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AT TE RS T R v Dbk e FIARAL HE R H AT BBV E T O, B A DX RS )k
R, WX IR Y YA e H TR, R X AR AR B R T EAAR B DRI, R X AT
LUCC(land use and land cover change) £l 2 A7 FEE IS . 18 BB E A — M ek 15 BoR A
Jii, A8 LUCC gt HAG I WALy, 18 F 28 EEOR AT LUCC W9 248 A B N 40228 i 5T 1) 4
#iZ— B-5 CBERS(China-Brazil Earth Resources Satellite)-01/02/02B 2 &I & %t 5, CBERS CCD
Him O ch LUCC Rl it 5 240 ki, IR 2225 16 CBERS CCD EHRHEAT T ARG, Du
%5 16 R Z F 40 CBERS CCD El&, 43 ilic F 3 Fhar 28 5 b2 O i oA {8, 58I T CBERS
B AR T SO SR A R AR You &5 7V TSk 1T CBERS CCD ##s#5L 7 LUCC Wil Jy
W, VP T TR A A SR SRR TR 3R 0 S N ARG BRI bR T A5 B8 % 8] 43 e 1R BR ) 50 X AR
AWEL R A, 57X CBERS CCD EURE M A A3 RE IR G50, 4 i) B R R S 8 oo A
J& TR — AT LUCC A, b 23 s MRS B2, o b B BIR A B0/ BRI X
CCD K% R - 28 W f sl 40 8, T3 B LUCC Kl 55 43 B A MERFPE . AR SCLARE R 31
YT 2002 4F. 2006 EF1 2010 4F 3 MINHAHK) CBERS CCD KM%, TR A5 00 i RSB 9%

S| FMER: BULE, Fhavgl, R0k, 45 BT CBERS CCD UMY WX Luce . b ERFEE: FEERE, 2011, 4108
Fily: 128-139
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1 HREREGUEAE (EEAFTHITEE, £EA 2006 £ CBERS CCD [Elf%, RGB=4,3,2)
Figure 1 Location of the study area (the left is the administrative map of Jining city, and the right is
the CBERS image of the year 2006, RGB=4,3,2)

DX P 5 ) AR A B P, R 4 R EA TR VP A RN GEvh 0, T 0 M R A S B X -
M S B ARG, AR B G & PR LB DRI A S ER AU B

2 MREXREENE

2.1 FRXHEEHE

JEEHEIER R T AR B T AR G ELAKERBUR A, 1993 ETTHRZE A, 1995 SETT LEEBE, 2000 £F3R T
B (http:/ /www.luwacoal.com/page/jianjie.html). # - I HETHIFRZ) 20.5 km?, ABUSLIFH, J: it
JoOR 3 il B, WRIER LD 10.46 m, MU LY 1.48 420, RERAk R 6000 10, #%0E L RESI N
120 J7 /45 SRR 32 SO ARAK S IR R AIGHR e R ) ER BRI UK, BR3P I8 £ 28 ML kg
DAL,

JEEERER™ AR W L], JRVEEII i, B ARAL v, PR SRES DS Mt 1 B35 4 3 J K T AR FR UK, e
B A 2000 AEF7 AR A, AT 7000 w7 HARRA, b 90% AR H B ASCHEFE X AL T iR
I JTARIT AT I AR A, SR PE AL T A AR VYA T ). WIFSTIX SR T Tl T AL A B n 18] 1 Fross.

2.2 SCIGEIE R FikiE

ASCHIH 2002 4F+ 2006 FFEAT 2010 4 3 AN AR 28 B, RHEEEER MG X AT LUCC £l
5T, i KA CBERS CCD K% (CBERS-02B £ %1 CCD MNLSHINE 1), 5 5 MNEL, &
KAE G A3 %R 19.5 m, BHEER B B 5 DA N 0 (http://www.cresda.com/n16/n1115/
n1432/index.html), HUES K 372, 17415 K 61, 7= HhZ AR Level 2. 3 MM EI% 554 CBERS
01, 02, 02B /[ CCD #udiE, Belleist1a] 437l 4 2002 4 2 F 3 H. 2006 4F 3 J1 14 H. 2010 4£ 2 /] 18
H, J& T m—Z=77, RS A L REb =,
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# 1 CBERS-02B £###i CCD HHl5H
Table 1 Parameters of CBERS-02B CCD camera

