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B X HE RO R

ACEE ACEE ACEE
SAD/rad VCA IEA SISAL AMEE SSACEE
(V)  (UCLS) (SCLS)

Alunite 0.0533 0.0978 0.1264 0.0860 0.0781 0.0596 0.0548  0.0527
Kaolinitel 0.0517 0.0846 0.1136 T 0.0679 0.0663 0.0711  0.0651
Kaolinite2 0.1270 0.1128 T 0.1327 0.1189 0.1148 0.1135 0.1264

Halloysite 0.0939 T T 0.0798 T 0.0704 0.0711  0.0698
Calcite 0.0778 0.0887 0.1396 0.0832 0.1124 0.1091 0.1095 0.1037
Buddingtonite T 0.1448 0.1111 T 0.1388 0.1484 0.1474 i
Clinoptilolite  0.1164 0.1157 T T 0.1095 0.1090 0.1011 i
Chalcedony T 0.0912 0.0058 0.1086 0.0963 0.0929 0.0962  0.0846
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BRI 2T 1) PoISAR Hi B4 /512 [29].  EIRIR L5 S AR TR T i 5 21 iR LB AR
5 BRI R — N S AR B

6.3.3 EHEFE

FBEIE RPN IR B AL B P AR IR —, Mt i B AL
Bz —, Ml R LM R ERKEMARCHEA, B EmRENREA. AL
WA A KRB B IUAR, AMUSIERINGIER A 2z, el lfs BBz, 5
Rz AL RE 71 22 - T3 a7 2 K AW RIS R H R ACRIERFEA AT A
ThRE, IMAZIbRICEES, AR A BIIFEAR S B ARICHEAARAAAETUAR, 1B 150

PRC SRR BRI .
h Supervised Classifier C - Classified Data
Training t

Active Learning :
Iterative learning process

Remaining
Candidates

Selected
Candidates

S Query Criterion Q

Labeled by %
UserS KE
S 2L S R
Kl 8 Fh )iz
-
I Manually laoeling
Update |
————— i |
|____<J>___| [nﬁ%mrg‘g:;&:“gl‘g: Spatial diversity  Spectral diversity I"f_orzat_“f'fle”
| L _," r T____ __| "_T____ I I 1
I Classify | | Jp 2.7 ‘l | ol | I PRI |
| ".‘-’ N
3 ® |*
N+
1 ag e
I " gs

|
|
|
|
|
| Segmant parch with label
b 445 Mamualy lsbeled samples
|* 236 Ausmascaly labsled samples

K9 KGRI LB 3 Tk

6.3.4 IFEE%Y

48 HTR FE 2 ) J7 9235 T 40 5 117 (Visual Words). Quelhas $#2H (31 Adam Coates 7F
2012 “EHE] ) TRLSHERY (Bag of Visual Words), XAMERLFI ] K-means 528532 MR 46 E
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BRI 5 Z e (Visual Dictionary), #8531 i 7 80 5 T b R S, DASREUAT (1)
FRE o X AE B 73 R U e — NI B AR (HZ B IR e M BUG A .
Lazebnik $2 1 7 25 [0 4 7B R R (Spatial Pyramid Matching, SPM), Xt J5 i 7 {a] 4845 AL f
el EORER 1R MR 7 (A5 SR o 725 1) 4 - B R F) B A S AR R AE 2 () Rl 73— R B
1, SNEAERE— AP I I ER R AR BT, RN e ER . A, b
IR RIAR S N TR, 2438 30 5047 52 2 OB A, IR e By B — AN RO AL e 7
B, AT RAT AR EUR A SRR R IA o 7R DN AN [ 40 A BB AR, S T 6B E B AR RR
oIR8, Lee ZEANIRH T H s dmid 5% (Efficient Sparse Coding, SC), X
BRI %o A B AR AR AT B 4, 49 B SRR R gt . O TR ML RE S B Bk A X
SrERRIE, b R AN LT R A

TX LT RG]V AR A A O REAE R 2 ST X 43 FE AL e - 0, XA Ha R BR T ax R As Y
IR o BRI T 73 B, F 4R 3 SR AR BRI BT X 0 B2 FRARRAE A2 B H Y, T 2 ST AR
Tt PR SR FIRAE A 1) —Fh 77 300 8 13RO SRR i RO, TR BERR 2 I 2%
WP BN ALK . MRS SRR L, MG TTIPREZL Bl 5% #ike S 80
R, XA, —AMERERIIZR, w7 BLE 35 SIRAE, 20 AR S 2% B A
Salakhutdinov #& i 7 — NP E A PIZ%, A4 R 4 3% /R 2% 2 4l (Restricted Boltzmann
Machines, RBM). RBM i/ MUEBERRE, MR o) — MEHERE, Km e
S N BCHE ST AR A 0B ARRAIE S I8 B0 B 4 (1) 350 - #i E i L (sparse autoencoder,
SAE) & —FIXI AR B g AL . fETDE, SN BRI i A BRI, 173X SRR LE
g AL A ) i A N B <l SR MG EE R iR ZE CERRYE B R R S R AN
Bells B3 77 22, FRATAT CAE S 2 345 X 7y FER S BORFAIE R 9 BR A i N30 i) — il
Riko N TAEERHERETEGR T4, EIIGRERET, 153000 FEAE B bt s B2 ok .

