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ABSTRACT

The remote sense is the key technique for the mangrove zoology monitoring.
The widely accepted remote sensing method for classification of mangrove usually
requires high quality images, and a training area which is difficult to find. This study
particularly recites the application development of remote sensing in mangrove
environment search, then this study aims to develop a more applicable method of the
three mangrove species classification on LANDSAT Thematic Mapper (TM) data and
SPOT-5 data at a study site in the JiuLong River estuary.

On the basis of in situ reflectance (0.35-1.1pum) measurements done in the
JiuLong River estuary mangrove protection area, FuJian , China, the reflectance
feature of three types of mangrove, which are Kandelia candel, Aegiceras
corniculatum, and Avicennia marina, were investigated. Then analyzing mangrove
canopy spectral reflectance Characteristics and compare their differences by Using the
spectral data collected in fields.

Based on the image processing approaches of the fusion of SPOT-5 PAN band
with TM multi-spectrum bands, a series of image processing approaches aimed at
mangrove mapping had been discussed, including geometric correction, data fusion of
images, subset, enhancement and color combination. The image of RGB543 and
RGB432 acquired enjoyed the characteristics of clear outline, color enrichment,
distinct gradation.

Sampling with the data recorded by using GPS(global positioning system) and
validating in situ survey data, select some training area from the remote sensed
imagery accurately through visual interpretation, then repeat training sample till get
the representative area data of the three mangrove species.

The mangrove species distribution information were extracted by means of
Multi-Stage Classification Approach and traditional Multi-bands combination
Classification Approach , all this are carried out though the image processing soft
ERDARS IMAGINE.

To evaluate the method developed in this study, error matrix and kappa values

were calculated. Comparison with traditional classification methods were also done. It
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is concluded that the Multi-Stage Classification Approach has higher precision

compared to traditional methods.

Key wor ds. Mangrove; Remote sensing; Spectral reflectance; Data fusion;

Classification

44



5 EB IS

H X

F—F BERBAEIHHRESENSHRPOMABHE............... 1
R 3L = OO 1
1.2 EBRMERRMIEEMEENERIRBIAE o, 2

120 B JRIEIRIIERE oot 2
1.2.2 BB E B TV e 2
1221 AT HBIBETE oo 3
1.2.2.2 BB BT e e 3
1.2.2.3 BB TR oo 4
1.2.2.4 BEIRIIETT oo 4
13 DEEBREAEAMKESENSTRPFROMARS e, 4
1.3.1 ZT R A1 90 AT R P2 22 BN WA e 5
1.3.2 ZERRIE I FIZEAMEIDE A0 e 6
1.4 ZEHETRIRIE oo 8
1.5 FBITLLAHEER ..ot 9

B HRRBRSEIETTEE ..o 11
2.1 FRGRIRHEID ..ot 1
2.2 HIE S HABBIRIEE ..o, 15
23 BB RN ERREREIE s 18

FEE AREYRE ST o, 21
SR AR 53 E =L b = 1O 21
32 BEIR. A, WM ERIEEAIELE o 25

A=A L B 3 (Sl 29
A1 BREERDLERARITIR e 29
4.2 ERBEMR S EBIETMFIT R ..o, 31

4.2.1 TEIEEMR I ZEIEIU oo 31
422 FBIEBEE I DB oo 31

45



5 EB IS

A3 EBEREIR D ZEETTTE oo s 32
B30 HEMEEE AT e 32
832 WEBEIFZ oo 33
433 B BIRIEEME AT L s 35

4.4 BFEEBBBIRREGHIAR oo 37

A5 ERBEIR D IR RHEED oo 39

ERE EURDIERIE e 41

5.1 BRIEMGAITRABIE .....coovvv s s 41
5.01.1 BBIBSEAR T UTREIEIE oo 41
5.1.2 FEIBGEAGEIIERA oot 43
513 BBIEFLAGTII oo 44
5.1.4 FEBGAGIETRAN I oo 44

