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RESUMO

Terras Umidas sdo ecossistemas complexos que maménelevada diversidade de
paisagens associadas as variagcdes nos niveis dedignagem do solo e tipologia vegetal.
No Estado de Minas Gerais, 0 Refugio de Vida Siteedo Rio Pandeiros, que cobre a
planicie de inundacdo proxima a foz desse rio,gagessas caracteristicas. Essa planicie
encontra-se rodeada por uma matriz de vegetacaélaer é a principal fonte de 4gua para a
fauna local no periodo de seca. Além disso, é aotaepor fornecer abrigo a um grande
namero de espécies de aves e peixes no periodeprucdo. Todavia, a auséncia de leis
especificas e a dificuldade de fiscalizacdo dosiasgambientais tornam esse ambiente
vulneravel & acdo antropica, em particular ao desmento para producdo de carvao e

formacao de pasto.

A importancia desse ambiente associada as ameagassajre faz com que o
inventario da cobertura do solo seja crucial paraanejo e conservacao desse ecossistema.
Neste trabalho, avaliou-se o uso de diferentesdalgens para a classificacdo da cobertura do
solo a partir da imagem lkonos. No primeiro artidez-se a comparagcdo entre trés
classificadores, sendo dois tradicionais, baseamagixel, e um baseado nos campos
aleatérios de Markov. No segundo artigo, avaliowsspotencial de incorporar dados de

textura no processo de classificacdo a partir dadasmatriz de coocorréncia.

No primeiro trabalho, obtiveram-se resultados qustram que tanto a classificagao
tradicional supervisionada, quanto a nova abordagém elevado potencial para a
identificacdo das fitofisionomias vegetais. Essaxam, respectivamente, acuracia de 88% e
95% no processo de classificacdo. Além disso, eslteglos dos classificadores foram
comparados com um mapa de interpretacdo visuahgrai as seguintes porcentagens de
acurcias para os processo de classificacdo: paravo classificador, de 70%; para a
classificacdo supervisionada (Maxima Verossimiffande 41%, e para a classificacdo néo
supervisionada (ISODATA), de 39%.

O segundo trabalho objetivou avaliar o uso daimde coocorréncia na segmentagao
e classificacdo dos ambientes de terras Umidas) assno definir os pardmetros 6timos para
caracteristica de textura, tamanho da janela émntist para o par de pixels. O melhor
resultado obtido foi capaz de melhorar a clasgiioaem 13,3% quando comparado a
classificagdo supervisionada (Méaxima verossimilaand melhor classificacdo obteve uma

acuracia total de 87,5.%



ABSTRACT

Wetlands are complex ecosystems with a high dityersi landscapes which is
associated with water level, soil and vegetal tggg! In the State of Minas Gerais, The Rio
Pandeiros Wildlife Sanctuary congregates all tHeatures and is classified as a flood plain.
The Pandeiros is the main source of water for Ié@aha since it is surrounded by a dry
savanna matrix. It is also a breeding ground feess species of birds and fishes. However,
the absence of specific protecting laws and thepability of environmental agencies to
manage this site threat its existence.

The ecological importance of this environment asded with the human threat
make the inventory of land cover and study of valgégpologies urgent since it will
subsidize the management and conservation of thsystem. This work was divided in two
papers which aimed to evaluate the applicationiidérént classification approaches based
on lkonos image.

The first paper presents a comparison between aupenvised region-based
classification approach and traditional superviged unsupervised classification techniques
for mapping different environments within this cdeyp wetland system. All three
classification methods were tested and their restdimpared with field data and with an
interpreted reference map. The results suggestrawitional supervised and the new region-
based approach have good potential for identifyiregmain vegetal physiognomies but that
the latter yielded superior results with an estedatccuracy of 95% against 88%. The
region-based approach had the advantage of a nupehniar spatial consistency and allowed
easier visual interpretation of the classified imath a second accuracy assessment, we
compared the classification results achieved usagjon-based, maximum likelihood and
unsupervised ISODATA algorithms with a visuallyantreted reference map. The results
were respectively: 70%, 41% and 39%.

The second paper aimed to evaluate the use of GiChhe classification and
segmentation of a wetland environment using higoltgion image. As well as determining
the optimal parameters of textures, window size disthnce to be used in the study of
IKONOS images for this sort of environment. We test an improvement of 13,3% in the
classification adding texture information in the@gess. The best result achieved was 87,5%

of overall accuracy.



Capitulo 1

INTRODUCAO E OBJETIVOS

1.1 Introducgéo

As Terras Umidas cobrem entre 4 e 6% da supertlaieTerra, estdo amplamente
distribuidas na superficie terrestre (Mitsch e @lisls, 2000) e sédo consideradas unidades
ecologicas funcionais, pois sao sistemas suscetiventrada e saida de elementos organicos
e inorganicos onde ocorrem fluxos de matéria eggmé¢Neiff, 1997). Caracteristicas tipicas
incluem solos pobremente drenados, vegetacdo hajréfividades bioldgicas adaptadas a
ambientes Umidos e a ocorréncia de inundac¢fes towagsao do ambiente. Essas &reas
desempenham func¢des vitais como a manutencaoatpiestde carbono, recarga e descarga
hidrica dos aquiferos, controle de enchentes, ggolade nutrientes e conservagcao da
biodiversidade. No entanto, observa-se caréncestirelos cientificos para essas areas, que é
ainda maior para aquelas alocadas em regides sdasinsiemiaridas e hiperaridas (Tooth e
McCarthy).

No Brasil, destaca-se o bioma Pantanal (Figura, Xlassificado como uma savana
inundavel, dotada de extraordinaria beleza céniga,ocupa uma area de aproximadamente
140.000 ki e é uma das maiores areas Umidas neotropicaisuddan(Pott, 2003). As
demais terras umidas sé@o pouco citadas e, na mdiosi casos, carecem de qualquer tipo de
estudo. Um importante sitio de terra imida € aniBika do Rio Pandeiros, localizada ao
norte do Estado de Minas Gerais. Essa caractezipamisser uma regido pantanosa, envolta
por matriz de vegetacgao xerofila, responsavel pgleoducao de diversas aves migratorias e
peixes da bacia do Rio S&o Francisco. As caratitagsinicas apresentadas por esse corpo
d'agua levaram as autoridades legais a instituir@dades de conservacao a fim de garantir
a manutencao e preservacao de seus atributos, admaltia do Rio Pandeiros reconhecida
como Area de Protecdo Ambiental — APA (Minas Ger895), e a porcdo proxima a foz do
rio, um Refugio de Vida Silvestre — RVS (Minas Ggra004). Entretanto, elevadas taxas de
conversdo de areas naturais em pastagem, usolaregs Areas de Protecdo Permanente -
APPs -, e atuacao deficitaria do Estado no conttoleso inadequado dos recursos naturais
mostram que os instrumentos legais nédo tém sustieleito desejado. Esse contexto torna o

inventario, a caracterizagdo e a compreensao @mnitia de terras Umidas ponto chave para

1



a conservacao desse ecossistema.
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Figura 1.1: Biomas do Brasil. Fonte: Adaptado do M{2010).

Uma série de parametros é relevante para o inverdarambientes de terras umidas
como, por exemplo, vegetacao, solo, declividadeedeno, disponibilidade hidrica, altitude
e outros. Todavia, o aspecto botanico desemperngel glaave, pois representa uma resposta
direta a interacdo dos fatores bidticos e abidtm@sentes nesses ambientes. Além disso,
espécies do grupo vegetal denominado macrofitadtiagas sdo uma ferramenta eficiente de

monitoramento, pois respondem rapidamente a mudargabientais e possuem
2



caracteristicas que permitem agrupa-las de acanthoscia forma biolégica. De acordo com
Baker et al. (2006), os inventarios sdo executados atravésédeptrocedimentos, em sua
maioria: trabalhos de campo, foto interpretacamdgens aéreas e processamento digital de
imagens de satélite. O processamento digital dgenmsade satélite € considerado o melhor,
pois demanda menor tempo para aquisi¢do da inf@maglaboracdo dos mapas (Mellack,
2004). Todavia, andlises que requerem um elevatdthdenento da informacdo demandam
um levantamento criterioso de dados de campo.

A quantidade e o tipo de informacéo disponiveis a inventarios estdo relacionados
com a plataforma de aquisicdo de dados. No cascatéfites passivos e multiespectrais,
pode-se citar o Ikonos, capaz de gerar imagen$taleesolucéo, contendo elevado grau de
detalhamento; e o Landsat, que produz informagdesnsenor resolucao espacial mas tem a
vantagem de suas imagens serem distribuidas gragnte e estarem disponiveis em um
gradiente temporal de aproximadamente 40 anos.aAgles imagens Ikonos apresentarem
elevado custo e ndo serem disponibilizadas emssi@isgdricas, sua importancia é apontada
pelos recentes sucessos na extracdo de informatde as tipologias de terras Umidas
(Dechkaet al. 2002). Todavia, o elevado grau de informacdo dessagens demanda a
aplicacdo de um conjunto de técnicas mais sofgdEa@ue aquelas baseadas no pixel. Tem
sido revelado que a exploracdo da informacdo emtsiadidade exige técnicas mais
sofisticadas de classificacdo baseadas no objetseja, capazes de preservar a consisténcia
espacial dos elementos a serem classificados. RRecente, abordagens mais elaboradas
incorporando informacgdes sobre contexto e textst@esendo desenvolvidas para melhorar
a qualidade das classificagbes e distinguir um maionero de classes. Nesse cenério,
considerando a relevancia do RVS do Rio Pandemamanutencdo da qualidade da agua e
da biodiversidade local, a caréncia de estudosedsosiamento remoto nessa regidao e a
possibilidade de acessar um grande numero de iafi@res baseando-se na tipologia vegetal,
torna-se um interessante objeto de estudo o usmalgens Oticas de alta resolucdo para
construir um inventario preliminar desse ambienige subsidie 0 manejo da unidade de

conservacao.



1.2 Objetivos

Apesar do Brasil reconhecer a importancia dasdeiraidas através da assinatura da
Convencao Ramsar, observa-se que ha carénciadantma definicdo para esse ambiente,
quanto de esfor¢o para reconhecer a importancdeatizacado desses sitios. O Rio Pandeiros
representa um ambiente Unico no Norte de Minasi§erade se destaca a planicie de
inundacdo proxima a sua foz. Esse complexo ambiémi@ado pela variacdo sazonal da
agua que extrapola o leito do rio, forma um impu#dasitio de terras Umidas, areas
fundamentais para a manutencdo dos solos, estoquearbono e conservacao da
biodiversidade. Uma vez que o Rio Pandeiros é upoitante contribuinte do Rio S&o
Francisco, essa série de func¢des faz com que ojonarreservacdo desse ambiente seja
ponto chave na conservacao das caracteristicamala 'o Rio Sdo Francisco. Portanto,
empregar 0 sensoriamento remoto, com base em midsresensores e técnicas de
processamento, no mapeamento das feicbes que comeSsas areas, permitird gerar
informacgdes Uteis ao manejo dessa regido.

Esse estudo tem como objetivo avaliar a aplicacaee décnicas de classificacdo na
caracterizacdo dos ambientes de terras Umidas querapdem a planicie de inundacéo
do RVS do Rio Pandeiros, a partir do uso de imagerde alta resolucdoTambém almeja
contribuir com a definicdo de terras Umidas e apomlt importancia desse local para
reconhecimento como Sitio Ramsar.

A partir desse enfoque, os objetivos especificoaio

* Mapear as fitofisiondbmias que compdem a area dedesdlocada na planicie de

inundacgéo do Refugio de Vida Silvestre do Rio Pmode

» Testar algoritmos de segmentacéo para a classibcdgs tipologias encontradas na

planicie de inundacdo do Rio Pandeiros em imademos.

 Testar 0 uso da textura em imagens lkonos parastingfio das tipologias que

compdem a area de estudo como informacdo complanyana as segmentacoes.



Capitulo 2

FUNDAMENTAGCAO TEORCIA

2.1 Terras Umidas

2.1.1 Definicao

As definicbes de terras Umidas giram em torno d&s taspectos principais:
hidrolégico, pedoldgico e vegetacional. Do pontovidda hidroldgico, observa-se que essas
podem estar presentes tanto em areas litoraneastoquno interior do continente, sendo
possivel observar um gradiente de salinidade. Quangaturacdo, as aguas podem estar
presentes na zona de fixacdo das raizes ou expoatasuperficie, cobrindo parte da
vegetacdo. Os solos apresentam condicfes Unidasendes das terras adjacentes e séo
denominados solos hidricos, solos que, sob corgligéesaturacdo, inundagcédo ou retencéo
da agua por periodos longos o suficiente durantpa@ca de chuvas,,sdo capazes de
desenvolver condi¢cdes anaerdbicas na parte supgkrisolo (Federal Register, 1994). Em
relacdo a vegetacdo, é marcante, em sua parté@sypepresenca de macrofitas aquaticas,
plantas adaptadas as condi¢cdes umidas, e a audéruiata intolerante a inundacdes.

