Package ‘sits’

November 2, 2023
Type Package
Version 1.4.2-1

Title Satellite Image Time Series Analysis for Earth Observation Data
Cubes

Maintainer Gilberto Camara <gilberto.camara.inpe@gmail.com>

Description An end-to-end toolkit for land use and land cover classification
using big Earth observation data, based on machine learning methods
applied to satellite image data cubes, as de-
scribed in Simoes et al (2021) <doi:10.3390/rs13132428>.
Builds regular data cubes from collections in AWS, Microsoft Planetary Computer,
Brazil Data Cube, and Digital Earth Africa using the Spatio-temporal Asset Catalog (STAC)
protocol (<https://stacspec.org/> and the 'gdalcubes' R package
developed by Appel and Pebesma (2019) <doi: 10.3390/data4030092>.
Supports visualization methods for images and time series and
smoothing filters for dealing with noisy time series.
Includes functions for quality assessment of training samples using self-organized maps
as presented by Santos et al (2021) <doi:10.1016/j.isprsjprs.2021.04.014>.
Provides machine learning methods including support vector machines,
random forests, extreme gradient boosting, multi-layer perceptrons,
temporal convolutional neural networks proposed by Pel-
letier et al (2019) <do0i:10.3390/rs11050523>,
residual networks by Fawaz et al (2019) <doi:10.1007/s10618-019-00619-
1>, and temporal attention encoders
by Garnot and Landrieu (2020) <arXiv:2007.00586>.
Performs efficient classification of big Earth observation data cubes and includes
functions for post-classification smoothing based on Bayesian inference, and
methods for uncertainty assessment. Enables best
practices for estimating area and assessing accuracy of land change as
recommended by Olofsson et al (2014) <doi:10.1016/j.rse.2014.02.015>.
Minimum recommended requirements: 16 GB RAM and 4 CPU dual-core.

Encoding UTF-8
Language en-US
Depends R (>=4.0.0)


https://doi.org/10.3390/rs13132428
https://stacspec.org/
https://doi.org/10.3390/data4030092
https://doi.org/10.1016/j.isprsjprs.2021.04.014
https://doi.org/10.3390/rs11050523
https://doi.org/10.1007/s10618-019-00619-1
https://doi.org/10.1007/s10618-019-00619-1
https://arxiv.org/abs/2007.00586
https://doi.org/10.1016/j.rse.2014.02.015

URL https://github.com/e-sensing/sits/,
https://e-sensing.github.io/sitsbook/

BugReports https://github.com/e-sensing/sits/issues
License GPL-2

ByteCompile true

LazyData true

Imports yaml, dplyr (>= 1.0.0), gdalUtilities, grDevices, graphics,
lubridate, parallel (>= 4.0.5), purrr (>= 1.0.2), Repp, rstac
(>=0.9.2-5), sf (>= 1.0-12), showtext, sysfonts, slider (>=
0.2.0), stats, terra (>= 1.5-17), tibble (>= 3.1), tidyr (>=
1.2.0), torch (>=0.11.0), utils

Suggests caret, cli, dendextend, dtwclust, DiagrammeR, digest, e1071,
exactextractr, FNN, future, gdalcubes (>= 0.6.0), geojsonsf,
ggplot2, httr, jsonlite, kohonen (>= 3.0.11), leafem (>=
0.2.0), leaflet (>=2.2.0), luz (>= 0.4.0), methods, mgcv,
nnet, openxlsx, randomForest, randomForestExplainer,
ReppArmadillo (>= 0.12), scales, stars (>= 0.6), stringr,
supercells, testthat (>= 3.1.3), tmap (>= 3.3), torchopt (>=
0.1.2), xgboost, covr

Config/testthat/edition 3

Config/testthat/parallel false

Config/testthat/start-first cube, raster, regularize, data, ml
LinkingTo Rcpp, ReppArmadillo

RoxygenNote 7.2.3

Collate 'api_accessors.R' 'api_accuracy.R' 'api_apply.R' 'api_band.R'
'api_bbox.R' 'api_block.R' 'api_check.R' 'api_chunks.R'
'api_classify.R' 'api_clean.R' 'api_cluster.R' 'api_colors.R’
'api_combine_predictions.R' 'api_comp.R' 'api_conf.R’
'api_csv.R' 'api_cube.R' 'api_data.R' 'api_debug.R’
'api_download.R' 'api_factory.R' 'api_file_info.R' 'api_file.R'
'api_gdal.R' 'api_gdalcubes.R' 'api_imputation.R' 'api_jobs.R'
'api_label_class.R' 'api_mixture_model.R' 'api_ml_model.R’'
'api_mosaic.R' 'api_parallel.R' 'api_period.R'
'api_plot_time_series.R' 'api_plot_raster.R’
'api_plot_vector.R' 'api_point.R' 'api_predictors.R’
'api_raster.R' 'api_raster_sub_image.R' 'api_raster_terra.R’
'api_reclassify.R' 'api_regularize.R' 'api_roi.R'