5.2 EBEREEGE B AMFIZ oot 47

5.3 YA—ALEEIEIEEIINDVI) oo 49

54 BT REBRCGHMESHBEBEIELR ..o, 51
5.4.1 B B B IR oo 51
5.4.2 YIGRBEDR I E FIEHEZE T oo 52
5.4.3 JGIERFAEAITHIZ IR 2 BRI e, 53
544 — I Z BB AT s 55

5.5 A EAB I oo 59
5.5.1 D IREFETFAEFRFR oo 59
5.5.2 3 FEREFE TG oo 60

5.6 xRXIE Quick Bird DEEBREIRFHBEMBIE ..., 61

FEARE BIBFIREE e 65

Bl ZETE oo 65

B.2 BUBTER oo 65

B.3 TBERBEE ..o s 66

46



5 EB IS

5 =3P TT 75
Bk A R IE R S R M BB AL AR R R R B LT B e, 75
HFEB MBOEEBHIFNEBL ..o 77
SR C oottt 80

FER I B 2 iRtk 5 U
SRR RIS
ARSI
4 OO 81

47



5 EB IS

Contents

CHAPTER 1. SUMMARIZE OF THE APPLICATION DEVELOPMENT OF

REMOTE SENSING IN MANGROVE ENVIRONMENT SEARCH ................. 1
1.1 STUDY BACKGROUND OF THE ITEM.........ccccooiiiiiiiniiiiiiiciciieicee 1
1.2 SELECTION OF REMOTE SENSING DATA AND GENERAL

INFORMATION EXTRACTION METHODS.......ccoiiiiiiiiniiiteeeeciieece 2
1.1.1 Selection of remote sensing data...........cceeevveeerieeeiieeeie e 2
1.1.2 General information extraction methods ............ccceeciiviieiniiinieiniienieeieenee, 2

1.2.2.1 Visual interpretation.........c.eeeeeeeeieeesiieenieeioieesoiaescieeesveeesveeesnveeennns 3
1.2.2.2 Wave band combination.............eeceereeiiiiieniiniiienieneeie e 3
1.2.2.3 Image classifiCation ..........ccceecvueeeeiieeeiiieeeiie et ee e esveeeevee e 4
1.2.2.4 Model classifiCation ..........cceeviveeriiinienieniieiceieseee e 4

1.3 THE APPLICATION OF REMOTE SENSING IN MANGROVE
ENVIRONMENT SEARCH .....ccciiiiiiiiiiiiiiiciiniccceccceee e 4

1.3.1 Investigation of mangrove distribution, area measurement and variation

AEEECLION ...ttt st 5

1.3.2 Classification of congeneric mangrove and differentiate with others......... 6
1.4 RESEARCH PLAN ....oiiiiiiiieee ettt s 8
1.5 STRUCTURE OF THESIS ...ttt 9

CHAPTER 2. STUDY AREASINTRODUCTION AND DATA

OBTAINMENT ..o 11
2.1 STUDY AREAS INTRODUCTION .....cccociiiiiiiiiiiiiiiiieiicicecieeeeee 11
2.2 IN SITU REFLECTANCE MEASUREMENTS ...t 15
2.3 REMOTE SENCING DATA USED IN MAP CLASSIFICATION ................ 18

CHAPTER3.ANALYSISOF MANGROVE CANOPY SPECTURE
REFLECTANCE ... s 21
3.1 CHARACTERISTIC OF MANGROVE CANOPY SPECTURE
REFLECTANCE ...ttt 21

48



5 EB IS

3.2 COMPARITION OF CANOPY SPECTRAL REFLECTANCE OF THE

THREE MANGROVE ..ottt 25
CHAPTER4. CLASSIFICATION METHODSIN REMOTE SENSING....... 29
4.1 PRINCIPLE ..ottt st st 29
4.2 PROCEDURE .......ooiiiiiiiieteeee ettt s 31
A3 METHODS ...ttt ettt e 32
4.3.1 Unsupervision classifiCation ...........ccccveereuieenciieeriieeeiieeeieeeevee e s 32
4.3.2 Supervision classification ...........ceecuieriieriieniieeriieeie ettt 33
4.3.3 Multi-Stage Classification Approach..........cccceeevvieeiiiiiiiiineninieniie e 35