No continente americano, paises como o CanadaaeldsstJnidos da America do Norte -
EUAN - possuem suas proprias definicdes de temaidas estabelecidas por comissdes de
especialistas, 0 que nao ocorre para 0s paisesnu&ida do Sul, onde observam-se
tentativas isoladas de especialistas na elaboradgiaim conceito. No contexto sul-
americano, destaca-se a definicdo de Neiff (19879 ps grandes sistemas de terras umidas,
visto que o autor trabalha com conceitos em umalasontinental. Além desses conceitos,
um esforco da Unido Internacional para a ConseovagéNatureza e Recursos Naturais
(IUCN) adotou uma definicAo para orientar o eswdbelento de terras Umidas
intencionalmente. Esse conceito foi estabeleciddratado que resultou da Convencédo de
Terras Umidas, que ocorreu em Ramsar, no Iran, 8il.1 Atualmente, o tratado
intergovernamental conta com 159 paises partiaésamtreconhece um total de 1.838 areas
de terras Umidas (Ramsar Convention Secretari@8)20

Nos EUAN, foi definido, pelo Conselho Nacional desguisa (National Research

Council, 1995), o seguinte conceito:



“as terras Umidas sdo um ecossistema que depemndeortstante ou
recorrentes inundagdes rasas ou saturacdo proximaacsuperficie do
substrato. As caracteristicas minimas e essendas inundagbes
recorrentes, inundacgfes sustentadas ou saturag@@iongrou na superficie
onde a presenca de caracteristicas fisicas, qu@ingéchioldégicas séo a
reflexdo de inundacdes recorrentes, inundacdesrgagas ou saturacao.
Caracteristicas comuns de terras Umidas sao sdlioeds e vegetacdo
composta por macrofitas. Essas ndo estardo presgm@as onde fatores
fisioquimicos, bidticos ou antropogénicos espeaffictenham sido
removidos ou impedidos de desenvolver”.

A verséo adotada pelo Grupo Canadense de Trabailterras Umidas (National Wetlands

Working Group, 1997) define que terras umidas séo:

“terras que sdo saturadas com agua por tempo entBcpara promover
terras Umidas ou processos aquaticos como indjgadeolos pobremente
drenados, vegetacdo hidréfita e varios tipos dédaties bioldgicas que

sdo adaptadas a ambientes iumidos”

A proposta de Neiff (1997) define os ambientes @®idomo sistemas de cobertura
sub-regional nos quais a presenca de uma lamigaad®mporal de espessura variavel,
espacialmente e temporalmente, condiciona fluxogdaiquimicos propicios para formacao
de solos com acentuado hidromorfismo e uma biotalae por processos de selecdo
evolutiva que tém padrdes proprios de dinamicareatasa.

O conceito estabelecido na convencdo Ramsar foboeldo com o intuito de ser
mais abrangente a fim de atender a diversidaderdeatdes encontradas no planeta. Essa
define terras Umidas como:

“areas de pantano, brejo, solos ricos em matéganica ou aguas onde
naturalmente ou artificialmente, permanentementetesuporariamente,
com 4gua fluindo ou parada, doce ou salgada, maduareas marinhas,
com profundidade durante a maré baixa que ndopakse 6 metros”
(Ramsar Convention Secretariat, 2008).



Apesar de todas as definicdes abordarem os cosadit@guas rasas ou condi¢cdes
saturadas, solos uUnicos de terras Umidas e vegetalziptada, a combinagcdo desses trés
fatores é complexa, o que dificulta a formulacdo wea definicdo precisa. Essa
complexidade € retratada em diversos fatores camao:profundidade e duracdo das
inundacdes que variam tanto no tempo quanto nocespa influéncia exercida pelo
entorno, seja da area constantemente alagada oeg@d® que ndo sofre inundagdo; na
presenca tanto de espécies polivalentes, que verocais secos ou molhados, quanto de
espécies adaptadas ao regime hidrico desses IScamndo-se a esses fatores, tem-se uma
grande variedade de tamanhos, formas e localizalg@eambientes de terras umidas (Mitsch
e Gosselink, 2000).

Nesse trabalho, adotou-se 0 conceito canadenségmpoma redacdo mais simples e

intuitiva, capaz de contemplar as principais carésticas dos sitios de terras Umidas.

2.1.2 Terras umidas em Terras Secas: 0 caso dasnildes aluviais

Em oposicéo as caracteristicas das terras Umisgt@® as terras secas que, devido a
baixa razdo entre a precipitacdo e o potencialdpatranspiracdo, compdem regides aridas,
tornando a presenca de terras Umidas possivel sypemte 0 balanco hidrico das aguas
superficiais é positivo durante parte ou todo o @raoth e McCarthy, 2007). Em regides
aridas, os rios desempenham papel fundamental Emaceas terras Umidas que estédo
associadas a esses e a sua dinamica de cheiasnéegariue podem ser divididas em cheias
perenes, que sdo mantidas por rios perenes coenoeg regides umidas; cheias regulares
mas sazonais, relacionadas com rios intermitentextvavasamento sazonal de rios perenes
no periodo chuvoso, e cheias casuais, associadass ajue sofrem cheias ocasionais
relacionadas com episodios de chuvas intensaseinégjintente (Tooth e McCarthy, 2007).

As planicies aluviais formam pontos chaves do m®wede recarga hidrica em
ambientes aridos, pois retornam a agua para eni@arhente, apos terem o solo saturado
com a abundancia de agua do periodo chuvoso. Egsatem duracdo de alguns meses e é
crucial para a manutencdo dos cursos d'agua nasdpsrde estiagem. A geomorfologia
tipica de ambientes sazonais faz com que algunrastedsticas sejam marcantes nesses
ambientes, tais como: canais anastomosados, lagoasorma de semi-lua, meandros
abandonados (Figura 2.1), sendo os sedimentos miealotemente finos, que permitem o

adequado armazenamento de nutrientes e sais. Asém d dindmica de cheias e vazantes €



responséavel pelo fluxo e translocacdo de mateméaigrais, organicos e informacgao bidtica
(Neiff, 1997).

@ (b)

(€) (f)

Figura 2.1: Fotografias ilustrando a geomorfoladies ambientes sazonais: (a) e (b) canais

anastomosados, (c) e (d) lagoas em forma de maja(é) e (f) meandros abandonados.

Fotografias: Ivan Barbosa.



Estudos recentes,destacam a singularidade desdeigntas e reportam que a
existéncia de fenbmenos recorrentes e process$wscgs e fisicos especificos propiciaram
a selecéo de toda uma biota adaptada a essas@ssditicas, que, portanto, ndo devem ser
tratadas como uma zona de transicao entre ambqidsicos e terrestres.

A distribuicdo da biota em rios contendo planiciesnundacéo depende dos pulsos e
periodos de inundacdo, que provocam fortes moddiEes no ambientes e causam “stress”
na biota local, desencadeando o reinicio dos cibléscos (Junk et al.,1989). Bonetto
(1976) afirma que o0s ecossistemas que compdemosspAassam por um processo de
rejuvenecimento quando sofrem agédo dos processosidéacéo. A influéncia dos pulsos
na biota aquatica pode ser constatada no comportangas sementes de varias plantas
aquaticas que germinam somente em solos umidoarelgtha uma fase de aguas baixas e
solo emergente (Neiff, 2003). Quando areas pernemmeslagadas por longos periodos,
levando a inibicdo sucessiva de periodos de gegdinaas populagbes que previamente
ocupavam essas areas podem ser incapazes de regtoato da populacdo, acarretando um
declinio.

A sazonalidade dos pulsos de inundacao, assim osnipos de drenagem (abertas
ou fechadas), tipo de solo, disponibilidade deientes e dinamica de escoamento estao
relacionados com a plasticidade morfoldégica obskrvem varias macrofitas (Pott e Pott,
2002).

2.2 Importancia e Conservacdo dos Ambientes de Ters Umidas

Os ambientes de terras Umidas sdo elementos \p@ia a conservacao da
biodiversidade pois servem de abrigo, area de degém e bercario para diversas espécies
ameacadas, especialmente de peixes e aves migsat8do também areas fundamentais
para a ciclagem de nutrientes, recarga de aqujifeoosrole de enchentes e conservacdo do
solo e agua. Entretanto, a maioria das estimaiivdisam que mais de 50% das terras
Umidas do mundo tém sido alteradas, degradadas evdidpas nos ultimos anos
(Dugan.1993). Sendo que, essas alteracOes téne @snsuas principais causas cinco fatores
antropogénicos: a perda de habitat, alteracfesegpmes hidricos, mudancas na qualidade
da agua, exploracdo nao sustentavel dos recuistr®@ucao de espécies exoticas (Mitsch e
Gosselink, 2000).

No ambito nacional, a conservacdo dessas areasderfeita, especialmente, através

da criacdo de unidades de conservacao que restriogeso e ocupacao do solo. Na bacia do
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Rio Pandeiros, observa-se que ocorreu a adocédouds dategorias de unidades de
conservacdo (UCs), sendo uma classificada como ded2rotecio Ambiental e outra como
Refugio de Vida Silvestre (Figura 2.2). A primeasta inserida no grupo de UCs de uso
sustentavel, que permite o uso direto, e tem cobhjetizo basico combinar o uso dos
recursos naturais com a conservacgao da naturegagénda enquadra-se no grupo de UCs
de protecéo integral e foi estabelecida préximozado Rio Pandeiros a fim de assegurar a

preservacao desse ambiente (Brasil, 2000).
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Figura 2.2: Mapa de cobertura do solo da Area deeB4io Ambiental da Bacia do Rio
Pandeiros. Fonte: Thiago Alencar Silva — 2010.

Apesar desses esforcos, observa-se que a cagéngma legislacdo mais abrangente
faz com que extensas areas de terras Umidas, ofsas em unidades de conservacao,
sejam frequentes alvos de ocupacdo humana. No dasoplanicies de inundacéo,
distinguidas por sua heterogeneidade espaco-teinpma inundadas e ora secas, ha
dificuldade de estabelecer a sua protecdo, umajwemnao existem leis especificas para a
sua conservacdo. Na legislacdo brasileira, a géfnlegal que mais se aproxima desses
ambientes refere-se as APPs descritas no Codigeskb como: “florestas e demais formas
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de vegetacao natural, coberta ou nao por vegetetd@, ao longo dos rios desde seu mais
alto nivel em faixa marginal” (Brasil.1965). Conem&lmente as APPs sdo responsaveis pela
preservacdo dos recursos hidricos, biodiversidadstabilidade geoldgica (Brasil, 2001),
justifica-se a protecédo das planicies de inundac@artir do principio de que a lei deve
atingir os seus objetivos (Benatti al, 2005). Contudo, observa-se que o0 conceito protege
apenas as florestas e formacgbes vegetais de iema, fuma vez que exclui as areas
localizadas abaixo do leito maior. Essas areasnsditas vezes drenadas, objetivando-se
tornar o ambiente mais apropriado para o cresconggigramineas ou o estabelecimento de
culturas. Nesse processo, forma-se um canal dagkenque define o leito do rio, o que
permite aplicar a lei de APPs, que assegura agéotga vegetacdo no entorno do canal, ou
seja, a lei protege o0 ambiente apenas apos aenigiv e degradacdo humana. Mactaggart et
al. (2006) descreve problema semelhante, que ocome ambientes de terras umidas na
Australia, e ressalta que a incerteza de termimadogestringe a nossa habilidade de

conservar e restaurar essas areas.

2.3 Caracterizagéo dos Biomas Onde se Insere a Arda Estudo

A area de estudo encontra-se em uma regido omdgedacao € caracterizada como
de transicdo entre os biomas caatinga e o biomadzer

O bioma caatinga ocupa aproximadamente 10% dadi@orbrasileiro e caracteriza-
se por um complexo de vegetacdo xerdfita constitpiar vegetais lenhosos, cactaceas e
bromeliaceas rigidas. Em Minas Gerais, duas fisroas vegetais desse bioma destacam-se:
a caatinga arbodrea (Figura 2.3) e a caatinga lep&fila. A caatinga arborea caracteriza-se
por arvores com dossel superior a 6m quando ercagrem afloramentos rochosos, e
superior a 15m em solos mais profundos. As arvoeedem mais de 70% da massa foliar no
periodo de seca e raramente sdo encontradas ®mfitociadas a essas. Bromélias e
cactaceas terrestres, assim como palmeiras e l@mowmsem nessa formacdo. A caatinga
hiperxerofila apresenta arvores e arbustos espasogpredominio de subarbustos lenhos e

esclerdfilos, plantas suculentas, rupicolas eirast@JFLA, 2006).
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Figura 2.3: Fotografias ilustrando a caatinga a&o(a) vista do chao, (b) vista aérea do

dossel, (c) vista aérea de um fragmento. Fotogrdfran Barbosa.