Band Wavelength Spatial resolution Calibration Swath width Revision period
number (pm) (m) coefficient (km) (d)

BO1 0.45—0.52 20 0.9282

B02 0.52—0.59 20 0.8230

B03 0.63—0.69 20 1.5066 113 26

B04 0.77—0.89 20 1.7484

B05 0.51—0.73 20 1.0023

@ e ©
2 WRXEA CBERS CCD fRERZ&EL
Figure 2 CBERS CCD standard false color images of the study area
(a) February 3, 2002; (b) March 14, 2006; (c) February 18, 2010

CBERS CCD #ffs FiAb 2 3= SRR AT RLIE . JUATRIIE . MU RCHE . PR BT R, ¥ 5eA
Hh ] R Y TR S LR IR SE b R BOH SR S L R, R T ENVI FLAASH BEBRZEA T KR
IEARBI SN 2B O g1 3 AMIAH CBERS CCD Els 7655 5 I B HATH] B MR 4, i
LAER 4 eBOhHEUE, 055 5 P BLEAT JLATRIE; Lh 2006 4FEIHG 275 KR, IR 20 A2 i 4
RN 2002 AFAT 2010 A EREEAT HERICAE; B Jm ARAEIFFE X GBI A5 21 3 MK/ A 400x400 F T
KR, wilEl 2 Pros.

3 WRAE

AR Z 1A CBERS CCD 5O R B g gt AT LUCC Kl 500y, £E 2.2 ik
K b BRI 36 Al L R AR T BELAR 5772: (particle swarm optimization, PSO) 43 l#2H 3 AN AH
A I, ARG I T AR A B BT IR G B o0 0 il R4S 21 1 M) = B2 BEORHAIE T D 50 1) 1 3 AR
ACIEATATIN, HAR B WKl 3 k.

3.1 ImTTiREER

AR R AL R I 26545 T4 5L (pixel purity index, PPT)1O, B E K EVL (simplex growing
algorithm, SGA)M & v 7o P IUEE: = B LT LT 24 1, I G b BT (0 s AR S M T —
A e R AR, T T A R0 TG 3 P A0 B T AR IR TR, WS 5 e WA e S AR 38 120, an ] 4 Bros
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Radiometric calibration, geometric correction,
georeferencing, image cropping

[ CBERS CCD data ]

\
[ Image preprocessing }

Maximum noise fraction transform

v

\ 4 Initialize the particle swarm ]
PSO-based Y
endmember extraction . — — -
Initialize positions and velocities of particles ]

v v

[Linear spectral unmixing] o [ Update positions and velocities of particles

v

Update fitness values of particles

v

Is the determination condition satisfied?

*Yes ;

Output the best solution ]

v 5
Endmember :
abundance maps 1

A

LUCC detection
and analysis

3 WAHLE
Figure 3 The technical flow chart

/"]

\ Bandj

Endmember b

Endmember ¢

Endmember a

Band i

4 B I(HEAARR) FNIRER j(HAEAR) RO ZHERLSE

Figure 4 The scatter plot of band i (horizontal axis) and band j (vertical axis)

AR, 3 BT a/b/c BT = AR T, = TV 580 AU PR 3 1. [
S 9 13 TSR 1 5 SR T R AU K B R TE IOk o, 45 S50 RS
HEAT AL BB m — 1 ANDREL, BEBLEEEE m AT R BE, IVE TR A M R B
Ay

E=le1r e - enl (1)

0 e (2)
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He;=len ein -+ eimon))t FRHE i MmsclF R, U FoRPICARKAER, J FoRmsise
N1 m AT, | o | FasAT A I HAT.