'api_s2tile.R' 'api_samples.R' 'api_segments.R' 'api_sf.R'
'api_shp.R' 'api_signal.R' 'api_smooth.R' 'api_smote.R'
'api_som.R' 'api_source.R' 'api_source_aws.R'
'api_source_bdc.R' 'api_source_deafrica.R' 'api_source_hls.R'
'api_source_local.R' 'api_source_mpc.R' 'api_source_sdc.R'
'api_source_stac.R' 'api_source_usgs.R'
'api_space_time_operations.R' 'api_stac.R' 'api_stats.R’


https://github.com/e-sensing/sits/
https://e-sensing.github.io/sitsbook/
https://github.com/e-sensing/sits/issues

R topics documented: 3

'api_summary.R' 'api_tibble.R' 'api_tile.R' 'api_timeline.R'
'api_torch.R' 'api_torch_psetae.R' 'api_ts.R' 'api_tuning.R'
'api_uncertainty.R' 'api_utils.R' 'api_values.R'
'api_variance.R' 'api_vector.R' 'api_vector_info.R'
'api_view.R' 'ReppExports.R' 'data.R' 'sits-package.R'
'sits_apply.R' 'sits_accuracy.R' 'sits_active_learning.R’
'sits_bands.R' 'sits_bbox.R' 'sits_classify.R' 'sits_colors.R’
'sits_combine_predictions.R' 'sits_config.R' 'sits_csv.R'
'sits_cube.R' 'sits_cube_copy.R' 'sits_cluster.R'
'sits_factory.R' 'sits_filters.R' 'sits_geo_dist.R'
'sits_get_data.R' 'sits_labels.R' 'sits_label_classification.R'
'sits_lighttae.R' 'sits_machine_learning.R' 'sits_merge.R'
'sits_mixture_model.R' 'sits_mlp.R' 'sits_mosaic.R’
'sits_model_export.R' 'sits_patterns.R'" 'sits_plot.R’
'sits_predictors.R' 'sits_reclassify.R' 'sits_regularize.R'
'sits_resnet.R' 'sits_sample_functions.R' 'sits_segmentation.R'
'sits_select.R' 'sits_sf.R' 'sits_smooth.R' 'sits_som.R'
'sits_summary.R' 'sits_tae.R' 'sits_tempcnn.R’
'sits_timeline.R' 'sits_train.R' 'sits_tuning.R' 'sits_utils.R’
'sits_uncertainty.R' 'sits_validate.R' 'sits_view.R'
'sits_variance.R' 'sits_xIsx.R' 'zzz.R'

NeedsCompilation yes

Author Rolf Simoes [aut],
Gilberto Camara [aut, cre],
Felipe Souza [aut],

Lorena Santos [aut],
Pedro Andrade [aut],
Karine Ferreira [aut],
Alber Sanchez [aut],
Gilberto Queiroz [aut]

Repository CRAN
Date/Publication 2023-11-02 15:10:02 UTC

R topics documented:

Sits-package . . . . . . . e e e e e e 6
cerrado_2cClasSes . . . . ... e e e e e 7
Plot . L 7
plot.class_cube . . . . .. e e e 8
plot.class_vector_cube . . . . . ... e 10
plot.geo_distances . . . . . . . ... 11
PlOL.patterns . . . . . . . . e e e e e e e e e e 13
plot.predicted . . . . . . ... 14
plot.probs_cube . . . . . . .. e e e e e e 15
plot.probs_vector_cube . . . . . . ... 16

plotraster_cube . . . . . ... L 18



R topics documented:

plotrfor_model . . . . . . . .. 19
PIOLSItS_aCCuracy . . . . . . . o v i e e e e e e e 20
plotsits_cluster . . . . . . ... 21
plot.som_evaluate_cluster . . . . . . . . . ... L 22
PIOLSOM_MAD . . . . . o v o ot e e e e e e e e e e e e 23
plot.torch_model . . . . . . . . . .. 24
plotuncertainty_cube . . . . . . ... oL 25
plot.variance_cube . . . . . ... e e e e 26
plot.vector_cube . . . . . ... e e e e 28
plotxgb_model . . . . . . ... 29
point_mt_6bands . . . . . ... .. 30
samples_I8_rondonia_2bands . . . . . . . . ... 31
samples_modis_ndvi . . . . . ... 31
SIES_ACCUIACY . « « . v v v v e e e it e e e e e e e e 32
SItS_apply . . . . e e e e 34
Sits_as_sf . . . . e 36
sits_bands . . . . .. e, 37
SItS_DDOX . . . e e 39
sits_classify . . . . .. e 40
sits_cluster_clean . . . . . . . .., 44
sits_cluster_dendro . . . . . . . .. 45
sits_cluster_frequency . . . . . ... e 47
SItS_COIOTS . . . . . o e e e 48
SItS_COlOIS_Q@IS . « v v v v e 48
SItS_COIOIS_TESEL . . . . . v v e e e e e e e e e e e e e e e 49
SItS_COlOTS_Set . . . . . . . o e e e e e e 50
sits_colors_show . . . . . . . L e, 51
sits_combine_predictions . . . . . . .. ... 51
sits_confidence_sampling . . . . . . . . . ... e 54
sits_config . . . . . L L e 55
sits_config_show . . . . . . .. L 56
SItS_CUDE . . . . e e 57
SItS_Cube_COPY . . . . .. e 62
sits_factory_function . . . . . . . ... L 63
sits_filter . . . . e e e 65
sits_formula_linear . . . . . . . . . . . ... e 66
sits_formula_logref . . . . . . . . ... L 67
sits_geo_diSt . . . ... L 68
sits_get_data . . .. .. L e e e e e e e 69
sits_kfold_validate . . . . . . . . . . . . 73
sits_labels . . . .., 74
sits_labels_summary . . . . . ... 76
sits_label_classification . . . . . . . . . ... e 77
sits_lighttae . . . . . . . ... 79
sits_list_collections . . . . . . . . . . e e 81
SIES_IMETEE .« . v v v v v o e e e e e e e e e e e e e e e e e e e e 82
sits_mixture_model . . . . . ... e 83

sits_mlp . . .. e 86



R topics documented: 5

Index

sits_model_export . . . . . . .. e e e e e e 88
SIES_MOSAIC . . v v vt v e e e e e e e e e e e e e e e e e 89
SIS_PAEINS « . .« v v v ot e e e e e e e e e e e e e e e e e e e 91
Sits_prediCtors . . . . . ... . 92
sits_pred_features . . . . . ... 93
sits_pred_normalize . . . . . . . .. ... 94
sits_pred_reference . . . . . . ... L. e e e 95
sits_pred_sample . . . . ... e e e 95
sits_reclassify . . . ... 96
sits_reduce_imbalance . . . . . . . . . . ... 99
sits_regularize . . . . .. ... 101
SIES_TESNEL . . . o v v o e e e e e e e e e 104
SItS_IfOr . . . . e e e 106
Sits_run_examples . . . . . .. oL e e e e e e e e 108
SILS_TUN_LESES . . . . o v e e e e e e e e e e e e e e 108
sits_sample . . ... L 109
SIES_SEZMENE . . . . . . v vt e e e e 110
SItS_SElect . . . . . e e 112
SItS_SZOlAY . . . . . e e e e e 113
SItS_SHIC . . . . . e e e 114
Sits SMOOth . . . . . . . e e 116
SIES_SOML . . . v v o o e e e e e, 119
sits_som_clean_samples . . . . . .. ... 121
sits_som_evaluate_cluster. . . . . . . . . . ... e 122
SIES_SEALS . . . . o e e e e e e e e e e e e 122
SIES_SVIML . . v v v o o e e e e e e e e e 123
SILS_TAE . . . . . e e, 125
SIES_TEMPCIN . . . . v v v v v e e e e e e e e e e e 127
SitS_timeline . . . . . . . . . e e e e e 130
SIES_TO_CSV . v v v o o o e e e e e e e 131
SILS_tO_XISX . . o . o e e e e e e e 132
SIES_Lralll . . . . v v o e e e e e e e e e e e e e 133
SIES_TUNING . . . . . . o o o e e e 134
sits_tuning_hparams . . . . . . . ... 135
SItS_UNCEItainty . . . . . . . . o ot e e e 137
sits_uncertainty_sampling . . . . . . . .. ..o e e e 139
sits_validate . . . . . . ... e e 140
SItS VAIIANCE . . . . o v v o e e e e e e e e e e e 142
SIES_ VIEW . . o o o e, 144
sits_whittaker . . . . . . . L e e e 148
SItS_XEDOOSt . . . . .. e e e e e e 149
summary.class_cube . . . . ... e 151
summary.raster_cube . . . ... L. L e e 152
SUMMATY.SItS . . . o v v v v e e et e e e e e e e e e e e e e 153
SUMMArY.SItS_ACCUTACY . .« « « « ¢ v v v v e e e e et e e e e e e e e e e e 154
SUMMAry.SitS_area_acCuraCy . . . . . . v v v v o v v v et e e e e e e e 155
‘sits_labels<-C . . . L L e e 156



6 sits-package

sits-package sits

Description

Satellite Image Time Series Analysis for Earth Observation Data Cubes

Purpose

The SITS package provides a set of tools for analysis, visualization and classification of satellite
image time series. It includes methods for filtering, clustering, classification, and post-processing.