O bioma cerrado é o segundo maior bioma do paideeido ao alto grau de
endemismo e elevada pressao antrépica, esté inswitista de Hot Spots, &reas prioritarias
para a conservagao no planeta (Myers, 2000). EHen¢ra-se completamente inserido na
regiao tropical, ocupando principalmente o platdtiee do Brasil. Sua composicao floristica
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€ diversa e é reunida em trés grupos distintogermdolato sensu as florestas sazonais
mesofilas e as matas ribeirinhas. Além dessestiacéa em periodos de excesso de agua e
deéficit favorece a ocorréncia de tipologias espeadf (Figura 2.4), compostas
significativamente por herbaceas, sendo essaseraslas, as planicies de inundacédo e os
campos rupestres (Oliveira-Filho e Ratter, 2002re@adolato sensupor sua vez, divide-

se em cinco fitofisionomias e sédo essas: a) caonpeaido por areas abertas de gramineas, b)
campo sujo constituido por gramineas, arbusto eqgmes arvores espacadas, c) cerrado
stricto sensucaracterizado pelo dominio de arvores e arbugteguentemente com o
tamanho variando entre 3 a 8 metros, com a presBnggamineas no extrato inferior, d)
cerraddo formado por &rvores variando de 8 a 12om)jedpresentando uma cobertura de
copa superior a 50% e contendo um extrato herb@esos desenvolvido devido a presenca
de sombras. As florestas sazonais mesdfilas sédidis em florestas deciduas, que se
caracterizam por uma comunidade pobre em espéeigsvdres que perdem as folhas no
periodo seco, e semideciduas constituidas por ua@ ngueza de espécies que perdem as
folhas parcialmente no periodo seco. Dentre agdtas deciduas, encontram-se as matas
secas que se desenvolvem sobre material calcé#m eencontradas na porcdo Norte de
Minas Gerais, tipologia, muitas vezes, incluidaddm no Bioma Caatinga. As matas
ribeirinhas estdo presentes préximas aos corpagua @ ndo sofrem com as variagdes
drasticas na umidade do solo, o que permite o @stEinento de espécies tipicas de
ambientes umidos (Oliveira-Filho e Ratter, 2002gm dessas tipologias tipicas, destacam-
se as que ocorrem nas planicies de inundacdo daserno Bioma Cerrado. Essas sao
caracterizadas por areas planas em terras firmes, sgo afetadas por inundacdes
periodicamente, podendo formar lagos superficiagsndientes de terras umidas (Diegues,
1994). Dentro desses ambientes sdo encontradatorastds paludosas, formadas por
espécies de arvores com adaptacOes especiais assexde agua; 0s campos umidos
alocados sobre solos saturados hidricamente e &agppredominantemente por herbaceas;
0s brejos onde também ha o predominio de herbatassue sdo inundados periodicamente
durante o periodo de chuvas e permanecem umidpsriamo de seca; as lagoas colonizadas
por comunidades vegetais adaptadas a ambientedcaguamacrofitas aquaticas (UFLA,
2006).
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Figura 2.4: Fotografias ilustrando o cerrado: @yado sensu stricto — Parque Estadual do

Rio Preto, (b) campo — Parque Nacional Serra daslen (c) mata de galeria - Reflgio de
Vida Silvestre Pandeiros, (d) planicie de inundagdBVS Pandeiros. Fotografias: Ivan
Seixas Barbosa.

2.4 Macrdfitas Aquaticas

Os organismos que compdem a biota da Terra posaneestrais com origem em ambiente
aquatico. Durante o processo evolutivo, as linhagenplantas contemporaneas tiveram as
adaptacdes relacionadas com a colonizacdo de amwienrestres selecionados, como, por
exemplo, a cuticula, cobertura externa que minimazgerda d'agua; os estdmatos,
mecanismo que permite a troca de gases com o xteime, a formag&o do sistema vascular
e de sustentacdo. Em um segundo momento, obser¢axse determinados ramos

filogenéticos fizeram o caminho inverso da terreap@égua, 0 que propiciou a selecédo de
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caracteristicas vantajosas a vida na agua, comolmwo de gases nos arénquimas, a
disposicéo dos cloroplastos na por¢cao superioolti@,fo menor investimento na formacao
de sistemas de sustentacdo, a reducdo ou auséna@at@mnatos. Nessas linhagens, séo
encontradas a maioria das plantas definidas conooofitas aquaticas. Esse termo passou a
ser aceito internacionalmente apds a criacdo dgr&ra Internacional de Biologia (PIB),
guando pesquisas relacionadas a esses organismars fmpulsionadas. Previamente,
diversos termos eram utilizados para nomear essggtais: helidfitas, hidrofitas,
macrohidrofitas, fanerogramos aquaticos entre syfrbomaz e Bini, 2003).

Entretanto macréfitas aquaticas € um termo genégige, além dos vegetais
superiores, inclui musgos e algas conspicuas askscia ambientes de terras umidas. A
reunido de espécies que ndo possuem um mesmorahcestum em um Unico grupo torna
esse conjunto parafilético. Todavia, apesar denseagrupamento artificial, esse representa
uma interessante unidade ecoldgica, pois diveraaxteristicas analogas sao encontradas
entre 0s organismos que estao adaptados as condig@xcesso hidrico.

Esses organismos fornecem a base da teia alimpotamproduzem matéria organica
atraveés do processo fotossintético, o que os filzmsi como produtores primarios. Todavia,
a producao primaria depende dos fatores limitamesstos pelo ambiente, tanto superiores
guanto inferiores, dentre esses se encontram a lnizrogénio, o fésforo e a temperatura
(Odum, 1998). Em condic¢des favoraveis, a prodwi@pode aumentar como consequéncia
de um aumento no sucesso de reproducdo tanto tregejaanto sexuada (Gopal, 1990).
Entretanto, quando as condi¢cdes estdo proximadimdss toleraveis, observa-se que a
fotossintese sera realizada a fim de atender apermaanutencdo do organismo. Como
algumas espécies respondem rapidamente a essagdearambientais, 0 acompanhamento
desses organismos € util para o monitoramento dbieate. Esses organismos sao
enquadrados em sete grupos, de acordo com a foohdgiba que apresentam, conceito que
enquadra a planta de acordo com seu habito enéicedaguperficie da agua (Irgang e Junior,
1996).

» Anfibia ou semi-aquética: podem viver tanto em amta terrestre quanto em areas
alagadas. Apresentam plasticidade morfologica emal gperceptivel quando
comparados exemplares de ambiente aquatico com tesrd firme.

* Emergentes: as raizes fixam-se no fundo e apresexgauas estruturas parcialmente
submersas e parcialmente fora d'agua.

* Flutuante fixa: As raizes fixam-se no fundo, masusras como ramos, caules e
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folhas sédo flutuantes, acompanhando a variacadvdede agua.

* Flutuante livre: ndo se fixa ao substrato e podeageada pela acdo de correntezas,
cheias e ventos.

 Submersa fixa: apresenta as raizes fixadas norattbst suas estruturas nao
ultrapassam a superficie da agua, exceto as fipresao expostas acima do nivel da
agua.

* Submersa livre: ndo se fixa ao substrato, suagtesds ficam totalmente submersas,

expondo apenas as flores no periodo reprodutivo.

» Epifita: espécies capazes de instalar-se sobrasopiiantas aquaticas.
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Figura 2.5: Fotografias ilustrando as familias nabsindantes de macroéfitas aquaticas na

area de estudo: (a) Alismataceae, (b) Cypera¢eaymphaeaceae, (d) Pontederiaceae, (e)
Complexo contendo diversas espécies de macrofjtetiaas. Fotografias: lvan Barbosa.

Relacao homem - macrofitas: beneficios e problemas

Ha uma gama de interesses econdmicos listadosapalantas aquaticas, que variam
do uso ornamental ao médico. Algumas espécies @sguincipios ativos fitoterapicos
Gteis no tratamento de enfermidades, como a espést@a stratiotes (alface-d'agua)
utilizada em casos de inflamacdes na pele e uamdRalombo e Pereira, 1992), enquanto
outras sdo dotadas de grande beleza, o que lesspeaializacdo de determinadas empresas
de paisagismo a trabalhar apenas com plantas eagi@fott e Pott, 2002).

Ha espécies que podem ser utilizadas na alimentig@ado e como biofertilizante.
Entretanto, muitos fazendeiros optam pela subgéituida cobertura vegetal natural por
gramineas exoticas resistentes a inundacfes, qdezam maior biomassa, viabilizando a
manutencdo de uma maior quantidade de gado em wsmanarea de pasto (relato de
fazendeiro da regido). No RVS Pandeiros, essacpratem alterando a paisagem e
diminuindo a diversidade local.

Outras sdao utilizadas na culinaria de paises esgtatreladas ao consumo de peixes.
A expansdo da gastronomia oriental para outroepdéz com que a demanda por esses
produtos aumentasse, e hoje paises como o Jap#ea, €€Korea lideram a comercializagdo
de algas desidratas. No ramo alimenticio, aindadpécies reconhecidas por serem Uteis
para a producdo de mel, propiciando o desenvolineéa apicultura em regides alagadas.
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Outros usos econdmicos listados para as macr&#aso uso conservacionista, téxtil e
despoluidor.

Dentre os problemas ocasionados por macrofitasaie freqiiente € a proliferacao
descontrolada desses organismos. Isso ocorre quamuiesenca de matéria organica em
excesso em um corpo d agua provoca a sua eutrdizegsa matéria, apos ser decomposta,
aumenta a disponibilidade de nutrientes que sebSorados, em sua maior parte por
macrofitas, especialmente as flutuantes. A elewdalssidade desse organismo gera uma
série de problemas, pois propicia a proliferacdorganismos patégenos e venenosos. Esses
se encontram protegidos pelo sistema radiculamdgdantas que lhes servem de alimento e
potencializam a dispersao dessas doencgas, poa@gam a grandes distancias. Somando-
se a isso, explosdes populacionais de macrofithsulthm o transito de embarcacgdes,
causam alta perda de agua devido a absorcdo e terspracdo, desvalorizam bens
imoéveis, contribuem para o assoreamento e diminaequalidade da agua devido ao

aumento dos detritos organicos e acumulo de ntesgPalombo e Pereira, 1992).

2.5 Mapeamento de Terras Umidas

As terras umidas apresentam combinacdes de fatdmiésicos que propiciam uma alta
diversidade de microhabitats capazes de abrigaadbenimero de espécies vegetais. A
grande variacao das caracteristicas do ambiente, temporalmente, quanto espacialmente,
faz com que a aplicacdo do sensoriamento remot w&j desafio. Esse, todavia, é
considerado a Unica ferramenta efetiva de mapean{dfeglack, 2004), uma vez que as
terras umidas ocupam areas frequentemente exterdasdificil acesso. A definicdo mais
aceita considera que o sensoriamento remoto éngi&jéa arte e a tecnologia de obter
informacfes sobre o ambiente e objetos, com o0 assedsores que dispensam interacao
direta com os alvos de estudo (ASPRS, 2005). Ososes SG0 mecanismos capazes de
medir a intensidade da energia eletromagnéticzenfgparte do sistema de aquisicdo da
informac&o. Esses variam de acordo com a capacatadéstinguir objetos na superficie, a
faixa do espectro eletromagnético em que atuanmfaxmacédo e a freqiiéncia com que
imageiam. Sucintamente, o funcionamento dessesakssana energia gerada pelo sol ou
sensor que, ap6s atravessar a atmosfera, interageos objetos da superficie, que a
absorvem parcialmente, refletindo a outra porcdoengrgia refletida é detectada pelos

sensores e transformada em informacdo armazenad#@&digos binarios que compdem as
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imagens. Uma segunda etapa € a aplicagédo de teanieapermitem tanto corrigir, quanto
extrair informacdes das imagens. O sistema de igdaisjuntamente com o de
processamento compdem 0 sensoriamento remoto.

No caso das terras umidas, observa-se que, atéoss98, o inventario a partir do
sensoriamento remoto focou na compreensao de grandas com base em imagens pouco
detalhadas devido ao elevado custo de fotograBiesaa e disponibilidade de imagens de
baixa resolucédo (Dechket al, 2002). Entretanto, com o langcamento de novoditeaté
capazes de gerar imagens de alta resolucéo, ureadsénovas perspectivas surgem como,

por exemplo, a identificacéo e delimitagdo de bga@s vegetais com maior preciséo.

O numero de produtos advindos de sensores commesibducao espacial, entre 1 -
5m, aumentou consideravelmente nas ultima duasddecaDentre esses, podemos citar o
IRS-1CD satélite indiano com uma banda pancromdic8,8 x 5,8m, lkonos e Orb View 3
com pancromético de 1 x 1m e 4 x 4m no multiespec@uick bird com resolucdo de 0,61 x
0,61m no pancromatico e 2,44 x 2,44m no multiespead HRC do CBERS-2b com 2,7m
no pancromatico. Cabe ressaltar que a fusdo damaf@o multiespectral com a banda
pancromatica possibilita um acréscimo de informagéando comparado com a banda
pancromatica isoladamente (Jensen, 2005).

O satélite IKONOS (Tabela 2.1) produz imagens cammtrgp bandas espectrais que
sdo denominadas de acordo com a faixa do espdetroneagnético que cobrem, sendo
essas: banda azul, que possui grande penetracagua® transparentes e portanto é bastante
utilizada na analise de corpos d’agua; banda veue ¢ sensivel a presenca de sedimentos
em suspensdo e possui boa penetracdo em corpasd’dpnda vermelha, caracterizada
pela elevada absorcdo pela vegetacdo fotossintgtieapropicia o destaque das areas
ocupadas com vegetacdo densa; banda infra-vermafia@ sobressai a vegetacdo densa,
devido a elevada reflexdo de energia, e aos calpgsia, devido a alta absor¢céo da energia,
apresentando-se nesse caso CoOmo corpos escurog, (Mi®2). Esse conjunto de bandas
associado a riqueza de detalhes dessas imageosnfague a sua interpretacdo demande o
reconhecimento de diversas formas e texturas. lhedanvolvendo imagens lkonos tém
conseguido atingir bons resultados para a extrdedtados sobre composicéo e estrutura de
fragmentos florestais (Chubey al.,, 2002), assim como demonstram grande potenadialaa
classificacéo e estimativa de biomassa das tipméogggetais que compdem os ambientes de
terras Umidas (Dechlet al 2002; Dillabaugh e Douglas, 2008).
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Tabela 2.1: Caracteristicas técnicas do satélieds.

Resolucao espacial

Pancromatica:1 m / Multiespectrad m

Bandas espectrais

Imageamento
Frequéncia de revisita

Capacidade de aquisicao das

imagens

Altitude

Inclinacéo
Velocidade
Sentido da orbita
Duragéo da 6rbida

Tipo de orbita

Pan 0,45-0,9

Azul 0,45 - 0,52 u

Verde 0,52 - 0,6 p

Vermelho 0,63 - 0,69 u

Infra-vermelho préximo 0,76 - 0,9 p

13Km na vertical (cenas de 13 Km x 13 Km)
Aproximadamente 3 dias

Faixas de 11 km x 100 km até 11 km x 1000 km
Mosaicos de até 12.000 km

20.000 knd de area imageada numa passagem
680 km

98,1°

7 km/s

Descendente

98 min.