4. 4 DATA FUSION ...ttt ettt e sh ettt 37
4.5 PROGRESSES. ... .ottt st eneas 39
CHAPTERS. MAP CLASSIFICATION ..ot 41
5.1 IMAGE PRE-PROCESSING APPROACHES........ccioiiiieieieeee e 41
5.1.1 GEOMELIIC COTTECHION ..euveeieiieniiiieerieete ettt ettt ettt et 41
5.1.2 Data fusion Of TMAZES ......ceeiiieeeriiieiiieeiiee e e sevee e 43
513 SUDSEL ...ttt 44
5.1.4 ENhanCemMeNt ........cccuiiiiiiiiiiiiiiiie ettt st 44

5.2 VISUAL INTERPRETATION ......ooiiiiiiiiienieienteeee e 47
5.3 NDVI VEGETATION INDEX .....cooiiiiiieiieierieeeeeeee e 49
5.4 CLASSIFICATION......oitiiitiiieieetete ettt 51
5.4.1 Construct new band variable...........c.cccoooiiiiiiiiiiiieee 51
5.4.2 Training areas selection and statistical average ...........cccoeeeeevierieicieennnnns 52
5.4.3 Multi-Stage Classification Approach........cccceeeveeeciiinciiecieeeiie e 53
5.4.4 Traditional Multi-bands combination Classification Approach .............. 55

5.5 EVALUATION ..ottt ettt 59
5.5.1 Precision evaluation iNdeX ..........cccoveereriirieniiniienieneeie e 59
5.5.2 ACCUIACY ASSESSINENL .......vivvevieevceireteeeteeeeteteeseteeseteaeeseseesesessesessesesssesesseseseesesessesens 60

5.6 VISUAL INTERPRETATION OF Quick Bird IMAGE.........cccccovciininiinnne. 61
CHAPTERG6. SUMMARY AND DISCUSSION .....cccviieiieireeeneeieseesie e 65
0.1 SUMMARY ..ottt ettt st 65



5 EB IS

6.2 ORIGINALITIES ..ot 65
6.3 DEFICIENCY AND RESEARCH FORECAST ......ccccceiiiiiiniiiiiiiiicicene 66
REFERENCQCE ... 69
APPENDIX L. 75
ACKNOWLEDGEMENT ...ttt 81

50



5 BB KRR

EZs|
B 1-1 R SCEHLUHEZEIE] oo 10
B 2-1 BT BT R TR oo 12
Bl 2-2 DR X AT ] R = b D' 3 IR W DRI A0 AT 14
B 2-3 BT ETE TRFE LI ] oo 15
B 2-4 SRR FUDGEEIIE IR T e 17
Bl 3-1  EFARRAEAFREA IR SR e, 24
Bl 3-2 =R R 2O R A e S22 G AR RO 2 TR LG e 26
Kl 3-3  —FPAN R 2O R A e 2 G AR SO 2R B 2 e 26
B 4-1 AR IE A TR R T B oo 29
Bl 42 FBIEPEMB I ZRIETE oot 30
K 4-3 2D MR BRI EE R oo 32
Bl 44 BN SRR oo 34
K 4-5 ZPRBERA IR oo 38
BIS-1 TM BBIEJRIETE oo 43
B 52 SPOT-5 ZEJEJFURIR oo 44
Bl 5-3  ZRPERIH AR IR oo 45
Kl 5-4 RGBA32 R A THIE oo 46
B 5-5 RGB543 AL SEIIE oo 47
Kl 56 R ETE SIFEFAE oo 49
P 5-7 A AERIBEFEEL (NDVID) B oo 51
B 5-8 LI I B 3 S BRAE ] oo 56
B15-9 s, oy HAEm i) 2 0 BRI B 3 B e, 57
K 5-10 ZuBAEH A Mo MTem B 2R 58
B 5-11 S AKITEZE FIE I H AT s 62
Kl o512 SERKHAR, IR AE TAMEI HIEL o, 63
B 5-13  WHAAERT AN BEBR I H ALHIEE oo 63