Author(s)

Maintainer: Gilberto Camara <gilberto.camara.inpe@gmail.com>

Authors:

¢ Rolf Simoes <rolf.simoes@inpe.br>

* Felipe Souza <felipe.carvalho@inpe.br>

e Lorena Santos <lorena.santos@inpe.br>

¢ Pedro Andrade <pedro.andrade@inpe.br>

e Karine Ferreira <karine.ferreira@inpe.br>
¢ Alber Sanchez <alber.ipia@inpe.br>

* Gilberto Queiroz <gilberto.queiroz@inpe.br>

See Also

Useful links:

e https://github.com/e-sensing/sits/
e https://e-sensing.github.io/sitsbook/

* Report bugs at https://github.com/e-sensing/sits/issues


https://github.com/e-sensing/sits/
https://e-sensing.github.io/sitsbook/
https://github.com/e-sensing/sits/issues
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cerrado_2classes Samples of classes Cerrado and Pasture

Description
A dataset containing a tibble with time series samples for the Cerrado and Pasture areas of the Mato
Grosso state. The time series come from MOD13Q1 collection 5 images.

Usage

data(cerrado_2classes)

Format

A tibble with 736 rows and 7 variables: longitude: East-west coordinate of the time series sample
(WGS 84), latitude (North-south coordinate of the time series sample in WGS 84), start_date (initial
date of the time series), end_date (final date of the time series), label (the class label associated to
the sample), cube (the name of the cube associated with the data), time_series (list containing a
tibble with the values of the time series).

plot Plot time series

Description

This is a generic function. Parameters depend on the specific type of input. See each function
description for the required parameters.

e sits tibble: see plot.sits

* patterns: see plot.patterns

* SOM map: see plot.som_map

* SOM evaluate cluster: see plot.som_evaluate_cluster

* classified time series: see plot.predicted

e raster cube: see plot.raster_cube

e vector cube: see plot.vector_cube

e random forest model: see plot.rfor_model

* xgboost model: see plot.xgb_model

e torch ML model: see plot.torch_model

* classification probabilities: see plot.probs_cube

» model uncertainty: see plot.uncertainty_cube

« classified cube: see plot.class_cube

« classified vector cube: see plot.class_vector_cube
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Usage

## S3 method for class 'sits'

plot(x, y, ..., together = FALSE)
Arguments

X Object of class "sits".

y Ignored.

Further specifications for plot.

together A logical value indicating whether the samples should be plotted together.

Value

A series of plot objects produced by ggplot2 showing all time series associated to each combination
of band and label, and including the median, and first and third quartile ranges.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# plot sets of time series
plot(cerrado_2classes)

plot.class_cube Plot classified images

Description

plots a classified raster using ggplot.

Usage

## S3 method for class 'class_cube
plot(

X!

Y,

tile = x$tile[[11],

title = "Classified Image"”,
legend = NULL,

palette = "Spectral”,
tmap_options = NULL



plot.class_cube

Arguments
X Object of class "class_cube".
y Ignored.
Further specifications for plot.
tile Tile to be plotted.
title Title of the plot.
legend Named vector that associates labels to colors.
palette Alternative RColorBrewer palette

tmap_options

Value

A color map, where each pixel has the color associated to a label, as defined by the legend parameter.

fault: c("left", "bottom"))

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {

# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# label cube with the most likely class
label_cube <- sits_label_classification(
probs_cube,
output_dir = tempdir()
)
# plot the resulting classified image
plot(label_cube)

List with optional tmap parameters max_cells (default: 1e+06) graticules_labels_size
(default: 0.7) scale (default =0.8) legend_title_size (default: 0.7) legend_text_size
(default: 0.7) legend_bg_color (default: "white") legend_bg_alpha (default: 0.5)
legend_width (default: 0.5) legend_height (default: 0.7) legend_position (de-
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plot.class_vector_cube
Plot Segments

Description

Plot vector classified cube

Usage

## S3 method for class 'class_vector_cube'
plot(
X’

tile = x$tile[[1]],
legend = NULL,
seg_color = "black”,
line_width = 0.5,
palette = "Spectral”,
tmap_options = NULL