WA Rt . RBM AT SAE S5 N ZMM, e e 2] 2Rty 5 KA
AR R Z DGR FISCRFFAE » Hinton UEBA 76 3% JE AR ME B iR FERR Y, nf DASRIS
TFHRAERIE . Erhan 85 o] WAL & J2RAE, B RRE 7 G rbr i S B . 8 B R TR A T R
PREE T2 P LA 3] BT BE A RAE, IX BRI )= R R IE L A e B, % — ANk
MU RS G, HZ A X e % o B KN SRR B RAE, XX T20 38k, &
CARAT X 43 BE o E IR BERL AL IR 2 N 286 W] DL S B BEAS LR JER, SXFE 24 LI st 4%
X AFR RS, AT LIRS A X 43 FE AR S f o TR AR, Sl 32 4 2 RBM,
BATAT LS RR(E 4% (Deep Belief Network, DBN). @i HES R HMmILHL, RATATLL
SEIRIZ F gmighL (Stacked AutoEncoder), IXELAFRITEIR 2 britkds ftadEd: E#IEUE TR
LFI R

R BRI e B S0 & &R SRR BEE AT, SRIBCA FIRAE, (Bl T 282, e
IRAEVI G 24808 B BBz oz /N TR (R Z RO BRI, AR 28 5 3 Bud 405 i) L 7=
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Ao UG i) R A BRI TR SR, AR RS T LA UIZREE, TAEN 4R
HRCRIRZE . 2012 FELLR, —AT A RUN RS S ANz AEE 70, B kit SO i P A
4k32H . Hinton T 2012 4E42 i Dropout 773, X751 Lh— & B2 B AL G A1 4 32 152 2 1) ol
2270, MNITTIE B4 25 X 28 A5 4 P 251 ) 20 5 o #F Dropout ({3 Ait_E, Li Wan #2 ! 7 Dropconnect,
X7 i PA— 52 ME 22 BEATLIT 2 (A 42 70 2 IRTIRDZE R, AT IA 31 B8 47 (R R RSP 3 (R R o

B 1 LRz A58, Vincent $2 H 7 —FiBE R H 2w B8 41 Denoising AutoEncoder, DAE)
LAY, TR W X 2 2 VIR P O N B IO 75, R 5 SR HH U I N e 75 (1 SR G 0
B X MR, BRSNS T B 3020 R I RE . X AR 5 3 (R AE BE R B
T I HE S B gm AT AL, Vincent 7593 T R B PR H 4ufid /1 (Stacked Denoising AutoEncoder,
SDAE), IR = IR A& R R AL o

ISR AR Z M 25 oy, A4 2 AT SR KR B N 2% & I, 9 HL MR HR 2 v S v LA 71
B IA) B AR 4 AN, X TE — B R R ARG T B R OGB4
(Convolutional Neural Network[13], CNN) 1R&FFIF T Hd A 5 (1) R B . BRI
25 DL —BMg UG O AN , 8 S AR R AR At A S e B T X, B I T R R,
FEMURFE B T B A7 XA PR R, IR RARAE L, 1A R — DN BB A . BRME
ML G — B R KR, I e — g B BRI 2 URHE R B L, R
BT N BB 3R i (AN R R, R 5 o 4 248 il R AR T 8 A 25 R

6.4 CHERHFTHE

641 ETIRIKENHBBAR HIRHEN

SR T —Ah T Ik B S SILE EEAR HARERIN A [30] o %07 2k T ok B i A R A
SREABOZE, BRI IEGE BAEE 2 4E s 4R R, RS T A B I EHA S SIHLY R e 2k
TIRE R EE A SIHL, SRR A o e B AL B AN A B IAAE R IF TR E 2 ST WL
DU o B35 709 A e G V8 TS AR v 73 R BRI B 00 B, 1 I 5K B2 TP AT H AR
UG R Y, 5 SCRE R R TTEAH B, AL 75 VR R R R DM F D 2 14 [ g BB 4 e )
THEE . SCRRKENLITIER) 0 R BN R B s
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10 SRR EIHIERE
R SR8 K A SE AR A5 SR U R

11 JRIRIEIR AL Kl 12 JIgRFEAR 13 CHesk ML H PRIRI 45 5

6.42 FETIRMEKEMRITEREERE B AR RN

ST — b gk B R A m G R T R B AR RN DT [31] . 5V )
FEIE S B ANSCRAE B N ZRAETK R, BT 242 AL, SEH AR 2Rk 1
SCHFTKE ML AR X H AR S 70 2K - 205 20K ) Gabor SUHURHE A R HES
N5 FrokE, ZRFETKERR VAR R R T RAE RS FAE R, BORRIRR T
Iy RAS TR RS HI AR, 15 SR SR ENLRENS 78> Bl ZRFEAS I R B 1K 70 280
FEo ABORBREAN N B R .

Band 1
an * _Gabor, s
band

Gabor XEXE direction
5 order width

tensor
gl G20 o sue
Band n - [WRE;

K 14 ZHRFETKE A T B B A
KIS LERRW], ZITERES A R AE, ST SRR RN KA, £
RFALE TR B 1 H AR PRI 5 78 25 P 228 5 10 H AR PRI S8 v e 6 A A B I 2R A
KL PRI R AR . BARGS RAT BRSO RAE [H b3 4 2% 35 “IEEE

Geoscience and Remote Sensing Letters” (vol.8, no.2) I,

height
scale
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Identification Rate Correct Rate

STSTensor-basedVector-based Tensor-basedVector-based

5 100% 100% 92.72% 87.30%
10 100% 100% 92.68% 92.25%
15 100% 100% 95.47% 94.75%
20 100% 100% 96.39% 94.91%
25 100% 100% 98.91% 97.47%
30 100% 100% 100% 97.91%

