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Motivacao

* Analise de dados espaco-temporais
usualmente é feita primeiro sob um aspecto
espacial ou sob um aspecto temporal, mas
raramente sob esses dois aspectos de forma
integrada.

* Falta software capaz de manipular, importar,
exportar, exibir e analisar esse tipo de dado.



Motivacao

O ambientes estatistico R fornece uma linguagem
amigavel aliada a uma grande quantidade de pacotes
e funcOes para estatistica espacial. Lhe falta no
entanto os recursos tipicos presentes em Sistemas de
Informacao Geograficos como recuperacao e
armazenamento de dados espaco temporais.



Observacoes

tipo Observacéao [F: Tipo; C: Tipo; M: Tipo]

operacoes:
novo: {(F,C,M),, (FC,M),, ..., (F,C,M),} — Observagbes | n>0
referéncia: Observacoes — F
posicoes: Observagoes — {C,, C,, ..., C}

medicOes: Observacdoes x C — M



Diferentes visualizacdes sobre as
observacoes

Time Series

air pollution variation
over time

Observations Trajectory

car location variation
over time

Coverage

air pollution variation
within the city limits



Diferentes visualizacoes sobre as
observacoes

(1) “When the
average pollution in
the city was greater
than x for more than
five hours?”

Observations

(2) “How long did car
c01 stay in the south
region of the city?”

each observation

contains a car (3) “What city district
a set of cars identity, a time ~ had the worst
equipped with GPS instant, a location POHUEIOH index in this
and air pollution and an air day?

sensors pollution value



Séries temporais
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(a) (b)

(a) Temperatura coletada por diferentes estagdes metereoldgicas;

(b) Numero de ovos coletados de uma armadilha de mosquito em
um distrito de Recife.



Coberturas

Chuva no estado do Rio de Janeiro em
11 de Janeiro de 2011



Trajetorias
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(a) Trajetdria de ledes-marinhos na Antartida

(b) Evolucao dos limites de trés municipios de Rondonia
de 2001 a 2005

Rondénia’s
municipalities:

D Costa Marques

[] S8o Francisco do
Guaporé

[:] Seringueiras



TerralLib 5

ObservationDataSet

TimeSerieslterator

AbstractTimeS eriesinterp

TrajectoryIterator

AbstractTrajectoryinterp

CoverageSeriesiterator

TimeSeriesDataSet " TimeSeries
TrajectoryDataSet
Trajecto!
— )| ry -
CoverageSeriesDataSet Coverag.s.ri.s?

-

AbstractCoverageSeriesinterp




TerralLib

TerraLib library

ST Module
ﬂ Moving Objects
_Moving
STLoader Module = Oﬂi?;ds:t:me

file

ﬂ Data set

DataAccess Module

Data set Data set Data set

[ A S —— ——. - ———- - —— A A ——— |

KML
file

GML

file PostGIS



Ambiente R

R>n<-5

R> g <~ gl{n, 100, n¥100}

R> x <~ rnorm{n¥100} + sqrt{codes{g}} Math can be beautiful ...
R> boxplot{split{x,q}, col="lavender", notch=TRUE}

R> title{main="Notched Boxplots", xlab="Group", font.main=4, font,lab=1)

R>

R> ctl <- c{4,17,5,58,5,18,6,11,4,50,4,61,5,17,4,53,5,33,5,14)
R> trt <- c(4,81,4,17,4,41,3,59,5,87,3,83,6,03,4,89,4,32,4,69)
R> group <- gl{2,10,20,labels=c{"Ct1","Trt"}}

R> weight <- clctl,trt}

R> anova{lm, D9 <- Im{weight“aroup}}

Analysis of Variance Table
Response: weight Given : depth

Df Sum Sq Mean Sq F PrOF) 100, 200 G0 00, 900 1000
group 1 0,6882 10,6882 1,419 0,249
Residual 18 8,7293  0,4850
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Spacetime

* Desenvolvido por Edzer Pebezma

* Unificacao das estruturas de dados espaco
temporais

* Operacoes de manipulacao, exibicao e analise



Spatial features

Spatial features
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Classes do spacetime

ST

sp: Spatial
time: xts
endTime: POSIXct

lllI

STF full Iattice

-

STFDF

data: data.frame

STS sparse Iat.