51



5 EB IS

FIGURE INDEX

Figl-1 The frame of theSiS......cccciiiriiiiiiiiiiie e 10
Fig 2-1 Photos of mangrove in research areas............cccoeceeverienienenicneenenienene 12
Fig 2-2 Location of the research areas flat with three sample sites outlined........... 14
Fig 2-3  Distributing of the in situ reflectance measurement samples..................... 15
Fig2-4 Photos of the in situ reflectance measurements .............cceeeeveeeecreeenivienainnns 17
Fig 3-1 canopy spectral reflectance of different sample collected in fields .............. 22
Fig3-2 Canopy spectral relative reflectance curve of the three mangrove ............. 25
Fig3-3 Canopy spectral reflectance ratios curve of the three mangrove ................ 25
Fig 4-1 The sample of a 2-D scattering plot........ccoccueeiriieiioiieeiiieeieeeee e 29
Fig 4-2 Classification principle of remote Sensing images........c..cceceevverveervereennen. 30
Fig 4-3 Common procedure of mangrove classification...........cccceevveeevveeecveeenennn. 32
Fig 4-4 Common procedure of supervision classification .............cccceveevervenennnen. 34
Fig 4-5 Common procedure of data fusion of Multi-images ...........cccceevvveeeveeenneen. 38
Fig 5-1 The original remote sense Image of TM ........ccccoeveviiniiiiiieninnenieneeee 43
Fig 5-2  The original remote sense image of SPOT-5........ccccviviiiiieiinieeeieeeen, 44
Fig 5-3 A sketch map of linearity StretChing...........occevveveiiiiiiniiiiiieccee 45
Fig 5-4 The image of RGBA32 .....oooiiiiieeeee et 46
Fig 5-5 The image of RGBS543 ..o 47
Fig 5-6 The spectral reflectance characteristic of vegetation ..........c.ccccceeveveennenn. 49
Fig 5-7 The image of NDVI .......oooiiiiiiiiiiieeee et 51
Fig 5-8 Procedure of Supervised Classification...........cccceeeeveeeeciieenciee e, 56

Fig 5-9 The mangrove species distribution map by means of Multi-Stage
Classification APProach.........cccueeeciieeiiieeiiiecieecee e 57

Fig 5-10 The mangrove species distribution map by means of Multi-bands

combination Classification Approach..........cccccceeeeieeriiieeicieeeniie e 58
Fig 5-11 Visual interpretation of Avicennia marina mix Kandelia candd! ............. 62
Fig 5-12 Visual interpretation of Avicennia marina fringed Kandelia candel forest..... 63
Fig 5-13 Visual interpretation of Aegiceras coniculatum patch............ccccoceveerienennee. 63

52



5 BB KRR

RESI

% 2-1 GER1500 YEIEALTEAN B L oo 16
2 2-2 BPAMEREBIE R oo 18
23 TM FEMGFUEBEFAE oo 19
2 2-4 SPOT-5 B KBS H I BEBEL oo 20
FR3-1 AREYI TGS SRR AT BRI HE S o 27
K 5-1 WFGE DI EEH SR Bl A B GE AR IR 48
2 5.2 MRISZIDEIERE N, TM1. TM2. TM3. TM4 i BE 138 i e 5 R