Sol-sincrona

A classificacdo € o método para segmentar a imag@nregides com atributos

similares e apresenta dois métodos tradicionailaasificagdo supervisionada e nao

supervisionada. A primeira esta dividida em doigges: um, de reconhecimento das

categorias dos objetos do mundo real, que exigeidefnimero e a natureza das categorias

e 0 outro, de rotulacdo da informacéo, que demdetErminar rétulos numeéricos para 0s

pixels (Mather, 2004). Nesse método, escolhem-gpogrde pixels, que sao reunidos em

areas de treinamento e teste, de acordo com o @ordréo que se tem da area. O primeiro

grupo é selecionado e informa-se a qual area essmpe (Barret e Curtis, 1982), enquanto

0 segundo € apresentado ao sistema como areaAegimparacao quantitativa entre esses
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dois grupos permite avaliacdo da acuracia da @izssio (Asrar, 1989). A segunda consiste
em um método exploratorio que ndo requer que areobeda terra seja definida em
categorias, portanto varios agrupamentos podenenmeEt a uma unica classe. Essa €
utilizada quando ha documentacéo insuficiente sakgea, 0 que impede estimar o centro
médio das classes e, por vezes, até mesmo o ndmetasses é desconhecido.

Todavia, a rigueza de detalhes contida nas imagdenalta resolugdo requerem
técnicas de classificacdo mais sofisticadas. Apdsar processos citados anteriormente
serem um importante ponto de partida, esses produesultados aquém daqueles que
poderiam ser extraidos das imagens de alta resolU¢Ssas demandam técnicas de
classificacdo que levem em consideracado o cont&uoe Clausi (2008) propuseram um
novo classificador baseado nos campos aleatoriddalkov, que definem que a rotulacéo
de um sitio depende unicamente dos seus vizinhes éTMather, 2001). Para tanto, foi
desenvolvido o software MAGIC (Map Guided Image sSSier) na Universidade de
Waterloo em Ontéario. Outra proposta interessantesiste no uso da informacdo sobre
textura, empregando-se a matriz de coocoréncidhistograma de segunda ordem, na qual
cada entrada representa a probabilidade de encdoisavalores da escala de cinza, a uma

certa distancia e direcdo um do outro, em umaagameldefinida (Maillard, 2003).
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Capitulo 3

Artigo 1- Mapeando um complexo de terras Umidas naavana brasileira, a partir de

uma imagem lkonos: acessando o potencial de um nowlassificador baseado no objeto.

Mapping a wetland complex in the Brazilian
savannah using an lkonos image: assessing the potianh of a
new region-based classifier
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ABSTRACT

The Pandeiros is a unique wetland in Northern Mi@asais, Brazil. Even though it is an official wifd
sanctuary, it suffers from increasing degradatiomflivestock grazing and other forms of humanwdtitis. The
absence of specific laws defining and protectingamels in Brazil is partly responsible for thisusition. Having
no official designation, most environments of thenéeiros have not yet been identified or charadrias
wetlands. In this article, we present a compariseveen an unsupervised region-based classificafipnoach
and traditional supervised and unsupervised claasiin techniques for mapping different environtsewithin
this complex wetland system. All three classifioatmethods were tested and their results compaitadfield
data and with an interpreted reference map. Thatsesuggest that traditional supervised and thve megion-
based approach have good potential for identifgireg main vegetal physiognomies but that the latieided
superior results with an estimated accuracy of @®ftinst 88%. The region-based approach had thentadya
of a much superior spatial consistency and allowasier visual interpretation of the classified imatn a
second accuracy assessment, we compared the rethlta visually interpreted reference map, andcaiied
total accuracies of 70%, 41% and 39% for the repiased, maximum likelihood and unsupervised ISODATA

algorithms respectively.
Keywords: Wetlands, High resolution image, Ikonos, SegmeénaMacrophytes
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RESUME

Le Pandeiros est un complexe de terres humidesodidu Minas Gerais au Brézil. Malgré le fait déuin
sanctuaire official de la faune, la région souffee plus en plus de dégradation dues au paturagedetutres
formes d’activités humaines. L'absence de lois $ijgge qui definient et protége ces environments es
partiellement responsable de cette situation. Niapas de designation officielle, la pluspart degirenments
du Pandeiros n'ont toujours pas été identifié orad#risés comme terres humides. Dans cet arndas
présentons une comparaison entre une approchaskficlation basée par objet et des algorithmehtioaels
de classification supervisée et non-supervisée faocartographie des différents environments quipasent ce
complexe de terres humides. Les trois méthodesgtentestées et leurs résultats comparés avec desede
terrain et une carte interprétée de référence.réssltats suggérent que I'approche superviséetitradile et
I'approche basée par objet présentent tous deusonnpotentiel pour identifier les principales ploygimies
végétales mais que ce dernier offre des résultgérieurs avec une exactitude estimée de 95% c86&e
L'approche basée par objet a l'avantage d'une me#l consistence spatiale qui facilite I'interptiéta de
'image classifiée. Dans une seconde approche Wigian, nous avons comparé les résultats aveccarte
interprétée de référence et obtenu des précisioniO&e, 41% et 39% pour I'approche basée par réden,

maximum de vraisemblance et 'ISODATA respectiveten

Mots clefs : Terres humides, Image de haute résolution, IkdBegmentation, Macrophytes
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INTRODUCTION

Wetlands provide several essential ecosystem ssrvi€onstanza, 1997). In 1971, an
intergovernmental treaty, the Ramsar Convetion, sigised aiming to build a framework for
the conservation and wise use of these areas (R&068). Although Brazil is part of this
agreement, there is no legal concept of wetland&razilian laws, and few programs aiming
to protect these areas have been developed. Tlen@b®f an agenda to protect these
environments is a national contradiction, sincezBraolds 44% of all fresh water resource
within Latin American and 12% of the world’s (FA@Q02). The conservation of these areas
requires mapping their location and characteristind monitoring how human activities

impact them.

Due to the lack of a national definition of wetlisn we adopted the concept established by
Canada’s National Wetlands Working Group (1997)ahtdefines wetlands as environments
where areas remain saturated long enough to proswjoieic processes as indicated by poorly
drained soils, hydrophytic vegetation and a widegeaof biological activity adapted to this
sort of environment. Within that concept, the PamdeRiver floodplain is a unique area in
Brazil that urgently needs to be studied, mappetraceive an adequate management plan. It
is a swampy region surrounded by dry savannah aggef making it all the more important
in its role for conserving biodiversity, rechargittte aquifer, recycling nutrients and for a

number of economic activities.

Although it is a rarely encountered environmenthwitthe Brazilian Cerrado and bears such
an important function, few efforts are being detidato its preservation and sustainable
management hence resulting in its gradual convergito pasture and agriculture land
threatening its very existence. In the past decddege areas were drained to support human
activities and an inventory is a key element fa tonservation of the Pandeiros’ wetlands.
Such inventory requires a wide range of data inolydbotanical, hydrological,
geomorphological and land cover information. Frdma botanical point of view it presents a
unique opportunity since the polyphylétigroup of plants named “aquatic macrophytes”
(Cook, 1974) is found in a broad morphological déy and responds quickly to
environment changes. Their biological forms aratesl to their capacity to colonize different
kinds of habitats in bodies of water and floodeshar(lrgang 1984). These variations increase

the potential for remote sensing to be used foir thetection and classification. This is

! organisms from two or more different monophylefioups
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consistent with Baker (2006) that claims the ineeynbf these environments depends mainly
on field work, aerial photo interpretation and mssing of digital satellite images. The latter
usually demands less time for information acquisitand map production and is often
considered the most efficient technique (Melack)4)0Although high resolution information
has been available since the advent of aerial ghapby, in Brazil, it only became widely
accessible with the development of satellite-bdrigé resolution sensors.

High resolution satellite images, rich in detaitg;rease the necessity for more sophisticated
classification techniques. Traditional pixel-basechniques still constitute a starting point for
many applications using high to very high resoltimages (i.e. <5m) but are inefficient in
taking full advantage of the level of details a&hle. It has been suggested that only object-
based approaches are capable of preserving th&alspahsistency of the objects being
classified (Jensen, 2005; p. 393). Recently, mdeboeate approaches incorporating
information about the context and texture have baewveloped to improve classification
guality achieving higher accuracy and incorporatimgre classes. Comprehensive studies on
the added value of spatial techniques and objeet®d classifiers are still sparse (Aksoy,
2008), especially in the case of wetland inventriRecently, one such classifier has been
proposed by Yu and Clausi (2008) for processingmermremotely sensed images using the
Markov random fields’ paradigm to account for thpatsal information used in segmenting
and classifying these images. They developed MA@IBp Guided Imagé Classifier) for
this porpoise at the University of Waterloo in QidgaBeing still under development (version
2.0 was released in March 2010 but was not yetlablai at the time this article was
submitted), very little work has been carried oithwhis new tool, least of all in the wetland

environment.

Having identified the need to produce an inventaogp of the Pandeiros’wetlands with a high
level of details (to the plant family level) usihgygh-resolution satellite images, the objective
of the present study is to compare this new oljased classification algorithm implemented
in the MAGIC software (Clausiet al, 2008; 2009) with traditional supervised and
unsupervised approaches. Two traditional classifinaalgorithms were used, one supervised
and one unsupervised, and both were available frarpublic domain MultiSpec software
(Biehl and Landgrebe, 2002).

2 Was originally Map Guided Ice Classification sificeas primarily being developed for sea ice segatéon and
classification.
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MATERIALS AND METHODS
Study Area

The Pandeiros Wildlife Sanctuary (PWS) is locatedrnthe Pandeiros’ River mouth, in the
Northern part of the State of Minas Gerais (FiglyeThis river is an important affluent of

S&o Francisco River and is the breeding groundewéral species of fish. It is also a refuge
for numerous rare endemic and threatened bird epd8iodiversitas, 2005). The region is
protected by the state government authorities amdanaged by the Forest Institute of Minas
Gerais (IEF-MG). Even though the PWS is considerg@dotected area, farming is still active
and the land is still subject to private ownersliipccupies a total area of 6103 ha. and is
recognized as a protected area preserving a unigiland with riparian forests, palm

swamps, wet meadows, lakes and ponds (Figure pa€d presents two distinct periods: wet
season from October to March, and dry from April $&ptember. This variation is

characteristic of the Cerrado biome where wateicliejpans for about half the year. Average
precipitations varies from a high of 238.9 mm incBber to a low of 3.1 mm in July. Most

wetlands of the Cerrado are found within narrovarign zones and a large wetland like the
Pandeiros is unique given these climatic conditidfermanently flooded zones other than
large rivers are very rare and local human popadatoften depend on wetlands (mostly palm

swamps oreredas for their survival.

TATTW dd-acrow 4735w

Figure 1. Location of Pandeiros Wildlife Sanctuary in Minasrais (MG) — Brazil.
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Figure 2. Wetlands configuration of the Pandeiros Wildlifenx8@ary: (a) a close range view of a successi@tfb, pond
and macrophytes, (b) braided streams surroundegebyneadows, (c) low altitude view of Nymphaeadgeater

lily), Salvineaceae and shallow water.

Image Data

One fusionned lkonos imaYeegistered to a UTM projection of the central pafrtthe
PWS was provided by the Forest Institute of Minaa® (Figure 3). This image was
acquired in September 2006 corresponding to theoétite dry season when the water level
is at its lowest. Given the flatness of the reéiefl geodetic ground control points, registration

errors were kept below 5 meters.
Field Work

The first of three field campaigns was conducte@eptember 2008 using a boat and an all-
terrain vehicle to access difficult areas for a egahreconnaissance approach. During the
second one in February 2009 geodetic ground coptriolts were collected for the geometric
correction and registration of the image. A speaiiork area was also defined and data was
acquired on the different vegetation physiognonties could be identified on the lkonos
image. The third campaign in May 2009 was mainlgickted to acquire low altitude
photographs using a micro-light aircraft to sergecamplementary validation data. During
the last two campaigns, printed copies of the lisoimnage (scale 1:5000) were used to
identify complexes recognizable both in the fietdlan the image. Photographic records of
different vegetation typology were acquired to ¢age a visual inventory of the Pandeiros.
The dominant plant groups present on the photograghme identified by two botanists at the
Botanic Taxonomy Laboratory of the Universidade d¢ratlde Minas Gerais (UFMG). The

3 Fusionning involves resampling the 4 m multispglds 1 m using the panchromatic
channel.
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aerial photographs proved to be useful for thentagy and as validation data. Since only a
navigation GPS was used in the last campaign,wasetaken to note and draw the landscape
context for all the ground control points that werainly acquired for thematic purposes (as
opposed to geodetic). These points were essentinl uhderstanding the different
environments and their respective context. It isrduthe February campaign that the test
area presented here was selected for having theslapossible number of different natural
environments within the smallest area. The seleated covers 1.44 Knand is illustrated in
Figure 3.
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(b) “E” area (c) “B” area
Figure 3. (a) Fusionned, false color Ikonos image of thedeans. The image represents an area of 1200x1200
pixels or 144 ha. (b) low altitude aerial photodrayl the E area and (c) B area. Legend: RontederiaceaeB
— NymphaeaceaeC — Riparian forest D - Open WaterE — Cyperaceag F - Bare Soij G —Pasture H —
Flooded Pasture

Image Processing

Since the PWS is still mainly unknown and our agnta define a method for the production
of a preliminary map of the different wetland typath a minima field data, the unsupervised
approach of the MAGIC software seemed appropr#&GIC was originally developed for

Synthetic Aperture Radar (SAR) sea ice image setatien. The advent of Radarsat-2 with
multi-polarization capacity lead the MAGIC develogmh team to incorporate multivariate
segmentation/classification capability into the k@aye, potential openy a new application for
multispectral image understanding. To evaluatepdgormance of MAGIC in this mainly

uncharted context, we used a benchmark approaaltasiparison. We included a traditional
pixel-based supervised classification scheme téuat@a how the small amount of field data

could perform.