PSO J& T A A AR 5% 181 510 S RER B AT AW, 2 Fh e TR AL T,
HARS . BoSEI . Rk A, 2 HirR it . sh SR GREE . 2 AL
EUNZREE T A2 7 Z N LAk, R 2 A8 A PSO FIUE R P, A SRS
DI T R AR, SINT BRI i D g% S50 PSO SkikAT 7 okt 041, Jorp) 51N
WAL AR PSO 130 EBATAE T HARIEFAIEE T2 A PR vk ol A SCRI A (1) #1(2) voE H
PREAEL, R BT HARLEFEN PSO HIEN 212061 CCD E§um ot i, RSB T

IR 1. 2N B 2 KM 7R 7 B AR e (maximum noise fraction, MNF)0l % m — 1
Yt (m Adm o), BB BB RREL dinax, JF2 A HNHIEIREL d = 0.

AR 2. WIRACRIRE, A2 K MR, HIEERL P RER RN {Xg.li = 1,2, K}, Xai = [Xg1
Xaiz - Xagm) RAKT i OCE, K, Xa, = @41 Taige - Tdujm-n)" NRT i 15
N TCAE MNF ARl i) [0 5832058 il b0 FAERL T A5 0, RS BOE 1 H AR s B0k S5
AR IENAE U(Xa.).

AU 3. WKL R AR 0 A S ORI AL S Ly & NAE U (L), % Li = Xaa, 2
U(L;) = U(Xq,); PIEAA SRR PN E G FIENAE U(G), BRGNS R TE k4 R dx
PR, B U(Q) = max[U(L)); WIEHFIRES R THIEE {vaali = 1,2,..., K}, FIHBMER 0. 7%
N1 IERS AT BB AEL S ) i g THIRICE.

AR A R 0 R EERALE, THE AT

Vat1, = W0q,; + 171 (P — Xg;) + cora(Py — Xa4), (3)

Xat1,: = Xai +v44, (4)

A, w AR, e B o AT v Foro 2 0 B 1 Z 35 0 AT B LEL.

AR 5. TR RE RERL T 4, R RENAE U(Xag1,), 47 U(Xag1,:) > U(L;), W
A Li=Xas14, X UWL) =U(Xgp1.4)-

IR 6. WHT A R EAUR T IIAL B RIENAE, 27 max[U(L;)] > U(G), W% U(G) = max[U(L;)].

AT KRR {Xaali = 1,2, K} 3258 NAR KRBT HERS, R B 1) — 2R 1
AT B R 52 ) et i 22 ) — 2 O A E MR, &R T 0 S R B A B Ly MR i N A

WER 8. B d < dmax W, & d =d+1, REEPER 4; FNUGERHIGEN, f 2 /s 1 167 &
G=lg1 g2 - g, EH, g;=[91 g2 - Qj(mq)]T, gk BRIGTG § A kA~ MNF 735,
TG g, MG A LRk BT 1H5T gy 55 MNF BT &AMG T MIEDERE A, 1otk
FdR /N TR Ry B 2 3 76, I 3 de 28 S T AR SRR 22 061 IR b ) AR AR B DG 1% R

3.2 BEBITkENEER

FELMEIR BT 26 BRI IR TT i ZEEBE & LIRS roy WTABOR AT m A
LA ILAEAL 45, R BT 09,

rik:Zaijsij"'nik, k:172a"'7ba (5)
j=1
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Rl [R2 [R3 |R4 |R5 |R6

(a) (b)
5 RHEG
Figure 5 The simulated image

(a) Structure graph; (b) image before adding noise (band 66); (c) image after adding noise (band 66)

A, any R § DIRTCHIEE k ANPBI RS, 555 FoRH j M TC/ERAEIT @ T i e,
nge RANEIG i Bk ADNBBUIER, b Ros 265 BB B
4 R; = [Tﬂ Tig - Tib]T 7"7%7‘%1]%21%':'3{%7—5 1 E‘Jﬁlﬁfé‘ﬁ%, A= [01 az - am] A th
FuG § BEHERYE a; = [a; agy oo any]T MIRIHIRE, S = [sa sz - sim) T RINIZBIC
om T RO E PR, NG = [na nee - na)T RORBIT @ B, IZAMETR SR RO RE
(R AW
R, =AxS;,+ N;,. (6)