A JFhaA5 B M —HHERISCRER  C ZHFIEMISCRFAE D ZRHMETKERIR M
EHUTE BT i% T3l
Kl 16 sSERAR 2 (1 H AR gl R

6.4.3 FET Rank-1 iKE 5K 6% 3B R G

St 7 — M T Rank-1 5K B0 (RITD) R G & BOAR B 1% 1ZINET T T
MESHAELE (BERFESES) 5o rEmRR, BT Rank-1 5KkE D #
JS2FH R s AR TAT A TR T oY, 45 e A vHE DUl R {70 8 T P S 5
R1TD SR MR SR B2 W b B R :

mode 3

Input Data Cube

Rank-1 Tensor Components Noise omponent

Kl 17 R1TD SR B 1 HoR R 2k &
SR 53 Sl R DL 15 M = O B R HEAT I, SRR L (PSNRD . £5 9 4H
I (SSIMD 7S [AIAR SR L SCHF Im) BN SR 25 AR G AR AR B2 . 45 AW,
FH LRI B — 4E G B AN T 5K B ) MW 9%, A 7 VR AR R R e 25 TR -6 1 A O

114



A SRR B CCSVD C CCWF D MWF

& 18 HYDICE 5215 12 Fh e B3k H AL 45 AT B

A “EIIEAE PR, (MPSNR) $53k B T4 AL (MSSIM) T8
MPSNR CCSVD CCWF MWEF R1TD MSSIM CCSvD CCWF MWF R1TD

SNR=5db  14.087 17.252 18.437 24.509 SNR=5db 0.329 0.493 0.606 0.822
SNR=10db  17.607 18.686 22.447 29.604 SNR=10db  0.516 0.658 0.769 0.906
SNR=15db  21.786 25.476 27.037 32.817 SNR=15db  0.692 0.813 0.853 0.946
SNR=20db  26.519 29.006 30.019 36.656 SNR=20db  0.846 0.871 0918 0.967
SNR=25db  31.632 32402 32.970 39.857 SNR=25db  0.931 0.905 0.956 0.979

19 HYDICE SR (14 2 il [ W B3 285 SR (R 00 FEE % L
BEAN, AR B AVIRIS FUSES WS AR BT TR, RSO RSN 2888 b2
MR JER . SCIRE R, X PR R LR 5, RITD 5L R B &, # )
REDERE . TR T 2SR S SR 7T KA.

.

o B - I

A EEAR B CCSVD C CCWF D MWF E R1TD
- Class l- Class 2- Class 3:] Class 4- Class 5- Class 6- Class 7- Class 8 - Class 9
20 AVIRIS 5244 1) 22 P [ 0 I 45 S 73 2K B0 T

6.44 IKEBWMEFEIFTE

ik 21 fror,  EOEHERRBS R IKE IR L H2 IREF TR ER M= R -OE IR L
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WIkAZ = 2%

ABIE R 17

JeiE B 1 S P BL 2

AR R A

HE#)J73%:  Band Sequential (BSQ)
Kl 21 83123 [a]- G HERRAE 1 ) B R S 7K E R

AT HE 5K & R B HE S T (TDLAD [24]52 —FhBE TG 3R 10 25 [B] - i ARF AR $2 Y
Jrid, FEOPBRIPNUT =80, WNERoR. H5, MATKERIEMIE T, 5
FEME RIS 0] DG RHE R IA Nk B0 AR5, FASKEAD R SRS Sk i st ie
BREICOR H H SRR 22 ) A2 4 BURFALL 122 RV ) 22 4ELR VR AR B R om0 R MBI

LB E 3 AR 4 AR 3K K
-
2 [A]
5
o
=
2Mr ik R
JEIE L 3 B n
TTTTTTTTTT]

SKERAE AT 2L MEAR I, BRAS IR R T BB B AR AR 7 22 1R R RFAE AR

e AR AL 2 (R

R AEAS AL (7]

NG ESNEIES
FEA FEA

22 SREH G = S HES SR L

HYDICE 6 $it 45 1 5 50 #r -
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HUA R -

L. Zhang, L. Zhang, D. Tao, and X. Huang, "On Combining Multiple Features for
Hyperspectral Remote Sensing Image Classification,” IEEE Trans. Geosci. Remote Sens., vol. 50,
no. 3, pp. 879-893, March, 2012.

L. Zhang, L. Zhang, D. Tao, and X. Huang, "A Modified Stochastic Neighbor Embedding for
Multi-feature Dimension Reduction of Remote Sensing Images,” ISPRS J. Photogramm., vol. 83,
pp. 30-39, September, 2013.

BT WU S B 2 R LR & D7 iR B T B s, A R B PR, 1 e
OGN P AT I RAE . S ARHIERE , AT Z UG HERAE . SORHIEAITE
IREGAE NI, 835, {HH Laplacian Eigenmaps 4 A4 RE A SR AE RS B — R AL 25 8] Fp I
AR HBAHSRNERERE, MFC SEIRA 0N LS HOREAS SR A S PR K B B — R A AR AS SRy 7
SRR R LR S o I B 3E A THEEA B R AEAE LR R & T 1 R B, RT3 21 Rt
B ZRHERIREAR R R IR . B f5, 28 SR O3 VA [B2] X AHABA A5G 28 A6 B AURF
AEAE A, A5 2)AT LA T2 RO RE A SRR LE RS IE RO

O e em em e em, em m, em g em, em e em, em, em, em, em, m, gm, em, em, em, em, e, em, em, em, e

TR

Je i RFAE LUHRFAE TEARFFAE

Y % 1B

B 26 JE TS ST B 2RI Rl G U % R EE A

R TR E 2 (8]

6.4.6 ETIFMEREFITERIIRSR

MRW: F Zhang, B. Du, and L. Zhang, “Saliency-Guided Unsupervised Feature
Learning for Scene Classification,” IEEE Trans. Geosci. Remote Sens., vol. 53, no. 4, pp. 2175-
2184, Apr. 2015.