)
Arguments
X Object of class "segments".
Further specifications for plot.
tile Tile to be plotted.
legend Named vector that associates labels to colors.
seg_color Segment color.
line_width Segment line width.
palette Alternative RColorBrewer palette

tmap_options  List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size
(default: 0.7) tmap_legend._title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-
fault: 0.5)

Value

A plot object with an RGB image or a B/W image on a color scale using the pallete

Note

To see which color palettes are supported, please run



plot.geo_distances

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# segment the image
segments <- sits_segment(
cube = cube,
output_dir = tempdir()
)
# create a classification model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# classify the segments
probs_segs <- sits_classify(
data = segments,
ml_model = rfor_model,
output_dir = tempdir()
)
#
# Create a classified vector cube
class_segs <- sits_label_classification(
cube = probs_segs,
output_dir = tempdir(),
multicores = 2,
memsize = 4
)
# plot the segments
plot(class_segs)

11

plot.geo_distances Make a kernel density plot of samples distances.

Description

Make a kernel density plot of samples distances.

Usage

## S3 method for class 'geo_distances'
plot(x, vy, ...)
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Arguments
X Object of class "geo_distances".
y Ignored.
Further specifications for plot.
Value

A plot showing the sample-to-sample distances and sample-to-prediction distances.

Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Felipe Souza, <lipecaso@gmail.com>
Rolf Simoes, <rolf.simoes@inpe.br>

Alber Sanchez, <alber.ipia@inpe.br>

References

Hanna Meyer and Edzer Pebesma, "Machine learning-based global maps of ecological variables
and the challenge of assessing them" Nature Communications, 13,2022. DOI: 10.1038/s41467-

022-29838-9.

Examples

if (sits_run_examples()) {
# read a shapefile for the state of Mato Grosso, Brazil
mt_shp <- system.file("extdata/shapefiles/mato_grosso/mt.shp",

package = "sits"

)
# convert to an sf object
mt_sf <- sf::read_sf(mt_shp)
# calculate sample-to-sample and sample-to-prediction distances
distances <- sits_geo_dist(samples_modis_ndvi, mt_sf)
# plot sample-to-sample and sample-to-prediction distances
plot(distances)



plot.patterns
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plot.patterns Plot patterns that describe classes

Description

Plots the patterns to be used for classification

Given a sits tibble with a set of patterns, plot them.

Usage
## S3 method for class 'patterns'
plot(x, y, ..., bands = NULL, year_grid = FALSE)
Arguments
X Object of class "patterns”.
y Ignored.
Further specifications for plot.
bands Bands to be viewed (optional).
year_grid Plot a grid of panels using labels as columns and years as rows.
FALSE.
Value

A plot object produced by ggplot2 with one average pattern per label.

Note

This code is reused from the dtwSat package by Victor Maus.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Victor Maus, <vwmaus1@gmail.com>

Examples

if (sits_run_examples()) {
# plot patterns
plot(sits_patterns(cerrado_2classes))

Default is



14 plot.predicted

plot.predicted Plot time series predictions

Description

Given a sits tibble with a set of predictions, plot them

Usage

## S3 method for class 'predicted'

plot(x, y, ..., bands = "NDVI”, palette = "Harmonic")
Arguments

X Object of class "predicted".

y Ignored.

. Further specifications for plot.

bands Bands for visualization.

palette HCL palette used for visualization in case classes are not in the default sits

palette.

Value

A plot object produced by ggplot2 showing the time series and its label.

Note

This code is reused from the dtwSat package by Victor Maus.

Author(s)

Victor Maus, <vwmaus1@gmail.com>

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# Retrieve the samples for Mato Grosso
# train an svm model
ml_model <- sits_train(samples_modis_ndvi, ml_method = sits_svm)
# classify the point
point_ndvi <- sits_select(point_mt_6bands, bands = "NDVI")
point_class <- sits_classify(
data = point_ndvi, ml_model = ml_model
)
plot(point_class)
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plot.probs_cube Plot probability cubes

Description

plots a probability cube using stars

Usage

## S3 method for class 'probs_cube'
plot(
X,

tile = x$tile[[1]],
labels = NULL,
palette = "Y1GnBu",

rev = FALSE,
tmap_options = NULL
)
Arguments
X Object of class "probs_cube".
Further specifications for plot.
tile Tile to be plotted.
labels Labels to plot (optional).
palette RColorBrewer palette
rev Reverse order of colors in palette?

tmap_options  List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size
(default: 0.7) tmap_legend_title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-
fault: 0.5)