FomCEIEREE A O, RPEIR A S H S, ISR AR ) e £ DA 1 B R e PR Al o 1) A, 3
A SN SRR AT SRR, AL Ny AORGE B fe/s. ARGER S B0 il IR (K e B B, S5 i AL
AN LR GAF: — IR G BITH B AL sy £ [0, 1] SERIWEE, =2 Y7 sy = 1. ASCHIHISET
PSO [ yeie AR u B AL A Ja, /%8 S, IR ANARGAFIREOL T, RN E B4R
BNk DO AT S AN

3.3 A AIGE

HEH AVIRIS YGil % (http://speclab.cr.usgs.gov/spectral-lib.html) H ¥ BALA (Alunite) PHAZ AT
(Actinolite) A KA1 (Bytownite) 3 Bl ¢l 4k (224 ANEL) A — AL, M A SCE T
IRA BT 1R T IEAT AR, BIEHE KN A 60x60, B 6 ASFH (R1-R6) FIEK, WK 5(a) AR,
e BRI AT 2 B P AN R L) & il e U, ey, BIRLA /E R1-R6 1B i oy EL sl 4y
B 100%- 80%- 60%~ 40%- 20% H 0%; SRJEHEN 12 A5 ml, BENTH 2 A, JH s it Ko
JERERC AN TS SRR L R 11 WA AR, W 5(b) s Ba IMABEAL AR FELL R 30 db, W
Kl 5(c).

218 3.1 FIPTIRI PSO T2t gt Jo A AU EHR BEAT S e B, Herpr, 27 I BT el Al e2 B90h 2,
PHEAE w 24 0.7, ZAXRECH 5000, 193] PSO s ci s B, IF vk 85 SibDa ik (615 # BE 2,
DL £ B A O i G SR EBURS B2 IO VEAN PR bR, 5 PPI A SGA i yCHEHN &5 Bk T Hede. Lk 3 Fligoc
FEMUAILRE B 2 Proi, T LA, PSO HIAMRT R+ PPT AT SGA, IXBLWIASL PSO Jii G
IR BAT — A . FIH PSO S yci U IR, Je T 58 4y iidn /) SRV AT IR &5 T ik, 71
fil 25 KW 6 s
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R 2 ZipinT SRR RIERS

Table 2 Spectral angle distances between endmembers and reference spectra

PSO algorithm PPI algorithm SGA algorithm
Alunite 0.055 0.131 0.065
Actinolite 0.078 0.103 0.099
Bytownite 0.061 0.084 0.071

(a) (b) (©
6 REGTHBEIMENMEGRAS FEMIT
Figure 6 Estimated abundance fractions of each component in the simulated image obtained by
linear spectral unmixing

(a) Alunite fraction image; (b) actinolite fraction image; (¢) bytownite fraction image

% 3 ImITATALRIGE & b RS B A4 AR

Table 3 Space coordinates of the endmembers in original images

Year Water Construction land Farmland Bare soil
2002 (146, 257) (348, 156) (87, 242) (58, 145)
2006 (149, 251) (237, 132) (125, 240) (280, 100)
2010 (151, 181) (195, 304) (280, 225) (265, 178)

4 HRESH

R FEE AR B B X 45 ) 8 R SE B o, 108 4 Bl 7oA 2 il oA 7k Ad . AR b AR H
T (), I KR T B S IR AT X S (1 B 2 AR, DA B b R R AR B RK, AR
M EEART Gy J2 . TH, ARKSE. ZET Matlab 76, FIFZET A& PSO [k o IUE 2T 3
AN AR CBERS CCD EHG AT U e L. A T8 s SE0a AT 308, H5ERIH ENVI A4F N 4EnT#i
T2k FE 3 R MG B A PG T E A VIR 7B, 3 AN ARIERE I8 0500 51 1044, 852 il
908, NIFILAAIARL T 00 A 261, 213, 227; SRJGHET PSO Ui sGHEH 7 1538 A3 44 iy 7 119 2% 5] A b Al
JEPEm R, £ 3 A T S un o e RGN B T AT SIS, R AR (2, y) RoREBT S« 47,
oy GO E. B 7 4 HT 2006 SEFT 2010 ARG GG IS L.
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1@ 001
0.5 1 0.5 A /.\
[} (9]
% 0.4 4 - é 0.4 4 \-
3 03 o= 3 031
g g
~ 0.2 - _—\ ~ 0.2
0.1 - / 0.1
0 : : . . 0 :
1 2 3 4 5 1 2 3 4 5
Band number Band number
~+= Water =@~ Construction land Farmland === Bare soil