AR LR oot st 54
F 53 FUBGIBIB ISR ZEHE (oot 61
% 5-4 ZITRUEB N FERZEIBE oo 61

53



5 EB IS

Tab 2-1
Tab 2-2
Tab 2-3
Tab 2-4
Tab 3-1
Tab 5-1
Tab 5-2

Tab 5-3
Tab 5-4

TABLE INDEX

Parameters of GER-1500 Spectroradiometer ............cceecveevveerieeneeeeeennen. 16
A summary of the spectral data collected in fields ............cccceeeveirnnennne. 18
the characteristics 0f TM bands..........c.cceeeevierienienienieniiececeeeeeee 19
the parameter of SPOT-5 bands.........cceeeeiveeiiiieiiieeiie e 20
Canopy spectral feature point & parameter of the three mangrove........... 27
Visual interpretation judge symbol of study areas............c.cccoovviiiniinnnenn. 48

Mean & ratio of Canopy spectral reflectance for band TM1, TM2,

TM3, TIMA ..ottt dh et s et eaeenaeeneeneeas 54
Error Matrix of One-Stage Supervised Classification...........c.ceeeeuenneenne. 61
Error Matrix of Multi-Stage Supervised Classification.............cccceeuveenneee. 61

54



5 BB KRR

1 BB R ALK AEZS T 53 5% T ey iz A A

LR AR LLZLA R ) b 5 TR S T ARl VR AR 2 s ) ARty I Aty 9 ) 2y
M AR AAKE AT o CUREMOE Bl b o 36 B0 IR IR AR AR, B A fERg . k]
HEEZIA),  JR b X SZ B It 1) 5 i vl S AL 2 32° g2 44° O fERas,
1995) o FHT-ZLMIBRA AT T () Ay Ve M, BFAMM A LAET 20 WA, TAERK,
Pelvmr, HOR, ZOMARITE, SZHKMIE B, FAR e AR AR BRI 2 5 A
CAHERf & A7 R84 o AU RB KB, BEOR VT LORS A 3R A T 2O AR R Ut 225, (H 4
AR AR, WIAELTRARIX, A e — e . Dk, 5 ohster
BRI IT K 2 R PRI . PRIBEEA, HAT 2 M KT AR — R 5
W2 AR A, v FL AT L S SRR M X (R IR, R 2D AR A ST e
AR MTFRE T — 24840 . B A W i R N T R, TR I AR AL Ak
AN SRR CET T IZ N TR
1.1 REARER

FH T LA (K A 5 2R RO R T 2 S T i ) B 2 A
oy MPHUBRIAEG ., AR R EE A E X (Blascoetal , 2001) . £
U PRFF IR R, LU AR AR AT 553897 KA Z AP LE A R (R R D R, 400
MR XV I BRI RS R G — 7 B XA, 1995, AR, 1997).
WV T AFDRT (R A Ak 2 T LR AR ) 3 A1, P T b P T S D 5% T W) 56 242
(12 S w4 e S R G A K ee s AL L AR N SN S
FH TR P 1 68 2 e 5 2 0 FLIEBEE MU g, AR 11 11 3 AR R 3L
A ) 52 B E RIS, R B AR A € 3 1R A, 3 R A B i R [
Ak ( Lillesand et al , 1994) o 3XAE, AbT-PRIREF-1H1 b T 5 A IR AT AN 810
3 HCA A S5 (R LEAR R T RO SRR, 55 5258 i 6 (R E 8 2D VR
(R GTE AT — 58 2250, A W DU £ R0 22 16 2 B Re T A3 BT AR R
FORERAEIA BTG N B9 A= PRASA M G R AR A o I FL AT DU Rl 288 SR I 21 B )
3 AT X b G5 46 (14 A A0 7 BT I~ T AR ) (1 R 0, AN A7 DG AR A 3R AU AR ] g
I AN QT eb) PUEAR L 7 NA B S-¥58 9n A SR ap- A U

YRR 53 AT ET AR A s SRR AE 5 0 Y0 3% 0 7 P4 DG 56 e D) 3 0d - LE A ) 5
JREBUE 2 R F TN, LU AR BT T RO A o 2R B S 20 1 8k S5

55



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