Both field work and image visual interpretationrev@sed to define the land-cover classes.
First, a series of segmentation trials were peréafmsing the MAGIC software with different
number of classes (three to twelve) and differexgimeentation parameters. Next, each result
was visually compared with the original image almel field data, which allowed us to define
the most suitable number of classes to be eight dlbassification key was based on a
hierarchical division of the environments (Figune At the first level, classes were divided
between biotic and abiotic, the latter comprisibgré soil” and “open water” at the second
level. The biotic classes were then subdivided imatural areas” and “disturbed areas”
(second level). At the third level, “disturbed ataere divided into “pasture” and “flooded
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pasture”. “Natural areas” were distributed intoparian forest” and “macrophytes”. At the
fourth and last level, mycrophytes were subdividethymphaceae”, “pontenderiaceae” and
“cyperaceae”. The eight classes of the classificakiey are described in Table 1 along with a
property we named “wetness scale” that was direalgted to our interpretation of the
image. The wetness scale was defined by intergréti@ general brightness of the false color
composite, darker, being more wet. We found thest was directly related to the depth of

water present which was useful to determine me&r&aess on the ground for our control

sites.
v [ ELY Soil
Ahiotic SRR
—COipen Water Pasture
o —Dusturbed areas |:
Biotic Flood Pasture
Ripatian Forest

—MNatural areas
Mytnphaceae

M ycrophyte:

Pontenderiaceae

Cyperaceas

Figure 4. Classification key based on a hierarchical divisid the environments

Table 1. Class names and description of the Pandeiros \fél8&nctuary.

Class name Description Wetness scale

Open Water Areas covered mainly by water thegsent +++++++
along all the year.

Nymphaeaceae Areas covered mainly byNymphaea ++++++

spp. Regions with shallow water are
classified in these group.

Pontederiaceae Mainly vegetal species find in the area +++ ++
are.  Eichhornia azurea and
Echinodorus cf. paniculatus.

Cyperaceae Mainly specie covering the area is ++++
Cyperus giganteus.

Flooded Pasture Grass land to create cattle flooded in ++ +
the rain season.

Riparian Forest Area with trees higher than 8 meters. ++

Pasture Grass land not flooded in the rain + +
season.

Bare Soil Soil without any cover. +
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Three distinct processes of classification wereleygal to identify the eight classes:

e An unsupervised pixel-based method, which allowassifying without previous
knowledge. ISODATA algorithm was used for that mep (Jensen, 2005; p. 383).
The ISODATA creates its segments in the spectrahado and makes no spatial

requirements in terms of minimum area for the seume

* A supervised method, needing ground truth datausmndg the maximum likelihood
decision rule. Here, the ECHO - Extraction and €lfastion of Homogeneous
Objects (Biehl and Landgrebe, 2002) was used tocedhe effect of the high intra-
class variance present on high resolution imag@slkonos. A window size of 3x3

was selected as the minimum cell size.

* A region-based unsupervised segmentation/classdicanethod developed at the
University of Waterloo based on Markov random figddd implemented in the
software MAGIC (Yu and Clausi, 2008).

The MAGIC software first performs a watershed akhpon that creates small groups of
pixels, then these segments are further joined rdowp to the Markov random field
paradigm. Although this is not formulated as a rihethe algorithm, the watershed
segmentation typically creates groups in the ood@0 to 50 pixels. For that reason, there are
few very small patches in the final segmentationeithe watershed algoritArfVincent and
Soille, 1991) has created a first generalizatidnis Tvas considered desirable with the lkonos
image that contains more details than is needed aviand cover map, even considering the
plant family level. Since our goal was to producevetland cover map at 1:10 000, we
considered the minimum mapping unit to be abouasgmillimeter or 100 M

Areas selected as training and validation samplese wehosen based on field data and
image interpretation. After carrying some teststtom effect of the window size on the class
variance we have opted for windows of approximafdly11 pixels or 121 fnEach class is
represented by eight such windows totalizing al®0@ pixels per class. The bare soil class
was the only exception and windows of 9x9 pixelsenehosen for a total of 648 pixels. We
opted for these smaller windows to keep the samipkegrity considering the difficulty to

have “pure” bare soil samples.

4 The watershed algorithm is a segmentation thatrgées segments with closed boundaries. When ysigsklf, the
watershed tends to over segment natural imagdsstt@eate more segments than there are visijeets.
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Validation

Access in wetland areas can be very difficult anfiilly systematic or random sampling
scheme was impossible. Additionally, although tNé3is a protected area, most of it is still
privately owned and we were not always able to l@arenission of access from landowners.
Still, we were able to visit a total of 64 samplisites chosen from the interpretation of image
data to serve as training and validation data \(g&te rectangles on Figure 6a). To overcome
the access limitations, we also used a micro-lagfaraft flown at low altitudes (< 500 m) to
acquire over 700 oblique photographs of the areagua digital camera (Nikon D40X)
equipped with a zoom (Nikkor 18-200 mm 1:3.5-5.Bata from the tracking log of a
navigation GPS (Global Positioning System) set 3 an distance interval was coupled with
the acquisition time of the photographs to accdanthe aircraft position at each shot (the
camera and the GPS were previously synchronizéd.l8vel of detail on these photographs
was such that the dominant plant families couldled&® interpreted with the help of two

botanists and the ground samples (Figure 5).
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Figure 5. Field campaigns: (a) overview of the Pandeirostlavels; (b) micro-light aircraft
used for low altitude photographs; (c) ground samgpby boat; (d) photograph taken at an
altitude of 150 m.

From these data, we adopted two distinct methdédslaation. In the first instance,
traditional contingency matrices (or confusion ncats) were created to cross the actual
thematic class with the observed classificatiorultedBecause we had a relatively small
number of ground truth samples (64), they wereisdld for validating the results of all three
classification methods both supervised and unsigety In the case of the supervised
classification, we realized that this approach $emal overestimate the accuracy of the

classification but, in our case we were mainlgiasted in a comparative result.

In our second validation scheme, we selected a steNeyed area that we fully
interpreted visually using the low altitude obligpbotographs as support. This process
resulted in creating a reference map based on merpretation. These polygons were
delineated manually and labeled according to thespective class and used to validate the
results and evaluate the performance of each filxsgh difference image was created for
each of the three results in which zeros represenectly classified pixels and all other

values, classification errors.
RESULTS AND DISCUSSION

A first visual result evaluation revealed that théMAGIC unsupervised
segmentation/classification approach produced nmar@ogeneous classes than either the
supervised ECHO classification or the ISODATA urswgsed classifier. The ISODATA
produced the worst result both visually and in ®ohquantitative validation. Tables 2, 3 and
4 show the confusion matrices of all three clasaifons and Table 5 gives producer’s and
user’'s accuracy by class. Figure 6 shows the graplwounterpart of these classification
results. With a classification score of almost 9%8ased on the training samples), the
MAGIC algorithm vyielded better results than botre tBCHO (88%) and the ISODATA
(67%) classifiers. In particular, the ISODATA retsuare more affected by noise and show
textured appearance with little spatial consistemmcyll classes. Even given the apparent
superiority of the MAGIC approach, it should be m@med that the results have a clumpy
appearance and give the impression of loss ofugenl A good example is the main lagoon
(dark area in center on image) where segmentapipaas to have been over-generalized and

many small details not belonging to thigen waterclass have been lost in the process. These
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small fragments were better preserved by the sigshwlassification but since they were
mostly smaller than our minimum mapping unit (8@18F), this was not considered a
problem.

Table 2.Confusion matrices for the three classificationtmds: ISODATA.

Classified Data
Refere Producer Ponted Nymph Rip. Open Cypera  Bare  Pastur Floode Numbe

Accuracy e a- Forest Water -ceae Saoil e d r
nce riaceae  eaceae Pastur Sample
Data e s
Ponteder. 74,1 717 4 0 69 178 0 0 0 968
Nymphae. 23,1 1 224 0 0 48 31 664 0 968
E(i)lﬂ;-est 53,3 105 0 516 10 12 4 0 321 968
Op.water 98,6 1 2 0 954 11 0 0 0 968
Cyperac. 56,3 84 150 161 0 545 0 0 28 968
Bare Soil 65,4 0 2 0 0 0 633 10 3 648
Pasture 67,5 1 264 0 0 20 30 653 0 968
F. 78,1 0 0 45 0 0 167 0 756 968
Pasture
Total 909 646 722 1033 814 865 1327 1108 7424

User Accuracy 789 34,7 715 924 67,0 73,2 49,2 68,2
Overall 67.3
Kappa 62.6

Table 3.Confusion matrices for the three classificationmeés: ECHO.

Classified Data
Refere Producer Ponted Nymph Rip. Open Cypera  Bare  Pastur Floode Numbe

Accuracy e a- Forest Water -ceae Soil e d r
nce riaceae  eaceae Pastur  Sample
Data e s
Ponteder. 62,4 604 24 0 0 340 0 0 0 968
Nymphae. 95,1 0 921 0 0 1 1 45 0 968
Rip. 94,5 0 0 915 0 21 0 0 32 968
Forest
Op. water 98,2 0 13 1 951 0 0 3 0 968
Cyperac. 98,9 5 0 1 0 957 0 0 5 968
Bare Soil 65,0 0 10 0 0 629 0 9 648
Pasture 84,8 0 89 0 1 57 821 0 968
F. 75,1 0 0 237 0 4 0 0 727 968
Pasture
Total 609 1057 1154 951 1324 687 869 773 7424

User Accuracy 99,2 87,1 79,3 1000 72,3 916 945 94,0
Overall
87.9
Kappa
86.1
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Table 4.Confusion matrices for the three classificationtmeés: MAGIC.

Classified Data

Referen

Producer Pontede- Nympha  Rip. Open Cypera- Bare Flooded Number
ce Data Accuracy riaceae -eaceae  Forest  Water ceae Soil Pasture Pasture Samples
Ponteder. 90,8 879 0 0 0 89 0 0 0 968
Nymphae. 80,9 0 783 0 0 12 52 121 0 968
Rip. Forest 100,0 0 0 968 0 0 0 0 0 968
op.water  100,0 0 0 0 968 0 0 0 0 968
Cyperac. 89,0 6 0 98 2 862 0 0 0 968
Bare Soil 66,9 0 0 0 0 0 648 0 0 648
Pasture 99,7 0 0 0 0 0 3 965 0 968
F.Pasture  100,0 0 0 0 0 0 0 0 968 968
Total 885 783 1066 970 963 703 1086 968 7424
User Accuracy 99,3 100,0 90,8 998 895 92,2 88,9 100,0
Overall 94.8
Kappa 94.1

Table 5.Producer Accuracy (P%) and User Accuracy (U%) &ssification process ISODATA, ECHO and
MAGIC (highest values are in bold).

Unsupervised Supervised Unsupervised
Classes ISODATA ECHO Region-Based
(MAGIC)
P% U% P% U% P% U%
Pontederiaceae 74.1 78.9 62.4 99.2 90.8 99.3
Nymphaeaceae 23.1 347 95.1 87.1 80.9 100.0
Riparian Forest 53.3 71.5 94.5 79.3 100.0 90.8
Open Water 98.6 92.4 98.2 100.0 100.0 99.8
Cyperaceae 56.3 67.0 98.9 72.3 89.0 89.5
Bare Soil 97.7 73.2 97.1 91.6 100.0 92.2
Pasture 67.5 49.2 84.8 945 99.7 88.9
Flooded Pasture 78.1 68.2 75.1 94.0 100.0 100.0
Overall (Kappa) 67.3 (62.6) 87.9 (86.1) 94.8 (94.1)

The black polygon in Figure 6 (b) illustrates tlpeafic area mentioned previously that
has been frequently visited and is well validateee(area “B” on air photo of Figure 3(c)).
The analysis of this area made it possible to pimpspecific areas of success and errors in
all three results. Interestingly MAGIC is the orlgssifier that merged all the forest areas in a
one single object regardless of trees and treeosvgtbeing identifiable as separate objects
(Figure 6(d)). Generally speaking, the results frovaximum likelihood are similar to the

MAGIC results but with a much noisier appearandgufe 6(c)). The amount of bare solil is
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also largely exaggerated on this classified imdde ISODATA did not render any of the
forested areas as a spatially consistent classirg-i§ (b)). A similar comment can be made
for the PastureandCyperaceaelasses. Most importantly, tidymphaeaceapatch (pinkish
tone on center right of image) was only capturezperly by MAGIC while maintaining the

open water class surrounding it.