7 H3RRXE CBERS CCD Ef& 89T i i 2%
Figure 7 Endmember spectral curves from CBERS CCD images of the study area
(a) The year of 2006; (b) the year of 2010

B8 WEXE 2002 FHIFEE
Figure 8 The abundance maps for the study area of the year 2002
(a) Water fraction image; (b) construction land fraction image; (c) farmland fraction image;

(d) bare soil fraction image

@ (b) @ @
9 MRXIY 2006 FHIFEE
Figure 9 The abundance maps for the study area of the year 2006

(a) Water fraction image; (b) construction land fraction image; (c) farmland fraction image;

(d) bare soil fraction image

1)) Tsaac Gerg 4% Matlab Hyperspectral Toolbox |- H4H (http://sourceforge.net/apps/media-
wiki/ matlabhyperspec/index.php?title=Main_Page), F|H 56 &2 W /N vl AT IR A 14 e 2k o0,
TP RIRE BN 3 ANIRAR Y 4 R o= EE I, il 8-10 Fros. ASCAEIEI TR ZE (root mean
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o e @
E 10 WMRXE 2010 FHFEEE
Figure 10 The abundance maps for the study area of the year 2010
(a) Water fraction image; (b) construction land fraction image; (c) farmland fraction image;

(d) bare soil fraction image

(a) (b) (©)
11 CBERS CCD E#%ESETLESMRER RMSE &R
Figure 11 RMSE results after pixel unmixing for CBERS CCD images
(a) Result of the year 2002; (b) result of the year 2006; (c) result of the year 2010

square error, RMSE) EUE IRIIE0 SEI6 45 BT R FE VP, 8 dm 7o 3 URIR 545 0 0 i i, i id 25
ZUSE (FEF SR T R RE IR EET), KERE RMSE ¥ /NI — 2 45 A by B 28 i ot
FEE. IR TFRER 2. BIHERESR 0.7, BRI E N 10000 B, 3 A4 CBERS CCD
Z IS GG 5 T/ R 5 (1) RMSE SAME &/, 439900 0.167, 0.162 F1 0.169, XN [¥ RMSE K4 0.
11.

Ui G 52 I TP IR SR A A A R AR TR S R s b i o LA, Mt A B ) & PEAE SR AN S
e LA G 23 18] 43 e IR J7 W o] LA 225 R A T AR, Sevt 45 R W3R 4. ik 4 op W mTda, Bl e
JER™ BB L IR, WFFE X8 A K AR TR ARG 0, 2002 4E 22 2010 4 A ZK AR AT A7 LU B 16.49%
Bm#| 20.73%, Hr1, 2006 KA AL 2002 80T 9.57%, 2010 4EHE 2006 FFHGIN T 14.74%; 5
BETRI, A% FH I RR SRR /D, 2006 SEAC I THIAR EL 2002 4E6/0 T 5.63%, 2010 4ELE 2006 4R/ T 4.77%,
2002 442 2010 AFE AR HTHAPT & Lol B 52.55% FE3 47.22%.

