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Abstract Hyperspectral images are nonlinear and have a strong inter-spectral correlation. It is easy to lose some
information when using a linear method to transform the dimension of hyperspectral data. In this paper, the kernel
function is introduced into the minimum noise fraction (MNF), and the kernel minimum noise fraction (KMNF) is
proposed. The data is mapped to the high-dimensional feature space through nonlinear mapping, and the minimum
noise separation components are extracted in the high-dimensional space. The hyperspectral images have a strong
inter-spectral correlation and a spatial neighborhood correlation, and the weights of the two wavebands and the
spatial neighborhood are used for multiple linear regression processing to accurately estimate the noise of
hyperspectral data. The constrained energy minimization (CEM) method and the matched filter (MF) method are
the more classical methods in hyperspectral target detection. The KMNF is applied to two classical target detection
methods, and the airfield data from AVIRIS data are used to carry out the hyperspectral target detection
experiments. The results show that KMNF can well highlight targets and improve the detection effect and accuracy
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of hyperspectral targets.

Key words image processing; kernel function; minimum noise fraction; spectral dimension; target detection

OCIS codes 100.3008; 100.4145; 280.4991

1 g &

o S B LA AR R 6 4 FE R FE T OG-
T LT A X IO 4 B R AT DLk B 90 K 9, e A8 R
Ho PR ANTORE B A B L ROGIERARER T
A YRy R RS — Y B ILE B
JCTERHE . = GRS AR AR T AE E R AR DI S A
A URR OB T AR L G E AR R O B 52 3
AL AH G SC BB W 2 R OGRS I B A
23X A i T U A R R B K ), o] 7 S i
Y 2 78 4 R = 00 & A I B A U B AR
REE, Staab W4T IF IR T 4 E K S B
(PCA) Fl e /N 75 43 85 748 45 (MINF) 553 [ 4t )5 1)
Hdi 5 5 a6 4 BOBOHE E R AR 0 25 b A A6
e N RO TR e ST IN o 2 € AR S e e =R Y (94
W R /N RS A B AR AR R A IR R AL
HRAY A A DL RIS MNE B 312
WRE i A /ME(CEM) J5 i i, MNF-CEM #2551 &
Sk H AR IR RS B . K A% R 5] A B MINF b, 1%
/N 4B AR 3 (KMINF) S dE 4k ¥, KMNF 5@
T A 2 1 e SN 5 AT L 4 T e S ) g 4 )RR AR
ZS ] e, JF AR RRAE 25 18] rf HEAT S /N MR 4 B R A
B AR B KMNF BG40 3 B 19 38 22 P e
KMNF 8% T MNF, I8 5K, WS ok BOR 3k
r A U6s 72 i) A A 31 v 2 2 ) L S T 2 60 3 e B R
By Bk ik 30, Ok B A0 0 R B AT T
B MBS KMNF B 2 5 6 1 AR B E 42
HCrb ) S 1 R WL (SVMD X RIS 354743 24, 36
B T B ROR .

KT EGIEAREMM R EAEREZ, WILKE
S F i P (SAMD (VR B8 I (MP) )53k 7. 4
WHE & f /MME (Constrained Energy Minimization,
CEM) 7351 . SAM B )12 i T il 43 2
H AR L 38 1 b3 FE R IE ot 5 H A% o0 16
F RN BEAT B AR RN . MF J7 2 R 4 o FC I B
He AT A AR B AR 5 AR Z T IES S0,
W AR KR T B H b5 5 75 5o i E 2Ok B
PRI . 72 CEM J5 ik, B 58 o SR 4% 5
A5 Ry AR RS S R RN R R
A RAIEM . Geng % WHLE FUEW T MF J2

T CEM iy, H Bl % W% B8 H /3% £, CEM B K
f 11 P BB R/ o BB TR B T A A AR DU R AN ao i A
i s A2 H AR G A & B AL B RN

A SCOK KMNF 5% 48 1 i D615 B bR 000 Jr 12
CEM 1 MF 456 , 31 F] H 28 #0.5F RHL37 s i
77880 UE. M T KMNF #9338 8 5k, AR X
M S R R — B o AT S, IR AR R
W], KMNF 5 MNF # [t , H 7 8 90P: F:1E (ROC)
M T 7 m AL CAUC) I 3K, B B 32 = =t B
P B4 0 RS B