The validation tests corroborated the visual anslyEhe region-based classification using
MAGIC achieved 94.84% overall accuracy (with anireated Kappa accuracy of =
94.09%), the supervised ECHO (maximum likelihogapraach reported 87.89% accuragy (
= 86.13%), and the unsupervised ISODATA classiicatvas only 67.32% accurate €
62.58%). Open water was the only class well cleskiby all approaches. The open water
area on the upper left corner is slightly over galeed in the MAGIC solution and some
small patches of what appears to be macrophytes lien “swallowed” by the main class of
this area. The classes that were better classifitdall three classifiers are generally the ones
with the smoothest texture like open water, pasan@ bare soil whereas the more textured
classes were best classified using MAGIC. This s@sewhat expected since MAGIC was

only true region-based approach.

An evaluation of the MAGIC confusion matrix demaasts that the values for user
accuracy were between 89% and 100%. Ngenphaeaceaelass was the single class with
the most commission errors. Examining aerial ph@iplgs of the area we found that MAGIC
successfully classified groups NMiymphaeaceabut that some were wrongly associated with
shallow water. Shallow water can be found in twetidct forms: concentrated as large
patches in a few areas or diffuse, forming lined amall patches. When concentrated the
region-based approach had no problem identifyimgmthThe small diffuse areas and small
patches or lines tend to be “absorbed” by the dantirtlass in the vicinities. The same
observation is valid foBare soil. The classCyperaceagwas sometimes confused with
Pontederiaceae/Alimastaceatie to the blend of species belonging to this liami The
supervised approach presented the same patterthdoCyperaceaeclass than MAGIC.
However confusion between these two classes waghig this case.
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Legend

Pontederiaceae [l Riparian Forest [0 Cyperaceae [l Pasture
-Nymphaeaceae -Open Water Bare Soil " Flood Pasture

Figure 6. Classification results using the tree classifie)stkanos image of the select study area with refeeemap (in
color) and locations of all 64 ground control sifedite rectangles), b) Classification result usi@8@DATA, ¢) Result using
ECHO, d) Result using MAGIC.
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Figure 7. Image difference of MAGIC classification (a), ECHfDpervised classification (b) and ISODATA
unsupervised classification.: white representsemily classified areas while misclassification egygéen black.
Since little ground truth data was acquired during campaigns we concentrated our
efforts in the area where we have a better knovdeafgthe terrain and where we have the
benefit of good oblique aerial photographs and gdotruth. Based on this knowledge, we
performed a visual interpretation that we then carma@ with our results through the
generation of difference images (Figure 7). Tables®& for each classifier the number of
correctly classified pixels and the misclassificaterrors which are expressed in absolute and
relative numbers. It is striking that through tlagproach, all scores lowered but that the
general pattern is maintained with MAGIC outperforgh both traditional approaches.
Although suffering from some subjectivity becausé¢he indirect interpretation process used
to generate the validation area, these resultsrooed two main findings: 1) the region-based
classifier is more appropriate for this kind of l@etd environment and 2) our initial validation
approach using few samples (also used as traironghie supervised approach) tend to

overestimate the success rate.

Table 6. Number of correctly classified and misclassifiéxkfs expressed in absolute numbers and percentage.

MAGIC ECHO ISODATA
absolute absolute absolute
value % value % value %
Correctly classified 217920 70 127200 41 120708 39
Misclassified 91504 30 182224 59 188716 61

CONCLUSION

Wetland inventories are difficult to generate bessathey are often in inaccessible terrain.
Past sensors like Landsat could only render a gbped classification of these complex
multi-faceted areas. The advent of high resolutemotely sensed images like Ikonos brings

a whole new perspective to wetland inventories gisimbital remote sensing. This is
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especially true for relatively small wetlands sashthe one found within the Cerrado biome
for which the high cost of these image is not aoser limitation. However, traditional
classification approaches are not well adaptedheold@vel of details present on these images
and new region-based or object-based approachespgwential for processing this kind of
data. Among the realm of region/object-based dligos, MAGIC has been giving promising
results. It revealed a high potential wetlands meey mapping, especially as a preliminary
approaches when little ground data is availableaBseit is unsupervised, little field work is
required and quick results can be generated witlibat spatial consistency problems
ISODATA produces with high resolution data. In tetsdy, we have achieved classification
results that went beyond our expectations given toenplexity of the Pandeiros
environments. Airborne oblique photographs prowedhé a well adapted approach for our
reconnaissance and many plant species (or famdmdd be identified based solely on the
low level photographs. Future work will concentrate collecting biological material for
identification and a more thorough descriptionrdd tifferent wetland units.
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Capitulo 4

Artigo — 02 Revisitando a textura, a partir da matiz de coocorréncia dos niveis de cinza,
para classificar comunidades de plantas aquaticasmeambientes de terras umidas no
Brasil.

Revisiting grey level cooccurrence matrix texturedr improving
classification of aquatic plant communities in a wiéand

enviroment in Brazil
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Abstract. Wetlands are complex ecosystems hosting a higergity of landscape associated with water, soil
and vegetation variations. It provides several @&saesources for wildlife and human populati@msl supports

a miscellany of aquatic plant species. TRandeiros Wildlife Sanctuary is a unique wetland ecosystem
surrounded by semiarid savannas. It supports lesgenunities of macrophytes and terrestrial plants$ stores
large quantities of organic matter. In this article aimed to evaluate the use of Gray Level Coom@aMatrix
(GLCM) in the classification and segmentation ofetland environment using high resolution image.wadl

as determining the optimal parameters of textum@sgow size and distance to be used in the studiKkONOS
images for this sort of environment. We reachednaprovement of 13,3 % in the classification by audi
texture information in the process. The best resitieved was 87,5% of overall accuracy, usinggadlatance

of 3, an window size of 37. Contrast was the textiature that most contributed to improving cliéssiion
results.

Key words: Classification, High resolution, IKONOS, Texturegetation, wetlands
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INTRODUCTION

Wetlands have been perceived in the past as diatygerous and unimportant areas by
most Western communities (Gooselink, 2003). Sinke Ramsar Convention, a new
perception of those environments spreads throughOitcident. Several governments have
agreed in building a framework for the conservatamd wise use of these areas (Ramsar
2006). Brazil is one of the signatory parties & donvention and holds numerous wetlands in
its territory.

Although Brazil recognizes the importance of Wedlgnit does not have a specific law

definition which ensure the protection of theseiemaents. Considering this, we adopted the
Canada’s National Weltands Working Group (1997)cemt which considers wetlands to be

areas saturated by water long enough to suppodtiagprocesses as indicated by aquatic
vegetation, poorly drained soils and biologicalhaigt adapted to these particular conditions.

The Pandeiros River Flood Plain presents all tlodsgacteristics and is considered an
important wetland site in Brazil. It is even mopesial since it is located in a region of water
scarcity and is surrounded by savannah vegetaligorovides several ecosystem services
such as recycling nutrients, fixing carbon and aegimg the aquifer. Due to its relevance the
State Government of Minas Gerais acknowledgedsitesas a Wildlife Sanctuary. However,
the recognition as a protected area does not eftsyseeservation since the site has not been
expropriated. Large areas are still been usedide cattle and several smaller ones have been
drained and used by communities for family farmiBgrbosa and Maillard, 2010).

Since it is a unique site in Brazil, the identifioa of the types of wetlands environment
IS necessary to subsidized its proper management@rservation. This is a challenging task
since the Pandeiros hosts a complex ecosystemanltigh diversity of landscapes and the
inventory of wetlands demand field surveys, agstadto interpretation and satellite imagery.
Melack (2004) points out that the use of sateliitages is considered the most efficient, since
it allows a fast data acquisition and cartograph&pping.

A large range of tools are available to classifielite data. However, high resolution
images often require more sophisticated approasheas as object-oriented classification and
texture analysis. In a previous work, Barbosa amlldd (2010) compared traditional pixel-
based classifiers, supervised and unsuperviset, avihew-region based classifier - Magic
(Yu and Clausi, 2008). This work confirmed that tee of context information based on
Markov Randon Fields is able to improve the classiion overall accuracy of high

resolution images when compared with pixel-basedhriigues. Another approach which
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deserve special consideration is the use of texaatire which were not considerate in this
previous work. For example, Daws al. (2002) obtained an overall accuracy classificatbn
75% using image texture for riparian zones. Thesaastarting point, we decide evaluate

texture potential of classify different groups guatic plants based on Ikonos images.

1.3 Gray Level Co-occurrence Matrix

Several methods can be applied to perform textuadysis. Among these, the Gray Level
Co-occurrence Matrix (GLCM) is probably the mosteoonly used (Franklin, 2001) and has
been recognized as a means to improve classificagsults in many specific situations
(Clausi, 2000; Maillard, 2003). GLCM is based osexond order histogram in which each
entry represents the join probability of findinget of two grey levels at a certain distance
and direction from each other over some pre-defimediow (Maillard, 2001). Haralickt al.
(1973) was the first to extract texture featuresnithe GLCM in order to classify images for
which he originally described 14 textures measukswever many features are highly
correlated between themselves and many authors b@ee using but a subset of these.
Amongst the most popular ones we have chosen @eerttrast, Angular Second Moment,
Entropy, Inverse Difference Moment and Correlation.

Since GLCM is pointed as one of the best choicemethod for texture classification
(Maillar, 2001), this paper aimed to evaluate itgeptial to classify wetlands environment
using Ikonos images. As well as, outlining pattesh$exture features which could enlighten
the choice of optimal texture parameters duringcthssification process.

In this study, we aimed to evaluate the use of GL@Mthe classification and
segmentation of a wetland environment using higloltgion image. As well as determining
the optimal parameters of textures, window size distiance to be used in the study of
IKONOS images for this sort of environment.

2. Methodology
21 Study Area and Field Work

The Pandeiros Wildlife Sanctuary (PWS) is locatedrrthe Pandeiros’ River mouth, in
the Northern part of the State of Minas Gerais{Fegl). This river is an important affluent of
Séo Francisco River and is the breading groundewdral species of fish. It is also a refuge

for numerous rare endemic and threatened bird epéBiodiversitas, 2005).
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Figure 1.Location of Pandeiros Wildlife Sanctuary in Mirasrais (MG) — Brazil.

The region is protected by the State governmeiritoaities and is managed by the Forest
Institute of Minas Gerais (IEF-MG). It occupies@al area of 6103 ha. and preserves a
unique wetland with riparian forests, palm swampst meadows, lakes and ponds (Figure
2). Climate presents two distinct periods: wet eaaasom October to March, and dry from
April to September. This variation is charactecisif the Cerrado biome where water deficit

spans for about half the year.

0 100 200

00
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Figure 2. (a) Fusionned, false color Ikonos imafyjthe Pandeiros. The image represents an
area of 1200x1200 pixels or 144 ha. Legend: RontederiaceaeB — NymphaeaceaeC —
Riparian forest D —Open Water E — Alismatacead= — Cyperaceag G —Pasture H —
Flooded Pasturel —Bare Soi] J -Shallow water.
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The first of four field campaigns was conductedSeptember 2008 using a boat and an
all-terrain vehicle to access difficult areas fogeneral reconnaissance approach. During the
second one in February 2009 geodetic ground coptiiolts were collected for the geometric
correction and registration of the image. A speaibrk area was also defined and data were
acquired on the different vegetation physiognontiest could be identified on the Ikonos
image. The third campaign in May 2009 was mainlgickted to acquire low altitude
photographs using a micro-light aircraft to sensecamplementary validation data. The
fourth and last one, in April 2010 allowed acquirimew low altitude photographs and visit a
few spots requiring additional botanical inventoburing the last three campaigns, printed
copies of the lkonos image (scale 1:5000) were tsadentify complexes both in the field
and on the image. The data allowed us to divideetapn of the study area in 10 different
classes (Figure 2)Pontederiaceae NymphaeaceaeRiparian forest Open Water

AlismataceagCyperaceag Pasture Flooded PastureBare SoilandShallow water

Photographic records of different vegetation tygglavere acquired to constitute a visual
inventory of the Pandeiros. The dominant plant gsopresent on the photographs were
identified by two botanists at the Botanic Taxonobaporatory of the Universidade Federal
de Minas Gerais (UFMG). The aerial photographs @dovery useful for the inventory and as
validation data. Since only a navigation GPS wasdus the last two campaign, care was
taken to note and draw the landscape context fothal ground control points that were
mainly acquired for thematic purposes (as opposegebdetic). These points were essential
for understanding the different environments angirthespective context. It is during the
February campaign that the test area presented viieseselected for having the largest
possible number of different natural environmenithwv the smallest area. The selected area

covers 1.44 kimand is illustrated in Figure 2.

2.2 Image Processing

One fusionned Ikonos imayeegistered to a UTM projection of the central pafrthe
PWS was provided by the Forest Institute of Minasras (Figure 2). The image was

acquired in September 2006 corresponding to theoétite dry season when the water level

® Fusionning involves resampling the 4 m multispglds 1 m using the panchromatic
channel.
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is at its lowest. Given the flatness of the rehefd precise geodetic ground control points,
registration errors were kept below 5 meters.

The lkono’s red band was selected to create theirefeatures due to low atmospheric
effect and good characteristics for vegetation gadgmn. (Item A in Fig 3) This band was
used as input to the in-house GLCM texture proogsgrogram MACOOC (Philippe
Maillard ©2010) which produces all five texture raaees in four directions: 0°, 45°, 90° and
315° in a single pass. Although data was producetbur directions, these were always
grouped for analysis. Initially, we selected a fleavrameters (pixel pair lag distance, window
size and texture features) to conduct the firdstesorder to find the best value for the lag
(Figure 3) distance.