R X FREE %, o RS B () S Pt A2 A AN R O, 0, 18 1 oh A B (o7 B B 20 1) 359
Featth, il 8(a). ¥ 9(a) FIE 10(a)3 ASEHAHI KR REE 0T DL B A i, eI B i AU AR 18 i, #R7
TR, FRZ R BRI, TRER AR 2002 R IR /N, £E 2006 4F\ 2010 4F [ P9 &, 5305 AR
IKTARE G . seAh, A T oMb g b7 m )& 1 B ot &, 456K 8-10 23 nl 4, 147 &
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x4 WMIRRBASEMYEREREENL (7 RTEM, | RRED)

Table 4 The total area and the land cover change for each class in the study area (] denotes an increase, | denotes a

decrease)
Categories Area (km?) Area (%) Area change
Year 2002 Year 2006 Year 2010 Year 2002 Year 2006 Year 2010 2002-2006 2006-2010
Water 10.03 10.99 12.61 16.49 18.06 20.73 19.57% 1 14.74%
Construction land 10.99 11.75 12.30 18.06 19.31 20.22 16.92% 1 4.68%
Farmland 31.97 30.17 28.73 52.55 49.59 47.22 1 5.63% 1 4.77%
Bare soil 7.85 7.93 7.20 12.90 13.04 11.83 11.02% 19.21%

7E 2002 24— AR H, 2006 4 I T ERIHB TS0 B T - BUCTE PRI LS, IR R BERGR, PR R
EIn b, I AL LR 3L 2006 4F IR 2002 SFEAT PRGN RN 22— JE K
IREAE V48 B B 00 DA ¥R KX, T S A R IR IR AR = 552, 3 2010 4F LIRS 2006 AR L XA T
R

h Y B AIG SR B DXy SR PR A7 TS M), >4 b BOURT AR 4R SE B 15 DU T a4 8 DRI
B VA EET R, BOCHRE E T EHbR AR WETD  IRR R A D (] 1R A R TTR) SRR
W1, KL, FRREE, ORI R K=, 6 TRUKBR M G (Wi 1 B A& o), WK
HFAZR AR T AT 1 B, AR B [R] I 42H 1 7K, DA™ X AR AR EE R A B w] R4k ke
PEAE T A BEAE K= FRBRE K, W8 T M R 2000 A RE, F 5T DX 35 P Sl AR b AR A 1,
2002 F4 2010 4E[0), ZHH M AT & LB 18.06% 9 INE] 20.22%, fE—EFEE E MY T 24 A
AR .

5 45ig

A BB AR TR 5, BL 2002 4E. 2006 4EF1 2010 4F 3 ANAIY CBERS CCD K%
VR 28 B YR, AU EET PSO (13 o B PEH T AT S Y K A S R P B | A FHFD 1458 4
Uity TG, S 2 M R IR A AR R FH 58 A 2 U/ RV SR AT A Rt 2R B W R B, JRx LUCC
Fr Il &5 FEAT T RS BE VPR RN GE vt 23 B, B Ao BT T 5 DX ek P 5 78 6 R - b R A A A R D R
SrHTES AR, 2002 4R 2010 A IR), VR B0 B H AR AR In, 5 BOCHAAR -HBUK T GVERHE,
HIL TR Z BUKIX, MBSO E o TF R R B R A0 8, fF— e B b3 7 R R R e T
MR . ARSCRAE TR AR IC A RERTERN M X LUCC Rl b (i wl Sk, Zevh- o pir i SRn]
RFE VG B H b« (R X AR A P AT AR A A AN S

5% ik
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Abstract This paper investigates land use and land cover change (LUCC) using pixel unmixing technology

138



HEREE FERY B4 T

in a case study of the Luwa coal mining region, based on multitemporal China-Brazil Earth Resources Satellite
(CBERS) CCD data. Three temporal CBERS CCD images for the years 2002, 2006 and 2010 were selected as
remote sensing data sources. For each image, four types of endmembers (water, building, farmland and soil)
were selected after applying particle swarm optimization (PSO) to the endmember extraction procedure, and the
fractional abundance image of each endmember was derived from a linear spectral mixture model. Pixel unmixing
results were subjected to performance evaluation and statistical analysis. LUCC detection results showed that
during the period from 2002-2010, subsidence areas had increased, with the result that large areas of farmland
had become submerged and rendered unfit for cultivation. Finally, the subsidence control measures taken by the

local government were discussed in light of the results of the land use change analysis.

Keywords China-Brazil Earth Resources Satellite (CBERS), land use and land cover change (LUCC), Luwa
coal mine, particle swarm optimization (PSO), pixel unmixing
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