Value

A plot containing probabilities associated to each class for each pixel.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# plot the resulting probability cube
plot(probs_cube)

plot.probs_vector_cube
Plot probability vector cubes

Description

plots a probability cube using stars

Usage

## S3 method for class 'probs_vector_cube'
plot(
X’

tile = x$tile[[1]],
labels = NULL,
palette = "Y1GnBu",

rev = FALSE,
tmap_options = NULL
)
Arguments
X Object of class "probs_vector_cube".
Further specifications for plot.
tile Tile to be plotted.

labels Labels to plot (optional).
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palette RColorBrewer palette
rev Reverse order of colors in palette?

tmap_options  List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size
(default: 0.7) tmap_legend_title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-
fault: 0.5)

Value

A plot containing probabilities associated to each class for each pixel.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {

# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1”, package = "sits")
cube <- sits_cube(

source = "BDC",

collection = "MOD13Q1-6",

data_dir = data_dir
)
# segment the image
segments <- sits_segment(

cube = cube,

seg_fn = sits_slic(step = 5,

compactness = 1,

dist_fun = "euclidean”,
avg_fun = "median”,
iter = 20,

minarea = 10,
verbose = FALSE),
output_dir = tempdir()
)
# classify a data cube
probs_vector_cube <- sits_classify(
data = segments,
ml_model = rfor_model,
output_dir = tempdir()
)
# plot the resulting probability cube
plot(probs_vector_cube)
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plot.raster_cube Plot RGB data cubes
Description
Plot RGB raster cube
Usage
## S3 method for class 'raster_cube'
plot(
X ’
band = NULL,
red = NULL,
green = NULL,
blue = NULL,
tile = x$tile[[1]],
date = NULL,
palette = "RdY1Gn”,
rev = FALSE,
tmap_options = NULL
)
Arguments
X Object of class "raster_cube".
Further specifications for plot.
band Band for plotting grey images.
red Band for red color.
green Band for green color.
blue Band for blue color.
tile Tile to be plotted.
date Date to be plotted.
palette An RColorBrewer palette
rev Reverse the color order in the palette?

tmap_options

Value

List with optional tmap parameters max_cells (default: 1e+06) scale (default:

0.5) graticules_labels_size (default: 0.7) legend_title_size (default: 1.0) leg-
end_text_size (default: 1.0) legend_bg_color (default: "white") legend_bg_alpha

(default: 0.5)

A plot object with an RGB image or a B/W image on a color scale using the pallete
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Note

To see which colors are supported, please run sits_colors() Use scale parameter for general
output control. If required, then set the other params individually

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# plot NDVI band of the second date date of the data cube
plot(cube, band = "NDVI", date = sits_timeline(cube)[1])

plot.rfor_model Plot Random Forest model

Description

Plots the important variables in a random forest model.

Usage
## S3 method for class 'rfor_model'
plot(x, vy, ...)

Arguments
X Object of class "rf_model".
y Ignored.

Further specifications for plot.

Value

A random forest object.

Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.
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Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# Retrieve the samples for Mato Grosso
# train a random forest model
rf_model <- sits_train(samples_modis_ndvi, ml_method = sits_rfor())
# plot the model
plot(rf_model)

plot.sits_accuracy

plot.sits_accuracy Plot confusion matrix

Description

Plot a bar graph with informations about the confusion matrix

Usage
## S3 method for class 'sits_accuracy'
plot(x, y, ..., title = "Confusion matrix")
Arguments
X Object of class "plot.sits_accuracy".
y Ignored.
Further specifications for plot.
title Title of plot.
Value

A plot object produced by the ggplot2 package containing color bars showing the confusion between

classes.

Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-

tailed examples.

Author(s)

Gilberto Camara <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# show accuracy for a set of samples
train_data <- sits_sample(samples_modis_ndvi, frac = 0.5)

test_data <- sits_sample(samples_modis_ndvi, frac = 0.5)
# compute a random forest model
rfor_model <- sits_train(train_data, sits_rfor())
# classify training points
points_class <- sits_classify(
data = test_data, ml_model = rfor_model
)
# calculate accuracy
acc <- sits_accuracy(points_class)
# plot accuracy
plot(acc)
3
plot.sits_cluster Plot a dendrogram cluster
Description
Plot a dendrogram
Usage
## S3 method for class 'sits_cluster'
plot(x, ..., cluster, cutree_height, palette)
Arguments
X sits tibble with cluster indexes.
Further specifications for plot.
cluster cluster object produced by °‘sits_cluster‘ function.

cutree_height dashed horizontal line to be drawn indicating the height of dendrogram cutting.

palette HCL color palette.