1

STSDF

index: matrix

data: data.frame

STI

irreguiar

STIDF

data: data.frame

STT trajectory

- & __

STTDF

traj: list

data: data.frame

geomelries
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with data values



Rcpp

Desenvolvido originalmente por Dirk

Eddelbuettel

Integracao entre R e C++
Classes e ferramentas
Geracao de pacotes

®

C




#include <R.,h>
#include <Rdefines.h>
extern "C" SEXP vectorfoo(SEXP a, SEXP b){
int 1, n;
double *xa, *xb, *xab; SEXP ab;
PROTE]QT(a = AS NUMERIG(a|) Cfoercao do tipo do SEXP
PROTEQT(b = AS_NUMERIC(b));
n = LENGTH(a),;
PROTECT(ab = NEW_NUMERIC(n));
Xa=NUMERIC_POINTER(a); Xb=NUMERIC_POINTER(D);
Xab = NUMERIC_POINTER(ab);
double X = 0.0, y = 0.0
for (i=@; i<n; i++) xab[i] = 0.0;
for (1=0; i<n; 1i++) {
X = xa[i]; y = xb[1i];
xab[1] = (X <y) ? X*X © -(Y"Y);
}
UNPROTECT(3);
return(ab);




#include <R.,h>

#include <Rdefines.h>

extern "C" SEXP vectorfoo(SEXP a, SEXP b){
int 1, n;
double *xa, *xb, *Xab; SEXP ab;
PROTECT(a = AS_NUMERIC(a));

PROTECT (b = AS_NUMERIC(b)); )
n = LENGTH(a): Protecao contra o

PROTECT (ab = NEW_NUMERIC(i1)); garbage collector
Xa=NUMERIC_POINTER(a); Xb=NUMERIC_POINTER(Db);
Xab = NUMERIC_POINTER(ab);
double x = 0.0, y = 0.0 ;
for (i=@; i<n; i++) xab[i] = 0.0;
for (1=0; i<n; 1i++) {
x = xa[i]; y = xb[1];
xab[1] = (X <Yy) ? X*X © -(Yy"Y);
\

UNPROTECT (&) ; Liberacao de recursos (pilha)
return(ab);



#include <R.,h>
#include <Rdefines.h>
extern "C" SEXP vectorfoo(SEXP a, SEXP b){
int 1, n;
double *xa, *xb, *xab;, SEXP ab;
PROTECT(a = AS_NUMERIC(a));
PROTECT(b = AS_NUMERIC(b));
N = LENGTH(a);
PROTECT (ab = NEW_NUMERIC(n));
Xa=NUMERIC_POINTER(a); Xb=NUMERIC_POINTER(D);
Xab = NUMERIC_POINTER(ab);
double X = 0.0, ¥y = 0.0 ;
for (i=@; i<n; i++) xab[i] = 0.0;
for (1=0,; i<n; 1i++) {
X = xa[i]; y = xb[1],;
xap[1i] = (X <Yy) ? X*X @ -(Y[Y);
J
UNPROTECT(3);
return(ab);



// Coédigo R equivalente:
// vectorfoo <- function(x,y) ifelse(x<y, x*X, -
(Y*y))

#include <Rcpp.h>
RcppExport SEXP vectorFoo( SEXP a, SEXP b){
Rcpp: :NumericVector x(a), y(b);
Rcpp: :NumericVector xah =
ifelse(x<y , xX*x, -(y*y)), // Rcpp::sugar
return xab;



Dados de C++ para R

* Tipos primitivos:
— Int, double, bool, etc

* Objetos STL:

— string, vector, map;

* Demais conversoes devem ser declaradas pelo
desenvolvedor



Exemplo

// [[Rcpp::export]]

std: :vector<RBcpp::Datetime> getTime (te::st::TrajectoryDataSet &output)
B!

std::locale 1("");
std: :setlocale (LC_ALL,"=en US.UTF-8");

std: :vector<Rcpp::Datetime> datetime;

output .moveBeforeFirst () ; // Inicio do dataset
while (cutput . .moveNext())

] {
std::auto_ptr<te::dt::DateTime> time = output.getTime () ;

Rcpp: :Datetime dt(time->toString(), FORMAT TIME) ;

datetime.push back(dt) ;
std::auto ptr<te::gm::Geometry> geom = output.getGeometry() ;

std::setlocale(LC ALL, l.name(}.c str());

return datetime;



Pacote TerraST

* Dependéncias:
— pacotes Rcpp, spacetime.
— Terralib 5.



Estrutura do Pacote

DESCRIPTION

— TerraST-package.Rd
TrajectoryExamples.Rd
NAMESPACE

L— RcppExports.R
README . md

CreateDataSourceAndUpdateManager.cpp
LoadModules.cpp
LoadTrajectoryDateSetFromKML.cpp
main.cpp

Makevars

PrintTimeSeries.cpp
PrintTrajectory.cpp
PrintTrajectoryDataSet.cpp
RcppExports.cpp

STExamples.h

TrajectoryDistance.cpp
TrajectoryIntersection.cpp
Wrappers.cpp

Wrappers.h




Resultados

Pacote TerraST

Arquivos KML — trajetoria de ledes marinhos
Dados carregados em memoria

Terralib — TrajectoryDataSet -> R — STI



Conclusao