2 HARHENs ik

AR EEWHEH W) CEM F1 MF A B b5 5
W7, SO A H ARG E B e, A 1 B bR 2
05 ¥ 92 BT AR AR 00 G 1 R s B A FE A Y, 8 o A
R FERTRY 3 ALY O TR G R 45 SR AE R T
i R OGS 43 A7 5 VR IC VRRAE 25 [ 4% 52 ik
B 6 45y R bR AT S AT T . CEM
PRI LA Ry 3 T {5 5 DL 09 B AR 2800 5 3
MF J5 2% Al LA UH Ay (B 5 A6 36 1) 7 12

£ CEM 38 X — DUk s w i

Y,=w'R,, i=1.2,.m, (D
K.Y, ARG T 145 R0 R E T
SR, RN E GG AR s m R TR H
w=(w, s sw,; s sw,) s Hw, B ADUEERY
Sri.n N EOGIE AR B BECE o U fE
E . i1 E 818 & /N B0 52 AR 0 F X 5 i g =

/s

1 m ) 1 m
E :fEYf —W{ERI.R,»T}W =w"Mw, (2)
noi— m i=1

|
M=— > RR', (3)
m i

CEM J5 ik B0 AR A E 38 BB /IME, A
T 7E ARSI o 20 0 8 ¥ 59 AE A . 55— BRI
FAFR
w'd=1, D
A d BRI A FROLTE . e (ORI T E |
/N TR R AL S w B DA TR AL, A B A% B H
FeHL B 2R A B AE B A T AR IR (B 15 3 w B
s e ik 00

1210028-2



F58%F F 1281/2021 £ 6 B/HAEXBFEHE

5

MF 31§ 5 i 2 B2 AR 4 0 185 1 80 ok R A7 H0 501
TE DG 72, 6T IR B OGS AR BTy H L A
G AR B o [ R EE R, MEF P AR (wae)
1 CEM JE B AS (wepy) TEZEHE BA —SERILZ At .
MF J& Uk 2 ikl

K '(d—1t

— , 6
d—t)"K'd—1t) )

Wmr

S =0, 0"
:EVP K:Hl

e S n X1 Y1)

m

Sr,
i ;t:iZI ° ﬁFIUEH WcEM %nWMF ﬁfigﬁlﬁigﬁjﬁiﬁv

HH
ST BB 40 L) bR A S B
3 KMNF Filg s
3.1 KMNF

ol 1 5 i AR AL e R IE 0 A B
I

X=S-+N, )
X ARG EE S FN A 5 G B
WGl MM s oy i, fad &tk MNF 5, &b
TERCIE A% 5 W LLHE S . AE MNF o, 34T % e s 43
BONE) FEAT fe /M Ab 38, 7S 23 400k W 7y 25 L
D5 2 00 H AR L OGS B e X R A RE N VR
Ab B

aTZNa
Ny = — (8
aTZXa
1 a'28@ 4'X'Xa o
Ny a’]‘ Z\a aNTNa '

Xt a NRFAE ]

R AFAE— AR R MW 6 % @, T4 X MAJEE
B4 AIE % 8] (R, W 4T B B /E Hilbert %5 [ F
J:Ul:,ﬂ[]

R, — F
s (10)
x > d(x)
EAEXFAEE x, x €EXHH
E(x, x')=(D(x) s d(x")), (1D

A (D(x) « D(x)D)Y IHNEL, WEE L (x. x)HFR
N Mercer ¥ BREL., & MR R 80E & 2 1a) BE %
PR, Sigmoid R, 2 I A A R B, AR SCR )

T B8Ry S AGAE FY fg H0 A% 1) A oKL
e

LR e T

E(x,x") =exp( 75
Krh: o WSH
A% o0 0 S5 A T i 2 2 ) Y o BB RT LG
I A% R EC S R TN AN 5 A T AR R SR 3K
FATXF (8) AT X AL e Ml accX b, TN
1 b'XX'XX'b

Nw b'XN'NX'b (13
FIAKTT W 1/ N BEATHAL AT
1 p2(XHP(X)'P(X)H)DP(X) "D a0

Nu b"O(X)PN) " O(N)D(X) b’
A O(X)P(X)" =K, 0(X)D(N) =Ky, (13) 4%
1k
1 b"K*b
— T __+ . o 1"_
N bIKNK“I\‘b (5
T FH R A T ST R B9 O v R X (14) AT B kb
Ab P .