Value

The dendrogram object.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>
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Examples

if (sits_run_examples()) {
samples <- sits_cluster_dendro(cerrado_2classes,
bands = c("NDVI", "EVI"))

plot.som_evaluate_cluster
Plot confusion between clusters

Description

Plot a bar graph with informations about each cluster. The percentage of mixture between the

clusters.
Usage

## S3 method for class 'som_evaluate_cluster'

plot(x, y, ..., name_cluster = NULL, title = "Confusion by cluster")
Arguments

X Object of class "plot.som_evaluate_cluster".

y Ignored.

Further specifications for plot.
name_cluster Choose the cluster to plot.

title Title of plot.

Value
A plot object produced by the ggplot2 package containing color bars showing the confusion between
classes.

Note
Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Lorena Santos <lorena.santos@inpe.br>
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Examples

if (sits_run_examples()) {
# create a SOM map
som_map <- sits_som_map(samples_modis_ndvi)
# evaluate the SOM cluster
som_clusters <- sits_som_evaluate_cluster(som_map)
# plot the SOM cluster evaluation
plot(som_clusters)

plot.som_map Plot a SOM map

Description

plots a SOM map generated by "sits_som_map". The plot function produces different plots based
on the input data. If type is "codes", plots the vector weight for in each neuron. If type is "mapping",
shows where samples are mapped.

Usage
## S3 method for class 'som_map'
plot(x, y, ..., type = "codes”, band = 1)
Arguments
X Object of class "som_map".
y Ignored.
Further specifications for plot.
type Type of plot: "codes" for neuron weight (time series) and "mapping" for the
number of samples allocated in a neuron.
band What band will be plotted.
Value
Called for side effects.
Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# create a SOM map
som_map <- sits_som_map(samples_modis_ndvi)
# plot the SOM map
plot(som_map)

plot.torch_model Plot Torch (deep learning) model

Description

Plots a deep learning model developed using torch.

Usage
## S3 method for class 'torch_model'
plot(x, vy, ...)

Arguments
X Object of class "torch_model".
y Ignored.

Further specifications for plot.

Value

A plot object produced by the ggplot2 package showing the evolution of the loss and accuracy of
the model.

Note

This code has been lifted from the "keras" package.

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Felipe Souza, <lipecaso@gmail.com>
Rolf Simoes, <rolf.simoes@inpe.br>

Alber Sanchez, <alber.ipia@inpe.br>
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Examples

if (sits_run_examples()) {
# Retrieve the samples for Mato Grosso
# train a tempCNN model
ml_model <- sits_train(samples_modis_ndvi, ml_method = sits_tempcnn)
# plot the model
plot(ml_model)

plot.uncertainty_cube Plot uncertainty cubes

Description

plots a probability cube using stars

Usage

## S3 method for class 'uncertainty_cube'
plot(
X’

tile = x$tile[[1]],
palette = "RdY1Gn",

rev = TRUE,
tmap_options = NULL
)
Arguments
X Object of class "probs_image".
Further specifications for plot.
tile Tiles to be plotted.
palette An RColorBrewer palette
rev Reverse the color order in the palette?

tmap_options  List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size
(default: 0.7) tmap_legend_title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-
fault: 0.5)

Value

A plot object produced by the stars package with a map showing the uncertainty associated to each
classified pixel.
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Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {

# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# calculate uncertainty
uncert_cube <- sits_uncertainty(probs_cube, output_dir = tempdir())
# plot the resulting uncertainty cube
plot(uncert_cube)

plot.variance_cube

plot.variance_cube Plot variance cubes

Description

plots a probability cube using stars

Usage

## S3 method for class 'variance_cube'
plot(

X’

tile = x$tile[[11],
labels = NULL,
palette = "Y1GnBu",
rev = FALSE,

type = "map”,
tmap_options = NULL
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Arguments

X Object of class "variance_cube".
Further specifications for plot.

tile Tile to be plotted.

labels Labels to plot (optional).

palette RColorBrewer palette

rev Reverse order of colors in palette?

type Type of plot ("map" or "hist")

tmap_options  List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size
(default: 0.7) tmap_legend._title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-
fault: 0.5)

Value

A plot containing probabilities associated to each class for each pixel.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# obtain a variance cube
var_cube <- sits_variance(probs_cube, output_dir = tempdir())
# plot the variance cube
plot(var_cube)
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plot.vector_cube

plot.vector_cube

Plot RGB vector data cubes

Description

Plot RGB raster cube

Usage
## S3 method for class 'vector_cube'
plot(
X,
band = sits_bands(x)[1],
red = NULL,
green = NULL,
blue = NULL,
tile = x$tile[[1]],
date = NULL,
seg_color = "black”,

line_width = 1,
palette = "RdY1Gn",

rev = FALSE,
tmap_options = NULL
)
Arguments
X Object of class "raster_cube".
. Further specifications for plot.
band Band for plotting grey images.
red Band for red color.
green Band for green color.
blue Band for blue color.
tile Tile to be plotted.
date Date to be plotted.
seg_color Color to show the segment boundaries
line_width Line width to plot the segments boundary (in pixels)
palette An RColorBrewer palette
rev Reverse the color order in the palette?