Xt e B R G R B A, MR EE, SEWIMRIZONENTT ZROL, A
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[FIZRAIRIA T 2R, AT IR SR AT ARRRER, REFAIXDE, 52550k
FE, PR T AT 2 RS N A A B R AL S ) U i, ARG AR B A S I R R
T B AR IERZ IR, S8 AN 37555 SRR AR 23 18] F R el IX 0k, 78 23R v o0
FRIBBMGHHE, SRR YUK . BRI ERA ™ B R

Unlabeled image Saliency detection
1 5y " ,‘y » -

Training/test
image

[T A— ) FERENTENEF I
.\‘Iv b OEA Unsupervised -lll===l...l
S Lo - ‘l!-' - EEONEEER"EE
| M7 feature learning ANAROC PN .
R HEERLERATEY

Feature extractor

. i
! 1
1
| .
! TN ot 1
: Residential Runway 1 SVM
e = N | —
: 'd-;.":!; L4 1 classification 1
H i'zu ] : 91
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B 27 B 35 AN (K AR M B RFAE 7 21 i T 5028

647 ETHERITHEIERHENER THRIR

MR IL:  F. Zhang, B. Du, and L. Zhang, “Scene Classification via a Gradient Boosting

Random Convolutional Network Framework,” IEEE Trans. Geosci. Remote Sens., vol. 54, no. 3,

pp. 1793-1802, Feb. 2016.

BEXHEGUIR L 2 3] T3 AN A 5 21 B — M 2, TEVRAR S N w70 A R BRI AR 7
SRR ST AR, RN T BRI 2R MR R I (B R RE, 4R T — Mk T
b FE SR T IR BEATLAS R 22 I 48 SR 255 2 T o 12 SR 1 SR A AR 20 RS 110 1 1 2 20 38
BT IR R IR IE IR, S AN 32 SRR R 22 6] v (R mT X, 5820 R A i
IHRFRE GG . RN S5 S REEESRTT I35, IIRZ MR M R AR, mTLLE %
Sers BRI RE . BARTHETURR LT BIFTR:
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6.4.8 FETERMWRHESR I Dropout K SMEE A FRGEHG S E

MR IL:  F Zhang, B. Du, and L. Zhang, “Hierarchical Feature Learning With Dropout
K-Means for Hyperspectral Image Classification,” Neurocomputing, 2016.

BRSO G BRI 5, IR FEE, SRR RIS A T ZBOK,
AN RIS T Z2 0K, [ 1 A s & mo il s R b pr & i ) 45 R (5 8, SR
HEPAFRREE R, &SI X, R RKEE, R T —Fh3 5T 2 ks
fiE2% 2] ) Dropout K MM 52 T AR B RHIE S 21 7 i, 2SR ie R B 102 S o i 2
G b B ARVERE A ARAE, S AN NFERE S A BT X 0, . 3R
FHERL . BARTT AL T B
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6.5 KIERTFRSHALIUR

AT FE 75 1) AR SR B VH RIS SRR, 0 THCE D RIL SR M AR, Rei
FE 1 AF N AR AR AR G A HIRFI TG T AR G AR S0 2 LRI a7, A B8 1E
[E FRT5Z 3 F) IEEE TPAMIL JMLR. JCV. IEEE TIP. IEEE TNNLS. IEEE TMM. PR i
52l 23 NIPS. CVPR. ICML. ICCV. ICDM. ACM MM, ECCV L EF¥# AR 2~3 i3,
[FJ I 7E — & SCI I BRI B R FFEARW L 2~3 4.

X s LRI AR, AT LA B NS 2 ST BRI 5T 7 1) 5 N BRI G b 3, 28
T RS, A A E BRI S 4 BT IEEE TGRS FREB AR 1~2 55, FHE—
2 SCI [ BRI F] IEEE GRSL. PERS. WRS L AFZEARIL 2~3 .

ASHIFFET7 1] B T B S A el A vT DA A i IS BT aialk,  si25b36 Top 10 2724%
() EECS #t—2B & 8, Al AR, B, A M\ F s+ 5 .
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Y. LeCun, Y. Bengio, and G. Hinton, "Deep Learning,” Nature, vol. 521, pp. 436-444, May,
2015.

Y. Bengio, "Learning Deep Architectures for Al" Foundations and Trends in Machine
Learning, vol. 2, no. 1, pp. 1-127, January, 20009.

G. E. Hinton and R. R. Salakhutdinov, "Reducing the Dimensionality of Data With Neural
Networks," Science, vol. 313, no. 5786, pp. 504-507, 2006.

Y. Bengio, A. Courville, and P. Vincent, "Representation Learning: A Review and New
Perspectives," IEEE Trans. Pattern Anal. Mach. Intell., vol. 35, no. 8, pp. 1798-1828,
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S. Aja-Fernandez, R. d. L. Garc &, D. Tao, and X. Li, Tensors in Image Processing and Computer
Vision: Springer, 20009.