Kb =AK Kb, (16)
(K KV) PK (KWK P LIKWK )b ] =
ALKWKN) b, aamn

e A HRRE(AE,

BT A6) R, R KWKy " K (KyKy)
SO SR AERT  I  R R (TR T R &7

FRFERR R o b L1553
D(X)a=P(X)P(X)"b=
[h(x,x) sk (x,x,) s sk(x,x,) b, (18

B (18 2 AT LA L, A% bR U — A Ak 3] v 2 25 (]
SRRV 0By = R = O N ST 1= N W R N
R, R R B GE 1 A% ok R0 AT K R e Ak B
Ye 23 ],
3.2 SREHIEERE T

T bR SR A L AR Ky B oR BUR B Y
—2 OGS B B MR Al T R AR e T
KMNF £MOR G IR . x5 F ot ik B As 5, 2
MR B G, BB AR A A R IR RCR . R
UL W P A O A TP R D | T R I L A
Ve et s 5 T E IR OE 2 E O R
P AT T (B D8 0k Ah B, K Ak B %) B 5 R A R e
AER , X R HEAT Al 1, AR E L R @ AT S
S8 38R 1% 70 Y 22 (R 0k R AT IR 75 B Oy 22 4 M 0 A 31
Ve T I OB T e e S AT R A O Ak B A
o BRI 3 S AT A5 ) M S PR O 25 R .
TV 2 R SR R e il — A~ 5B ot & 1Y

1210028-3



F58%F F 1281/2021 £ 6 B/HAEXBFEHE

U T, AR R R 22 ok O AT MR RS P 7 22 HE I Y
it

A SR Y — Tl O3 4 S SO A R £ ot 2k
PE T >k X e 7S AT A . 5 200 A, &
G B B B 19 G 1% A DG 1k B O 5 4E 1R] Y AR
KMk iz FH 2 W S Al AR b, O S8 o A B
BN Z LR, T A M AR TR FRATTRE
IR AR AT o3 Bt 5, 43 S /N AT DA 438 2 )
SRR KON . S A ek L 2
2o — A G 5 IEFE N . WUR RE A AR m oL
TR B SO AT 3 P, 8 23 U S 47 10 SR AIOR
AR SC 353 B o 52 5 IR B I ) HLOR B A 3 5
P AT R OGRS B0 RS 8 WX H /73,
W R FHGEE H S F3RKE, I R/h S &t
TSR A5 0] 43 R SR UK AR DL R s W) o) A
AKX,

MR A R AR

D 6 AR 5 T RSE R WX
H /he,

D —ANRFEAE— DK AT Z e &P
531 s SR B H, 55 0 A ROT #EAT Al 11, SR U
A

Xxyp =aXx.yp1 T 0Xx vy Hex,, +d,(19)

X, =P1* Xxpiva T P2 * Xxoava T

Py * Xxyite T P1* Xxy1s 20)

prtp.tpstpi=1, 21

1 RHLALE R E S A
Fig. 1 True distribution of aircraft locations
H1 T KMNF iz 55800, ik 2 4% 4 ©
A P TRAL S ] Bl — BB 23 38T T R R AT S 5
BT R ok 1 5 A B R K /N 40 pixel X 50 pixel,

K x gy, HEBHN X Y) A IEBRAZ T £ R
BT TR B g 5 50 MR A R AL s x v o
Hx oy BICHT— P B L BRAR TG 5% x oyt HX x v
BRI — W B PR R ICE s x 0 Hxx oy RITRBEL Y
MEITHY AR s p, R OSBRI S Xy BIOG
TERE A . p, Sy, B8 AR IR 6 1 B B R
X 51y Sxxy, WOGTE R Bk, by N,
Pospaspy Fopy I, Hx, , AFE g2 A48 2 K
AaRABAQDNX P, RKFE a, b, ¢, d BHL