FIRST STEP

SECOND STEP

THIRD STEP

Ikonos Spectral . . Ikonos Spectral
Bands . Bands
tio B

Dieiniors Slerzor| |
Bands

| P > Improviment

Figure 3. Gray Level Co-occurrence Matrix (GLCM)st&.
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The following values were tested for lag distare4, 5, 6 and 7. We did not use values
1 and 2 because of the high correlation betweeghbeuring pixels (especially considering
the image resolution results from a fusion). A eatdi 7 was fixed as the maximum given that
aquatic plants present homogeneous groups wita btt no projection of shadows and the
average object size is rarely larger than 7 meters.

Window sizes of 15, 21, 25, 31, 35 and 45 were tsted. A maximum window size of 45
was selected once most of the features preseheisttdy do not exhibit homogeneous areas
larger than 1.600 fn As previously stated, we opted for five parametémgular Second
Moment (ASM), Entropy (Ent.), Constrast (Cont.)yénse Difference Moment (IDM), and
Correlation (Corr.) (Item B in Fig 3) .

After having selected the parameters, a total ofeX@re features ( number of parameter
x directions) were generated for each combinatiolag distance and window size using the
software MACOC (Item C in Fig 3).

Supervised classification method, which demandsurget truth data, were performed
using the maximum likelihood decision rule (BiehidaLandgrebe, 2002). Areas selected as
training and validation samples were chosen basefietd data and image interpretation. A
few tests were performed to evaluate the effeatiolow size on the variance of the class.
We chose use windows of about 11 x 11 pixels drri2in the classification process. The
class of bare ground was the only exception andlowus of 9 x 9 pixels were chosen to
maintain the integrity of the samples considering difficulty of having "pure" samples of
bare soil (Item D in Fig 3).

Aiming to detect the best combination of lag disnwvindow size and texture features,
we adopted a knock-duprocess to conduct the selection of input data ihe Supervised
classification method. Each image compound by texiand spectral bands of a specific
combination of window size and lag distance weltastted to a five steps knock-out process
which demand 19 classifications. Considering afl gossible combinations we performed
570 classifications (5 different lag distance x i6dow size x 19 classifications) that allowed
to select a total of 150 results, the best overaturacy of each step (Item E in Fig 3) (Table
1). These results were grouped according to latammie and window size. Means were

estimated grouping the ten best results achievedivwenty best results and considering all

® The knock-out process consists in testing thecefté the exclusion of a particular texture featimethe result of
classification. The higher the result obtainedchia tlassification process, the lower the relevaridhe texture feature. Thus,
this feature is eliminated and another round dfisesarried out with the remaining features.
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the results obtained during the classification pssc Texture features were analyzed
according to total frequency of appearance (lteimHg 3).

Table 1. Knock — out example. Legend: wind+dist (window ag ldistance), Tex+Spec
(Texture + Spectral bands), Constrast (Cont.), AargSecond Moment (ASM), Inverse
Difference Moment (IDM), Entropy (Ent.), and Coatbn (Corr.).

Wind.+dist. 15+03

Text+S 79,9

Cont ASM IDM Ent. Corr. Spectral

82,4 78,9 81,2 79,6 78 59,1
79,3 834 814 815 604
79,8 81,5 83,4 61,8
82 83,2 39,3

After applying the Supervised method to the datafetnage texture and spectral bands,
a five steps Knock-out process (Table 1) was peréarin order to reduce the features types
and frequencies that play the most important rolehie classification process. The best
overall accuracy results of each step were rankddaalyzed.

In the second step, tests combining the five végbf texture with 18 different window
sizes (11, 13, 15 to 45) were conducted using thrdwalue 3 for distance. We submitted the
results achieved to a Knock- out process, as pusiyanentioned, and 342 (1 lag distance x
18 window size x 19 classifications) classificasomere performed with a total of 90 results
that were analyzed (Item G in Fig 3).

The third step had consisted in applying the dasgion to each parameter of texture
separately combined with the spectral bands (Item IFg 3). The results were analyzed as a
total and grouped by range of window sizes allowfinding the best combination of window
size and texturing feature (Item I in Fig 3).

Finally we analyzed the correlation Matrix and eispon graphs of the results achieved
by the classification process using each paranwdtetexture combined and not with the

spectral bands.
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2.3 Validation

Access in wetland areas can be very difficult arfdllg systematic or random sampling
scheme was impossible. Additionally, although tNé3Pis a protected area, most of it is still
privately owned and we were not always able to h@arenission of access from landowners.
Still, we were able to visit a total of 72 samplisites chosen from the interpretation of image
data to serve as training and validation data. Vexamme the access limitations, we also used
a micro-light aircraft flown at low altitudes (< 80m) to acquire over 700 oblique
photographs of the area using a digital cameradiNiR40X) equipped with a zoom (Nikkor
18-200 mm 1:3.5-5.6). Data from the tracking logaohavigation GPS (Global Positioning
System) set at a 50 m distance interval was couplgd the acquisition time of the
photographs to account for the aircraft positioreath shot (the camera and the GPS were
previously synchronized). The level of detail oredd photographs was such that the
dominant plant families could easily be interpreteith the help of two botanists and the
ground samples.

3. Results and discussion

The results are presented in three blocks: 1) bistalefinition, 2) window definition and
3) behaviour of textures features.

3.1 Distance definition

A supervised classification based solely on spkdieamds of the lkonos image has
reached an overall accuracy of 75,2%. This valug uged to verify the efficiency of adding
texture features in the classification process.

After performing the knock-out process, the besuits of each step were ranked and
analyzed. This allowed to confirm that smallestdégjances had the best performance (Table
2). A Lag distance of 3 promote the highest resoitsverall accuracy. However, this first

approach was not able to pin-point which is the @sdow size. (Table 3).
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Table 2. Mean and Standard deviation to 10 best resulknotk-out, 20 and total according
to parameter lag distance (lag distance betweamd37and window sizes 15, 21, 25, 31, 35
and 41).

Lag Distance 3 4 5 6 7

Mean (10)  83,00(x1,40) 82,65(x0,61) 82,05(t1,38) 82,05(1,080,80(0,67)
Mean (20)  83,15(x1,49) 81,95(x0,89) 80,75(1,74) 81,55(x1,1%80,10(0,93)
Overall Mean 82,30(x2,74) 81,40(+2,19) 79,60(x3,72) 80,95(4,32)9,60(+1,97)

Table 3. Mean and Standard deviation to 10 best resultkmafck-out, 20 and total
considering only the parameter window size (lagatice between 3 and 7 and window sizes
15, 21, 25, 31, 35 and 41).

Window size 15 21 25 31 35 41

Mean (10)  82,90(x0,81) 83,25(x1,29) 82,45(x0,75) 81,85(x1,13) 82,20(x1,27) 82,65(x2,3:
Mean (20)  81,75(1,20) 81,45(1,76) 81,60(x1,57) 80,50(x2,18) 80,90(1,78) 79,45(+4,4¢
Overall Mean 81,40(+1,66) 81,10(+3,03) 80,60(2,60) 80,10(+2,53) 80,90(+2,76) 77,70(6,1

During the first step, the knock-out processes iplexy results with different combination
of texture feature. The number of times that eastute feature is selected for the next step
was analyzed and the following percentages weradolSM (68%), IDM (65%), Ent
(50%), Corr (47%) and Cont (18%). The best remdthed was 87,3% with a lag distance of
3, a window size of 41 and using the texture fesUDM and Ent (table 4).

Table 4. Five best classification results of Knock — oungsall 5 texture features combined
with spectral bands, lag distances between 3 aand7the following window sizes: 15, 21,
25, 31, 35 and 41.

Bands Distance  Window Overall Acurracy
IDM+Ent+S 3 41 87,3

Ent+S 3 41 86
ASM+IDM+Etn+S 3 35 85,3
ASM+IDM+Etn+S 3 21 85,1

Ent+S 6 31 84,8
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3.2 Window definition

With a fixed lag distance of tree and window siaeying between 11 and 45, the results
achieved prove that large window sizes have begults (table 5). The best results were
achieved with windows sizes of 41 and 45. The sécstep present a different order of
texture feature importance: ASM (72,63%), Ent. §32), IDM (69,47%), Cont (44,21%)
and Corr (42,11%).

The best result was achieved with two combinatiddse using the parameters: lag
distance of 3, window size of 41 and use of IDMt.E&amd spectral bands, and the other using:
lag distance of 3, window size of 45, Ent. and spébands (table 6).

Table 5. Mean and Standard deviation to 3 best resultsnotk-out and total considering

only the parameter window size (lag distance betvdand window sizes 11 to 45).

Window 11 13 15 17 19 21

Mean

(3) 82,70 (20,66) 82,20(x0,44) 83,40(x0,12) 83,30(+0,6(83,20(+0,87) 83,8(x0,97)

Mean  81,90(x1,27) 82,10(x1,09) 83,20(+1,49) 82,80(x2,0333,00(x1,92) 83,2(2,55)
Window 23 25 27 29 31 33

Mean (3) 82,90(x0,98) 82,90(x0,64) 82,80(x0,46) 83,60(x0,121,80(x0,23) 84,30(0,70)
Mean  82,40(x2,25) 82,90(+1,80) 82,80(+1,97) 83,60(x2,7081,80(x3,02) 83,50(+3,38)
Window 35 37 39 41 43 45

Mean (3) 83,10(x1,68) 84,50(x0,60) 85,60(x1,08) 86,00(+2,486,80(x0,96) 86,80(2,35)

Mean

82,00(x1,68) 83,80(x3,17) 83,90(x4,85) 82,50(+4,8835,30(x5,70) 83,00(5,48)

Table 6. Ten best classification results of Knock — oungsall 5 texture features combined

with spectral bands, lag distances of 3 and oddegabf window sizes between 11 and 45.

Bands Distance Window Overall

Acurracy
IDM+Ent+S 3 41 87,3
Ent+S 3 45 87,3
IDM+Ent+S 3 43 87,1
Ent+S 3 43 86,8
IDM+Ent+S 3

45 86,8
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Achieving the best results with only a few paramset@as unexpected and led us to
evaluate separately the performance of each textatere. First, we grouped the results to
find the best feature to be used in a specific @avfgnvindow size. ASM proved to be the best
feature when using windows between 11 and 21, gyptwas the best with windows between
23 and 33 and Contrast with windows between 35 4&hdThe best general result with
windows size varying from 11 to 45, was using Epyro(Table 7). Second we look for the
best combination. Although, we didn’t register gaedults using Contrast during the knock-
out process, this was the feature with the besiteefollowed by Entropy. (Table 8)

Table 7. Mean of the overall accuracy classification focledexture parameter grouped

according to window size.

Window Contrast ASM IDM Entropy Correlation

size

11t021 80,75(x0,78) 83,20(x0,69) 81,25(x1,50) 81,95(x0,49) 73,40(x0,76)
231033  83,20(x0,75)  82,50(+1,41)82,95(+1,14) 84,10(+0,88) 75,45(x1,92)
35t045  87,25(x0,50) 79,10(x0,67) 81,60(x0,52) 85,95(+1,37) 69,40(2,99)
11t045  83,20(+2,76) 81,95(1,78)81,70(x1,32) 83,80(+1,76) 73,35(+3,12)

Table 8. Five best results of image classifications usheypgarameters Contrast and Entropy
separately combined with spectral bands, lag distsf 3 and odd values of window sizes
between 11 and 45.

Window Contrast | Window Entropy
37 87,5 45 87,3
43 87,4 43 86,8
41 87,3 41 86

39 87,2 39 85,9
45 86,5 27 85,2

3.3 Texture features Behaviour

A few considerations can be extracted from therpnegation of correlation matrix and

dispersion graphs. Entropy is negatively correlatgith window size when tested
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separately. However, when combined with the splelotiads tends to increase as the window
size raises. The Contrast is correlated positiveith window size in both, when tested

separately and when combined with spectral bandsuin, the ASM presents negative

correlation in both situations (Tables 9 and 10).

This confirms that the second angular momentum splay important role when the
window size are relatively small (between 11 angl B@like the contrast that reaches the
best results with windows between 30 and 45. Egtmpsents a peculiar behaviour because
it presents very significant results in all sizésmindows, but these tend to improve as the
window size increases. In the Entropy+Spectral lyr@igure 4), we can observe two peaks:
one for windows of size 27 and other for windowsiae higher than the 39 (figure 4).

Table 9. Correlation Matrix of all classification resultsing each texture feature separately
combined with spectral band, a fixed lag distance8 and odd values of window sizes
between 11 and 45.

Window Cont+S ASM+S IDM+S Ent+S Corr+S

Window 1,00

Cont+S 0,91 1,00

ASM+S -0,84 -0,85 1,00

IDM+S 0,37 0,13 0,11 1,00

Ent+S 0,85 0,82 -0,66 0,27 1,00
Corr+S  -0,58 -0,58 0,71 0,33 -0,47 1,00

Table 10.Correlation Matrix of all classification resultsing each texture feature separetely,
a fixed lag distances of 3 and odd values of wind@es between 11 and 45.
Window Cont ASM IDM Ent Corr

Window 1,00

Cont 0,48 1,00

ASM -0,71 -0,78 1,00

IDM -0,62 -0,71 0,78 1,00

Ent -0,54 -0,36 0,35 0,64 1,00
Corr -0,94 -0,94 046 051 0,28 1,00
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Figure 4. Dispersion Graphs of classification results oftuex features according to window

size for each feature processed combined and naubiced with spectral bands.

The classification results fapectral bandsspectral band + constrasindspectral bands +

entropyare presented in figure 5. A visual comparisotheke results demonstrates that the

addition of contrast and entropy were able to impr¢he classification. The results that

included those features of texture showed lessasdlipepper effect than the result based only

on spectral bands. The Results for claBsmataceavere more homogeneous when texture

features were included. The forest class presemt&dilar result. Finally, areas of bare soll

were also more evident with the use of texture.
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(a) Fusionned, true color Ikonos image.