D. Tao, "Discriminative Linear and Multilinear Subspace Methods," PHD, School of Computer
Science and Information Systems, Birkbeck College, University of London, London, 2006.

L. Zhang, “Tensor Representation and Manifold Learning Methods for Remote Sensing Images,”
PHD, LIESMARS, Wuhan University, Wuhan, 2013.

T. Lin and S. Bourennane, "Survey of Hyperspectral Image Denoising Methods Based on Tensor
Decompositions,” EURASIP Journal on Advances in Signal Processing, vol. 186, no. 1, pp.
1-11, December, 2013.

T. Lin and S. Bourennane, "Hyperspectral Image Processing by Jointly Filtering Wavelet
Component Tensor,” IEEE Trans. Geosci. Remote Sens., vol. 51, no. 6, pp. 3529-3541 June,
2013.
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Z. Lai, Y. Xu, J. Yang, J. Tang, and D. Zhang, "Sparse Tensor Discriminant Analysis,” IEEE
Trans. Image Process., vol. 22, no. 10, pp. 3904-3915, October, 2013.

Z. Hao, L. He, B. Chen, and X. Yang, "A Linear Support Higher-Order Tensor Machine for
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J. Liu, P. Musialski, P. Wonka, and J. Ye, "Tensor Completion for Estimating Missing Values in
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Site Angle RRRM SIFT+NCC SIFT ImMReg MANUAL

CHRIS_FY +36° 0.9714 0.9306 0.8321 0.8412 0.9546
-36° 0.9783 0.9278 0.8415 0.8307 0.9659

+55° 0.9739 0.9073 0.8097 - 0.9179

—55° 0.9685 0.9141 0.8140 0.8001 0.9482

CHRIS_UK +36° 0.9736 0.9364 0.8346 0.8917 0.9589
-36° 0.9780 0.9385 0.8321 0.8642 0.9667

+55° 0.9687 0.9026 0.8179 0.8482 0.9191
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+55° 0.9737 0.9066 0.8115 - 0.9788
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—44.6° 0.9889 0.9754 0.9170 0.9342 0.9847
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ISNR 0.0000 6.9709 7.3191 7.5331
PSNR 28.3764 35.4517 35.7889 35.9797
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EOGIEZEE B EA T ER6EE R, AR B EE b, RIS RIE S,
14 bo T 7R 43R R B AR 1 A R, FRATTER T 3T 3 43 HT (Independent
Component Analysis, 1CA) G AR AT 7% o 38T M7 5050 43 B AR AR Il v d sk
X e G ZEAE SRS R TR AR EE (AL 1 43 404, 43 B M ZE(E AR P AL i gy, JFARYE
B3 RN SEGAIE B 1 22 AE 52 AR Hh IS 1 43 SE R b e B — P A 78 9 A IR 1) B R AR
. BARRSRRAE R

167



JR UG RGO

ARSI 45

B 10 E TSI AT R EDL AR AR

WL RI> 3T NE 15 550 B R ALK — M S 5 A3 TT Ik, & —Fh A\ 2 4R35 d
TR ST B A ) ik . AL 2002 4EFT 2004 4F FIESBHIE Hyperion & 61l T2 & KR
QBEAT ST, R IUIZ 7 P AN IR AR ) R A2 10 %% R b ) (1 A2 4k, &l 10 B

Xy _w

Y} e
Bl 10 ETMSLRA 0T R e AR 45 R

AT A, 2B AT DK AS R Fh 076 A B A 18] (1) A8 A 17 00 SR 073 B AR, REAE 7893
I G 18 R8T E G R

(5) T 1A IE =G R AR A

TR BGEAR T, A AL Rt MK T AR R — R K1 . BRI A
Bl A AT KRG DT Z A, (ER G RAE R S EEAREF— 2. Ik
3R L1 2 R A S AR IS o XA SRE AR ISR 2 — Rl i, K 55—
G L AR L R R AL 1S 55 2 1), M P IEAE 3 (R B S S Al i 38 57 2 B
15, INT A T I AR T AR R . S R B A 11 s

168



Band 1 4

Background
Subspace

B 11 ET7 2R KRR ARSI
WA AR 5 B AR R s8], AIE ISR R IRCR, B 12 %o T
DURPAN R S5 7 B (A i W s s A GBS B, X7 & DA B
JSEF LA 3 o

Image 2 Image 2 Image 2 Image 2

Background Information Background Information Background Information Background Information

12 BRTZRMETTE
S 2 A R AR ARSI SRR RE 6 78 20 A F R T I AR T ' (R 6 A5 U2, AGr Uiy AR 1)
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X UG T 8 AL D FHAE R 0 AT R AR B . MR Z5 ) R L R N R IR AR o8 . IR
K UG ELAE SR, R UG S5 K ] AT e SCAS B R - BT B3], AT UG 2 1R B2 %
JE ARG vy Y B R R (R S R o [RIRE, I G R BRG] e B R B A SO AR Fr Sl )
18G5 Kt 2 S B A P 25 i P B Rt R DG B 1 ) AL

LI BRI A E R A, aE R AU E R B URRHE (an
Mo 2L A WITENES K, WEE RBER G THRE CngcE) BENLAE R . RS
ST S S UGB R B R, AR5 ANECE AR H A 9 R 5 M R s R 25 11
Tk XEBATEZEF TR SRS S5 E, CAREUG LA 5 FRHE 4 B