3R as by oo d BEUESG  Fxy .y, AL
Bt E AT A3 Xy v s

Xxyr=aXxy,1 Tb0Xxy,n +ex,, +d . (22)

A S BRAG T HAE 5 A8 T B AR B, oK A k22
S o A5 3 e P A

Fx.yh =Xxyas ~Xx.vho (23)

425 HUR R B AT ST B KMINE,
4 FARHEDN S5 5 A

ARV H AR BE R AVIRIS A Cri #4541 %%
5. AVIRIS Bod vl #2464t 20 m (1955 8] 2 B F A
224 ANPEBE,BERE 0.2~2. 4 pm MY RETE B L 1% 43 B
R 10 nm, HLER T UL/ L1 A0 WA S 1% AN AE 2% b
TR KL IEE S AR A B 5 — SIS e LD B )
TRE T 189 Mk Br . AR A =4 AL, H R
ML S E 1 s, Sl o R G mE 2
i

K2 eHLgEG

Fig. 2 Airport image
T B UE AR SCME R RS T T vk B A ROPE R ] v
U U AR T S HEAT MINF DAE X e se 56, R
P R UL 1Y R DG H AR R 5 ¥R B CEM Jy 25 A

1210028-4



Rt

¥ 585 £ 12H/2021 F£6 B/HLEXBFFHE

MF J5 2 4% ) i 47 J6 4b B, & 38 98 MNF
(HMNP) | i 4t 28 58U AL MNF (SMNF) | o %
448 3 m AL KMNF (SKMNF) 9 ¥k 52 %, ROC
Mgk Fh 2 T Oy A AUC 2 H BT e bt B
B B DU v g 5 R B BT AR 48 bR . ROC 1l 48 DL R 4 %
SRR AR AR DL R LA bR, ROC [l 45 8 5 5l
e B 2R Jrm A AUC #y 8 K L 356 B

1.0

o
©

o o
84 ®

Detection rate
S e e o 2
[\] W — at [=2]

e
—

103 102 10! 10°
False alarm rate

—
o
A

3 T EHLEEIR . CEM ik ROC 4
Fig. 3 ROC curves of CEM detection method based on

airport data

i H bR RO AR B 8RS IS L 22 il ROC
MEIF B & N B AUC, X T kAL %
5. CEM k89 ROC #h£k 40 &l 3 ff k. MF 5 %
f) ROC HI £ i & 4 ff 7n . CEM J7 35 1% PO ¥R 5 56
i E 5 fron, MF Jr v5 19 9 ¥k 52 56 25 3 an
Bl 6 s, MR 7k 8 IRESEE ) AUCfE % 1
Fi7R

1.0
0.9

0.8
0.7+

0.6
0.5

0.4
0.3}

02} _
0.1 1
. .

Detection rate

10+ 103 102 10! 10°
False alarm rate
Pl 4 BT AL EE . MF 7% ROC i 28
Fig. 4 ROC curves of MF detection method based on

airport data

5 ET I EEE . CEM FiEf bR L s R . () AL H ; (b) HMNF 4b 3 ; () SMNF 4b 2 ; (d) SKMNF 4b #
Fig. 5 Four experimental results of CEM detection method based on airport data. (a)Without treatment;

(b) HMNF treatment; (¢)SMNF treatment; (d) SKMNF treatment
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Table 1 AUC value based on airport data
Without HMNF SMNF SKMNF
Method
treatment treatment treatment treatment
CEM method 0. 7567 0.8751 0. 9602 0.9640
MF method 0.7611 0. 8378 0.9584 0.9634
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Fig. 7 True distribution of stone locations
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Fig. 11 Four experimental results of CEM detection method based on Cri data. (a)Without treatment;

(b) HMNF treatment; (¢) SMNF treatment; (d) SKMNF treatment
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Fig. 12 Four experimental results of MF detection method based on Cri data. (a) Without treatment;
(b) HMNF treatment ; (¢)SMNF treatment; (d) SKMNF treatment
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Table 2 AUC value based on Cri data

Without ~ HMNF SMNF  SKMNF

treatment treatment treatment treatment
CEM method 0.8317 0.9260 0.9281 0.9359
MF method 0. 8410 0.9342 0.9348 0.9377
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