B TR T

(c) Spectral + contrast (d) Spectral + entropy.

I:I Pontederiaceas - Open Water - Fasture

- Shallow water - Alismataceae - Flooded Pasture

- Riparian forest I:I Bare Sail :] Cyperaceas
- Mymphaeaceae

Figure 5. Supervised classification results: (a¢ ttolor ikonos image, (b) classification using

only spectral bands, (c) classification using sd¢tands and contrast band, (d) classification
using spectral bands and entropy.
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Conclusion

In this study, we used the red band of the IKON@fage to extract information about the
texture of the soil cover. The red band proved ® dwitable for computing texture
information in a wetland environment. Tests dem@atst that small lag distances were more
efficient for image classification than large lagtdnces. This is probably due to the average
size of most wetland vegetation which was infetmr3 meter in general. The best results
achieved for window sizes were between 37 and ABs& values are related with the size of
homogeneous groups formed by the study objects.

Finally, Entropy improved the classification resulih all window sizes while contrast
provided suitable results when combined with langerdows and Angular Second Moment
with smaller windows. The best result of the clisation process achieved an overall
accuracy of 87,5%, using three as the distance dagtvwpixels, a window size of 37 and
contrast. Texture brought a definite improvementléssification result and it is unlikely that

these results could be further improved with thigllof multiespectral pan-enhanced image.
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Capitulo 5
CONCLUSAO

Neste trabalho, objetivou-se avaliar a aplicagdo téfenicas de classificacdo na
caracterizacdo de ambientes de terras Umidas ngiBeafe Vida Silvestre do Rio Pandeiros
a partir da imagem Ikonos. Optou-se por comparamicas de classificacdo tradicionais,
baseadas no valor do pixel, com técnicas maisteaiis, que consideram o0 contexto
espacial.

Observou-se que técnicas que consideram o contsgacial, MAGIC e textura,
tiveram resultados mais expressivos no processolassificacdo quando comparadas a
técnicas tradicionais, pois apresentaram um Maicesso NO processo de segmentacao e
classificacdo da vegetacao de terras umidas.

O software MAGIC apresentou resultados promisseresvelou um elevado potencial
para o mapeamento de terras Umidas, especialmamada a disponibilidade de
informacdes sobre o local é deficiente. O métodockdssificacdo ndo supervisionada,
baseada nos Campos Aleatérios de Markov, incorpomaesse programa, apresentou
resultados com consisténcia espacial muito supetiotécnica de classificacdo néo
supervisionada baseada no pixel (ISODATA).

Os testes realizados com as caracteristicas derdegeradas a partir da matriz de
coocorréncia (GLCM) mostraram que a inser¢cdo dernmicOes de textura melhoram os
resultados do processo de classificagdo quando avahp com o0s resultados da
classificagéo supervisionada apenas das bandasadeaimn Ikonos.

Esses resultados demonstram que imagens de atag&s permitem uma analise mais
detalhada das tipologias vegetais, entretanto daamartécnicas mais sofisticadas para a
extracao da informagao.

Além dos avancos técnicos alcangados nesse tralalbe destacar a fragilidade desses
ambientes no Brasil devido a auséncia de leis @g@ecque os protejam, situacdo que fica
nitida ao compararmos com outros paises, ondeocaypacao com esses ambientes levou a
elaboracado de conceitos especificos para os arabidatterras umidas.

Finalmente, recomenda-se, para trabalhos futuragaliacdo de areas mais extensas do
RVS do Rio Pandeiros em periodos distintos de sechuva. Testes envolvendo essas
variaveis permitirdo um maior conhecimento dos amtieis de terras Umidas dessa area e

contribuirdo para o manejo e preservagdo da Unidadeonservacao. Além disso, linhas de
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pesquisas envolvendo espécies exoticas, desenwritontde baceiros, assinatura espectral
de espécies de plantas aquéticas e imagens deesdtiicdo sdo pontos cruciais para o

entendimento da complexidade das paisagens quedeomp RVS do Rio Pandeiros.
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ANEXO | — DEFINICOES DE TERRAS UMIDAS

Canadian Wetland Definition

“Land that is saturated with water long enough tonmte wetland or aquatic processes as
indicated by poorly drained soils, hydrophytic viegien and various kinds of biological
activity which are adapted to a wet environment.”

Ramsar

“Areas of marsh, fen, peatland or water, whethéunahor artificial, permanent or temporary,
with water that is static or flowing, fresh, brasikj or salt including areas of marine water, the
depth of which at low tide does not exceed 6 méeters

U.S. National Academy of Sciences Definition

“A wetland is an ecosystem that depends on congtamecurrent, shallow inundation or

saturation at or near the surface of the substidte.minimum essential characteristics of a
wetland are recurrent, sustained inundation orrgatum at or near the surface and the
presence of physical, chemical, and biological Uzt reflective of recurrent, sustained
inundation or saturation. Common diagnostic featuoé wetlands are hydric soils and

hydrophytic vegetation. These features will be ené®xcept where specific physiochemical,
biotic, or anthropogenic factors have removed tloerevent their development.”

Definicion para los grandes humedales de Sudamérica

“Sistemas de cobertura sub-regional en los quedsepcia temporal de una capa de agua de
variable espesor (espacial y temporalmente) camukicilujos biogeoquimicos propios, suelos
con acentuado hidromorfismo y una biota peculiar pmcesos de seleccion, que tiene
patrones propios en su estructura y dinamica. Puealesiderarse como macrosistemas cuya
complejidad crece con la variabilidad hidrosediroligica y la extension geografica
ocupada”
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ANEXO Il — ARTIGO PUBLICADO NA REVISTA CANADIAN JOU RNAL OF
REMOTE SENSING.

Can. J. Remote Sensing, Vol. 36, Suppl. 2, pp. $231-5242, 2010

Mapping a wetland complex in the Brazilian
savannah using an lkonos image: assessing the

Introduction

potential of a new region-based classifier

lvan Seixas Barbosa and Philippe Maillard

Abstract. The Pandeiros is a unique wetland in northern Minas Gerais, Brazl. Even though it is an official wildlife
sanctuary, it suffers from ncreasing degradation because of livestock grazing and other forms of human activity. The
absence of specific laws defining and protecting wetlandsin Brazil is parily responsible for this situation. Having no official
designation, most environments ol the Pandeiros have not yet been identified or characterized as wetlands. This article
presents a comparison between an unsupervised region-based classification approach and traditional supervised and
unsupervised classification techniques for mapping different environments within this complex wetland system. All
three classification methods were lested and their results compared with field data and with an interpreted reference
map. The results suggest that the traditional supervised classification approach and the new region-based approach
have good potential for identifying the main vegetal physiognomies, but the latter yielded superior results, with an
estimated accuracy of 95% compared with 88% for the former. The resion-based aporoach had the advantase of a

Résumé. Le Pandeiros est un complexe de terres humides du nord du Minas Gerais au Bréal. Malgré ke fait détre un
sanctuaire offictal de la faune, la région souffre de plus en plus de dégradation dues au piturage et & d’autres formes
dactivités humaines: L'absence de lois spéafique qui definient et protége ces environments est partiellement responsable de
cette situation. N'ayant pas de designation officiclle, la pluspart des environments du Pandeiros n'ont toujours pas été
identifié ou caractérisés comme terres humides. Dans cet article, nous présentons une comparaison entre une approche de
classification basbe par objet ¢t des algorithmes traditionels de classification supervisée et non-supervisée pour la
cartographic des différents environments qui composent ce complexe de terres humides. Les trois méthodes ont été
lestées et leurs résultats comparés avec des données de terrain et une carte interprétée de référence. Les résultats
suggérent que Uapproche supervisée traditionelle et Fapproche basée par objet présentent tous deux un bon potentiel
pour identifier les principales physionomies végétales mais que ce dernier offre des résultats supéricurs avec une exactitude
estimée de 95 % contre 88 %. L'approche basée par objet a Mavantage d’une meilleure consistence spatiale qui facilite
Pinterprétation de image classifice. Dians une seconde approche d’évaluation, nous avons comparé les résultats avec une
carte interprétée de référence et obtenu des précision de 70 %, 41 % et 39 % pour approche basée par région, le maximum
de vraisemblance et FISODATA respectivernent.

contradiction, since Brazil holds 44% of all

freshwater

Wetlands provide several essential ecosystem services
(Constanza et al., 1997). In 1971, an intergovernmental
treaty, the Ramsar Convention, was signed with the aim to
build a framework for the conservation and wise use of these
areas (Ramsar Convention Secretanat, 2006). Although Bra-
7l is part of this agreement, there is no legal concept of
wetlands in Brazilian laws, and few programs have been
developed with the aim to protect these areas. The absence
of an agenda to protect these environments is a national

resources in Latin American and 12% of the world's fresh-
water resources (FAQ, 2002). The conservation of these
arcas requires mapping ther location and characteristics
and monitoring how human activities impact them.

Due to the lack of a national definition of wetlands, we
adopted the concept established by Canada’s National Wet-
lands Working Group (1997), which defines wetlands as
environments where areas remain saturated for long enough
to promote aguatic processes as indicated by poorly drained
soils, hydrophytic vegetation, and a wide range of biological
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ANEXO IlIl - TRABALHO APRESENTADO NO ISPRS TC VII SY MPOSIUM - 100
YEARS ISPRS.

In: Wagner W., Székely, B. (eds.): ISPRS TC VII Symposium — 100 Years ISPRS, Vienna, Austria, July 5-7, 2010, [APRS, Vol. XXXVIII, Pan 7B
Contents Author Index Keyword Index

MAPPING WETLAND ENVIRONMENTS IN THE BRAZILIAN
SAVANNAH FROM HIGH RESOLUTION IKONOS IMAGE DATA

L. Barbosa *

* Federal University of Minas Gerais, Geo science Institute, 31270-901, Belo Horizonte, Brazil,
® State Forest Institute of Minas Gerais — Biodiversity Management , Belo Horizonte, Brazil

Commission VI, WG VI/4
KEY WORDS: Classification, High resolution, IKONOS, Land Cover, Texture, Vegetation, Wetlands

ABSTRACT:

Wetlands are complex ecosystems hosting a high diversity of landscape associated with water, soil and vegetation
variations, It provides several essential resources for wildlife and human populations and supports a miscellany of
aguatic plant species. The Pandeiros Wildlife Sanctuary is a unigue wetland ecosystem surrounded by semiarid
savannas. [t supports large communities of macrophytes and terrestrial plants and stores large guagntities of organic
matter. In this article we propose a methodology for classifying these wetlands using their spectral and textural
signature extracted from lkonos image data. The main plant communities were identified from low altitude photographs
acquired with a microlight aircrafl. Ground data also complemented these photographic records. Classification trials
were made using both spectral and spatial feature (texture) to assess the most appropriate approach, As a result five
classes of macrophytes (as dominant specie) and four terrestrial classes were identified with an accuracy of over 80%.
Texture data brought a significant improvement to the classification.

RESUME:

Les zones humides sont des écosystémes complexes accueillant une grande diversité de paysages associée a l'eau, aux
sols et aux variations de la végétation. Il offre plusieurs ressources essentielles pour la faune et les populations
humaines et soutient une grande variété d’especes de plantes aquatiques. Le Refuge Faunique du Pandeiros est un
écosystéme humide unique entouré par la savane semi-aride. 1l supporte de grandes communautés de macrophytes et
les plantes terrestres et une quantité importante de matiére organique. Dans cet article, nous proposons une
méthodologie de classification de ces zones humides basée sur leur signature spectrale et texturale extraite a partir des
données d'image lkonos. Les principales communautés végétales ont été identifides & partir de photographies 4 faible
altitude acquise avec un ULM. Des données au sol ont également complété ces documents photographiques. Des essais
de classification ont él¢ faits en utilisant les caractéristiques spatiales et spectrales (texture) pour évaluer I'approche la
plus appropriée. En conséquence cing classes de macrophytes (comme espéce dominante) et quatre classes terrestres
ont été identifiés avec une précision de plus de 85%. Les données de texture ont apporté une amélioration significative
i la classification,

1. INTRODUCTION
The Pandeiros River Flood Plain presents all this characteristics
and is considered an important wetland site in Brazil, It is even
Wetlands were previously seen as dirty, dangerous and  more special since it is located in a region of water scarcity
unimportant areas by most Western communities (Gooselink, surrounded by savanna vegetation. It provides several
2003). Since the Ramsar Convention, a new perception of those  ecosystem services such as recyeling nutrients, fixing carbon
environments spread through oceident. Several governments and recharging the aguifer. Due to its relevance the State
agreed in built a framework for the conservation and wise use Government acknowledged this site as a Wildlife Sanctuary.
of these areas (Ramsar 2006). Brazil is one of the signatory However, the recognition as a protected area does not ensure
parties of the convention and holds numerous wetlands in its the preservation of this region, Large areas still been used to
territory. raise cattle and several small ones are drained and used by
communities for family farming (Barbosa, 2009).
Although Brazil recognize the importance of Wetlands, a lack
of definiion and specific protecting laws threat this  Since it is a unique site in Brazil, identifying types of wetlands
environments. Due to this absence, we adopted the Canada’s found in this environment will subsidized its proper
National Weltands Working Group (1997) concept  which management and conservation. Nevertheless, this task is a
considers wetlands areas saturated by water long enough 10 challenge since Pandeiros host a complex ecosystem with a
support aguatic process as indicated by aquatic vegetation, high diversity of landscapes.
poorly drained soils and biological activity adapted to this
particular conditions.
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