WEFE 5 1A E A EUEHECAER (mathematical modeling of images) , U #r 5
A (texture analysis and texture synthesis) , EURZEH L5/ RN (image key-structure
extraction), W EH/AEWEASME>) (supervised/unsupervised feature learning), 4%4E 20 #T 4£ 3%
TR VR R i 1) N FH 45

12.2 BFRE X

BIG a7 BB E EAE R, AR TSN AR 2GR s R O R, X
(KT R E5 R B FRIE AR ERFAL IR, B A e a5 B AR 2%, 70 2855 2 L 1]
R LA o PRI PR S5 # 7 Hr sCIR . THEUIL S« 3 R S BT 8 e B Ak 2
AN 73 A i R R AR AR A [

12.3 HA7RH
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International Journal of Computer Vision, 60, 2, pp. 91-110, 2004.
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KEENUIAHAY ST G (patch) IS (22T 20 #r BLAY, i Gabor J§
Wiasdl. Wavelet. Curvelet. Grouplet Z5; ()R THAEEHMEAL (4) T

AR, 44

ST K

Hapl: ETRESEHRMENSEE ST
S HR: Svetlana Lazebnik, Cordelia Schmid, Jean Ponce: A Sparse Texture Representation

Using Local Affine Regions. IEEE Trans. Pattern Anal. Mach. Intell. 27(8): 1265-1278 (2005)
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BARYH5 2 W SCHR: G.-S. Xia, J. Delon, Y. Gousseau, “Shape-based Invariant Texture Indexing”,
International Journal of Computer Vision (1JCV), Vol. 88, No. 3, pp. 382-403, July, 2010.
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8 YEEBRRER: £ LARGREAEE, HMMAERER. (a) UIUC HHERE;
(b) UMD $35 .

ER . AT E
LU MG B RN AS [ SR 23 T o« IR AN 256K F T 25 24 I SUERRFAE 45 5 A B2 1) AR
S EVEVEBAT ], LIGEE R LR IE 9. BARETY S W CHR: G.-S. Xia and Fei Yuan. “Texture

segmentation by grouping ellipse ensembles via active contours”, British Machine Vision

Conference (BMVC) : Dundee, Scotland, 2011.
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[2] G.-S. Xia, J. Delon and Y. Gousseau. “Accurate Junction Detection and Characterization in
Natural Images”, International Journal of Computer Vision (1JCV), Vol. 106, No. 1, pp:
31-56, 2014.
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GLI Sensor(10 bands)
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MODIS Sensor(7 bands)
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B) The relationship of NDVI and VIUPD
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C) The relationship of VIPD and VIUPD
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225 kl: Wang, Z., et al., Satellite-based estimation of regional particulate matter (PM) in Beijing
using vertical-and-RH correcting method. Remote Sensing of Environment, 2010. 114(1): p. 50-63
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b The PM2.5 distribution in Beijing urban area

116" 0 116° 15" 116 30 116 45"

Changping

Haidian

Skijingshan

§
/
b

116" 0 e 15 16 0 16" a8

K@) FIFSE. @RI IRIIPM-AOD K R i I Hh R PM2.53K [ ]
Z%LHRk2:  Song, W., et al., A satellite-based geographically weighted regression model for regional
PM2.5 estimation over the Pearl River Delta region in China. Remote Sensing of Environment, 2014.
154: p. 1-7.

I F L B INA B A LRI PM-AOD Z [JAH KRG R, FIFREIR LR AOD $idf [ i3k
FFIE IR PM2.5 IR FEHUHE, T HEAT BE— B AR AT

80
W Ground-measured PM,

140 SN Sateliite-retrieved PM,

120 60
E . . <

100 E
2 3° 3
= o, ° _o =2
s 80 T A “aS )
= 3 o, © K
a /e Q! o'e g
3 e 02 T @ §
g o s e £

g . 8

% 4 Siope = 0.3908 0,028

Intercept = 33.07 +1.626
=358
v 0 N N_HS N I I N
i S A TR 0 1 2 3 4 5 8 8 9 10 11 12 13 14 15 16
Observed PM, ; (ng/m”) Site serial number

F(3)  HEIIEL R AR PM2.5 T EE 55 WA 5 2 T8 AH 9ROk R il

221



0 25 50 100 Kilometers.
| o o e s oo o o |

A PMzs observation sites
PMzs (pg/m?)
B 5o - 52
5 - 5
I 5 - 5
] 56 - s8
s -60
[T 6o - 62
62 - 64
B 61 - o6
I ¢ - o5
. s - s

BI(4) BRI m] YA f 388 A BT = A M DX s PMI2.5 3R B2 73 ]

17.4 /NARRE

e TR A2 4% (GRNND #E4T PM-AOD SR A RINZR, ZMBRRS REAL T
HRTBON BT ANzt AR . 22 ek [l R L~ 20 B AR K it FEUDIASL [m] Y48
M AR AREEE ), JFRE— DR R SR R 44 5 ZE 5 [ PM2.5 IRIE A1, O

BE— IR FES W FEAT T R AFHEA

GO0y
.‘K’
N=63294 e
0 y=0.p9x+18.11
R=0.887 L
© a0} RMSE=1615 Ve
o -
=
o
B
o
E
z
w

