, 517, 97, 522, 519,
MABS(r) 66’ 11’ 49’ 61’ 46’ 6;)’ 59’ 53’ '10’ 9;)’ 35’ %7, 41’ 58’ 54’ 9, 95, 520, 521, 87, 495, 86, 526, 85, 84, 83, 532, 482,
fa P T e T Tt e e T e w81, 533, 80, 534, 485, 82, 79, 535, 78, 536, 477, 77, 170,
65, 31, 81, 22, 26, 29, 60, 82, 71, 21
145, 481
K ZHR A e B B BH S R AR H B AR RN SE 6 2 ) T SE B0 204K Uk BE B HE) T
232 fRiFLHR 45 B AT 20.40.60.80.100.120 140,160,180 .200 .
T B AE MABS £ 25 A RE, A RIREs: 220,240, 260,280 45 14 Fhk Br Al A, HEECES M
51 (R kB HE 7 45 %Hﬁ I 10.20.30.40 .50 .60, B F52 A0 K D AR IR 1 AR IS 2 FIOK R B T
70.80 5 8 P BLAL G M GER IR LB ST MY AT T B S (s R DL B B R 4y
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2% MDC (mahalanobis distance classification), 3f- it &
Gl T & B A 4R80T B OA F1 Kappa R E(F4),

0.90
0.85}
0.80}
& 075
o

¥ 0.70
<

o 0.65}

0.60} —9—ABS OA —o— ABS Kappa
—=a—MABS(r) OA —=—MABS(r)) Kappa
0.55F —a—MABS(r,) OA —a— MABS(r,) Kappa

0.50

10 20 30 40 50 60 70 80
Number of selected bands

(a) 9255 1
(a) Test 1

1.00p
0.95f
0.90[ ¢
0.85[
0.75(
0.70[
0.65|

OA/Kappa

¢ | —— ABS OA
0.60} / _5 MABS() OA —=— MABS(r)) Kappa
0.55} ® ——MABS(r,) OA —&—MABS(r,) Kappa

—— ABS Kappa

0.50 . . . . . . )
0 40 80 120 160 200 240 280

Number of selected bands
(b) 5% 2
(b) Test 2
& 4 A T 3B B 20 4 3 28 45 1L 11 5RO 2 1 Kappa 7 %
Fig.4 OA and Kappa coefficient of classification with different

band combinations

& 4 v, ABS(r) JABS (ry) Fl o 5535 78 WG 4> 52 56
I 2 BB G S BOR  B R — R S
7k ABS.

AL, g2 1 (B 4 (a) H, ABS \MABS (n) Hi
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Fig.5 Classification results of test 1(selected 60 bands)
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Fig.6 Classification results of test 2(selected 160 bands)
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