100

200 300 400
Observed PM2.5

500 GO0

600
o
N=70277
oL y=0.61x+22.98
R=0811 P
0 g0l RMSE=20.11
o
=
o
B
3
E
2
w

100

200 300 400
Observed PM2.5

Kl(1) GRNN #EANE BEIOAIE M A WIS IE 45

0.9 || OCLR OMLR OSEM OGWR OBPNN DGKNN| (a)
0.8 = M 1 M
0.7 - - oy
0.6

0.4
0.3
02
0.1

Spring  Summer Autumn  Winter All

50

40

30

RMSE

10

OCLR OMLR DSEM OGWR OBPNN D('JR.NN| (b}

|

Spring  Summer Autumn  Winter All

Kl(2) GRNN #5255 H A 2SR50 PM2.5 I8 s JeRs [ B 2= 19 1k LR

222



N } “.‘.ﬂa""*" g .
B }uﬁol;}“‘i;":((' 72 ‘

= | et N=869
ios] Lueee. b

| sem
|
/| awx

T T T

85' 88° 92° 9%° lo’.‘ 10'4' 10'8' ll‘l‘ ll‘G' 1207 lZ‘l'

K(@3) 44N PM2.5 BRI TIIK L5 WLINAR FEAH O R 40 R #7345

20| | (b)2014-Sites

(a) 2013-Sites
V.7 0 S0 100 2,000 ¥m

0 500 1000

(d) 2014-Satellite
0 500 1000

(c) 2013-Satellite

0 50 1000

(e) 2013-Proposed

0 50 1000 2,000 km
e

-
15 25 35 45 55 65 75 85 95 105 120 135 1%

223



El(4) EGEEN PM2.5 35 A A i

(a) 2013-Spring
o 5010 1000

(¢) 2013-Autumn
0 KO 1000

(d) 2013-Winter
[ S0 1000

(e) 2014-Spring
o 50 1000

(f) 2014-Summer

0 %0 1000

(h) 2014-Winter )y
o 50 1.000 2,000 Am
[ S PV W S S——)

I
15 25 35 45 55 65 75 85 95 105 120 135 150

K(5) HHEERE A PM2.5 3B Z 1 o A i

224



17.5 ANITBRHEE

[1] van Donkelaar, A., et al., Global estimates of ambient fine particulate matter concentrations
from satellite-based aerosol optical depth: development and application. Environmental health
perspectives, 2010. 118(6): p. 847-855.

[2] Gupta, P. and S.A. Christopher, Particulate matter air quality assessment using integrated
surface, satellite, and meteorological products: Multiple regression approach. Journal of
Geophysical Research: Atmospheres, 2009. 114(D14): p. D14205.

[3] Hu, X., et al., Estimating ground-level PM2.5 concentrations in the southeastern U.S. using
geographically weighted regression. Environmental Research, 2013. 121: p. 1-10.

[4] Tian, J. and D. Chen, A semi-empirical model for predicting hourly ground-level fine
particulate matter (PM2.5) concentration in southern Ontario from satellite remote sensing
and ground-based meteorological measurements. Remote Sensing of Environment, 2010.
114(2): p. 221-229.

[5] Gupta, P. and S.A. Christopher, Particulate matter air quality assessment using integrated
surface, satellite, and meteorological products: 2. A neural network approach. Journal of
Geophysical Research: Atmospheres, 2009. 114(D20): p. D20205.

[6] Liu, Y., C.J. Paciorek and P. Koutrakis, Estimating Regional Spatial and Temporal Variability
of PM(2.5) Concentrations Using Satellite Data, Meteorology, and Land Use Information.
Environmental Health Perspectives, 2009. 117(6): p. 886-892.

[7] Ma, Z., et al.,, Satellite-Based Spatiotemporal Trends in PM2.5 Concentrations: China,
2004-2013. Environ Health Perspect, 2015. DOI:10.1289/ehp.1409481.

[8] Geng, G., et al., Estimating long-term PM2.5 concentrations in China using satellite-based
aerosol optical depth and a chemical transport model. Remote Sensing of Environment, 2015.
166: p. 262-270.

[9] Song, W, et al., A satellite-based geographically weighted regression model for regional
PM2.5 estimation over the Pearl River Delta region in China. Remote Sensing of
Environment, 2014. 154: p. 1-7.

[10] Wang, Z., et al., Satellite-based estimation of regional particulate matter (PM) in Beijing
using vertical-and-RH correcting method. Remote Sensing of Environment, 2010. 114(1): p.
50-63

[11] PI&AE, 2008, TT0, % KOBRERRENES RAM]. Jb5t: Bl
JiAt. 2014.

Jl

225



18 3RS H—3 T AT
18.1 B 55 kiR

SBPG R R AR R 2, R E SR AR E) iz AL, — B DR & K E
BRANAE S G B B LG o SR T FAPABE R A ER U AL R I 2 —, & U 5 A I
TR RO BB NI TN o R I3 T SRS SR 3k 17 Ak 2 28 5 T Rp R R (R R Rl ST 43 2% A
R N R E SR B ER & W4 AT AR BEGR, R R T Bk
BRI T R L, S AR T IR [ R AR A ke %S, G HRINTT HOA SR IR B A 7, 2%
PR T TR I RO AN 3 AR, 0 S IR T T 45 60 i R AN ) R AU AR AL ) BB

18.2 BEFLE X

H AT, Arve . P BT R AU R, O™ EE i NSRS s Al A
TE ISR (5 FE D DRI BB AL (T FE PR 1A R A2, e ) DAVE R A ek Big 2
()3 AT 5 L AN AZ A R AL AR o AP 3 T B A iy A2 e BR AL 5t NI RS R 5
W[ R 2 e T i, A1 B (R SR TR KT 22— o ST I RO ST AN AT BLO X35
froe, ASIEER RS A AR BERL AR, AT DON T BRI IR Bt EOR S, AR E
F BRI S (E AN SR 7T R S

18.3 LRI A

ZH R 1:
José A. Sobrino ,Juan C, Jimé&ez-Munoz, and Leonardo Paolini, “Land surface temperature

retrieval from Landsat TMS5,” Remote Sensing of Environment, Vol. 90, pp. 434-440, 2005
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Comparison between the “in situ™ land surface temperature and the
obtained from the Qin et al.’s algorithm using the emissivity obtained from

the NDVI methodology

Plot -Tsin situ TSQin et al. Tsin 5itu_};Qin et al.
(K) (K) (K)
Reddish soil and vine 311.88 31044 —1.44
Light soil, few vegetation 31166 308.56 =310
Brown soil 312.55 31034 =221
Vine 311,15 309.42 - 1.73
Mixed soil (brown and light) 313.19  311.20 - 1.99
Clayish soil 312.90  310.86 -2.04
Forest 306.24 30417 —2.08
bias -2.09
@ 0.52
rmsd 2.15

HIH Qin et al 75 iH AR 5 SR IR 72 57

Comparison between the “in situ™ land surface temperature and the one
obtained with the Jiménez-Muiioz and Sobrino’s algorithm (JM&S) using
the emissivity obtained from the NDVI methodology

Plot Tsin situ TSJ.\-!I&S Tsin s:iiu_};J.'v!I&S
(K) (K) (K)
Reddish soil and vine 311.88 313.28 - 1.39
Light soil, few vegetation 311.66 311.44 0.22
Brown soil 312.55 313,18 =063
Vine 31115 312.28 -1.14
Mixed soil (brown and light) 313.19 314.02 - 0.82
Clayish soil 312.90 313.68 - 0.78
Forest 306.24 307.17 —-0.93
bias - 0.78
o 0.51
rmisd 0.93
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SR 2:
Qihao Weng ,Dengsheng, and Jacquelyn Schubring, “Estimation of land surface temperature
-vegetation abundance relationship for urban heat island studies,” Remote Sensing of Environment,

\ol. 89, pp. 467-483, 2005
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Correlation coefficients between S, and GV fraction, and between S, and NDVI by LULC type (significant at 0.05 level)

Resolution 30m 60 m 120 m 240 m 480 m 960 m
S/GV S/NDVI  S/GV S/NDVI  S/GV S/NDVI S/GV S/NDVI  §/GV S/NDVI  S/GV S/NDVI
fraction fraction fraction fraction fraction fraction
Commercial —0.6559 —06125 —0.6630 —0.6244 —0.6729 —0.6360 -0.6694 —0.6107 —0.5863 —0.5594 —05430 -035217
and industrial land
Residential =0.6763 =0.6663 =0.6897 =0.6812 =0.6909 =0.6845 =0.6875 =0.6365 =0.6003 =0.5619 =0.5862 =0.5449
Cropland —0.7538 —0.7265 —-0.7982 —0.7915 -0.8613 —0.8041 -0.8316 -07641 —-0.7901 -0.7304 -0.7751 -0.6192
Grassland — 03760 —03573 —04431 —0.4056 —-04856 -—04149 -04546 -0.3934 —-04097 -0.3382 -03656 —02911
Pasture —0.4105 —03363 —04580 —0.4422 -04920 -04563 -04795 —04288 —04176 -0.3539 —03952 —03144
Forest —0.7343 —07156 -0.7919 —0.7330 —0.8333 —0.7751 —0.7509 -0.7137 —0.7087 -0.6468 —0.6556 —05772
Water —0.2416 —0.1972 -02601 -0.2587 -02719 -—-02707 -02219 -0.2178 —0.1935 —0.1887 —0.1130 —-0.1027
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SR 3:
Yves Julien , José A. Sobrino, “The Yearly Land Cover Dynamics(YLCD) method: An analysis of

global vegetation from NDVI and LST parameters,” Remote Sensing of Environment, Vol.113, pp.
329-334, 2009

228



0.9
0.8 A
0.7 1
0.6
0.5
04 9---
03 4---
0.2
01 4-----------------

0 T T T
0 0.2 04 0.6 0.8 1

NDVI

LST

+ Sweden
regression line

Fig. 2. Chosen parameters for vegetation description in the LST-NDVI feature space.
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Fig. 4. IHS (Intensity-Hue-Saturation) image of NDVI-LST feature space parameter at global scale. Colors indicate ¢ values, characterizing vegetation types; intensity codes d values,
characterizing NDVI-LST annual cycle extent; and saturation codes R? values, related to regression confidence.
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H. Shen, L. Huang, L. Zhang, P. Wu, and C. Zeng, ” Long-term and fine-scale satellite monitoring
of the urban heat island effect by the fusion of multi-temporal and multi-sensor remote sensed data:
A 26-year case study of the city of Wuhan in China,” Remote Sensing of Environment, vol. 7, no.
1, pp. 31-40, 2016.
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Ligin Cao, Pingxiang Li, Liangpei Zhang, Remote Sensing Image-based Analysis of The

Relationship Between Urban Heat Island and Vegetation Fraction. ISPRS. 2008, Vol XXXVII.
Part B7

s
004
[ Joe0s
0508
s
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The normalized temperature distribution in the study area onOct 26, 1988(a), Oct 23, 1991(b), Oct 4, 1996(c) and
Oct 13, 2002(d)
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The vegetation fraction in the study area on Oct 26, 1988(a), Oct 23, 1991(b), Oct 4, 1996(c) and Oct 13, 2002(d)
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