tmap_options

List with optional tmap parameters tmap_max_cells (default: 1e+06) tmap_graticules_labels_size

(default: 0.7) tmap_legend._title_size (default: 1.5) tmap_legend_text_size (de-
fault: 1.2) tmap_legend_bg_color (default: "white") tmap_legend_bg_alpha (de-

fault: 0.5)
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Value

A plot object with an RGB image or a B/W image on a color scale using the pallete

Note

To see which color palettes are supported, please run

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# Segment the cube
segments <- sits_segment(
cube = cube,
output_dir = tempdir(),
multicores = 2,
memsize = 4
)
# plot NDVI band of the second date date of the data cube
plot(segments, band = "NDVI", date = sits_timeline(cube)[1])

plot.xgb_model Plot XGB model

Description

Plots the important variables in an extreme gradient boosting.

Usage
## S3 method for class 'xgb_model'’
plot(x, ..., n_trees = 3)

Arguments
X Object of class "xgb_model".

Further specifications for plot.

n_trees Number of trees to be plotted
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Value

A plot object.

Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# Retrieve the samples for Mato Grosso
# train an extreme gradient boosting
xgb_model <- sits_train(samples_modis_ndvi,
ml_method = sits_xgboost()
)

point_mt_6bands A time series sample with data from 2000 to 2016

Description

A dataset containing a tibble with one time series samples in the Mato Grosso state of Brazil. The
time series comes from MOD13Q1 collection 6 images.

Usage

data(point_mt_6bands)

Format

A tibble with 1 rows and 7 variables: longitude: East-west coordinate of the time series sample
(WGS 84), latitude (North-south coordinate of the time series sample in WGS 84), start_date (initial
date of the time series), end_date (final date of the time series), label (the class label associated to
the sample), cube (the name of the cube associated with the data), time_series (list containing a
tibble with the values of the time series).
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samples_18_rondonia_2bands
Samples of Amazon tropical forest biome for deforestation analysis

Description

A sits tibble with time series samples from Brazilian Amazonia rain forest.
The labels are: "Deforestation", "Forest", "NatNonForest" and "Pasture".

The time series were extracted from the Landsat-8 BDC data cube (collection = "LC8_30_16D_STK-
1", tiles = "038047"). These time series comprehends a period of 12 months (25 observations) from
"2018-07-12" to "2019-07-28". The extracted bands are NDVI and EVI. Cloudy values were re-
moved and interpolated.

Usage

data("samples_18_rondonia_2bands")

Format

A sits tibble with 160 samples.

samples_modis_ndvi Samples of nine classes for the state of Mato Grosso

Description

A dataset containing a tibble with time series samples for the Mato Grosso state in Brasil. The
time series come from MOD13Q1 collection 6 images. The data set has the following classes:
Cerrado(379 samples), Forest (131 samples), Pasture (344 samples), and Soy_Corn (364 samples).

Usage

data(samples_modis_ndvi)

Format

A tibble with 1308 rows and 7 variables: longitude: East-west coordinate of the time series sample
(WGS 84), latitude (North-south coordinate of the time series sample in WGS 84), start_date (initial
date of the time series), end_date (final date of the time series), label (the class label associated to
the sample), cube (the name of the cube associated with the data), time_series (list containing a
tibble with the values of the time series).
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sits_accuracy Assess classification accuracy (area-weighted method)

Description

This function calculates the accuracy of the classification result. For a set of time series, it creates
a confusion matrix and then calculates the resulting statistics using package caret. The time series
needs to be classified using sits_classify.

Classified images are generated using sits_classify followed by sits_label_classification.
For a classified image, the function uses an area-weighted technique proposed by Olofsson et al.
according to [1-3] to produce more reliable accuracy estimates at 95

In both cases, it provides an accuracy assessment of the classified, including Overall Accuracy,
Kappa, User’s Accuracy, Producer’s Accuracy and error matrix (confusion matrix)

Usage
sits_accuracy(data, ...)

## S3 method for class 'sits'
sits_accuracy(data, ...)

## S3 method for class 'class_cube'
sits_accuracy(data, ..., validation)

## S3 method for class 'raster_cube'
sits_accuracy(data, ...)

## S3 method for class 'derived_cube'
sits_accuracy(data, ...)

## S3 method for class 'tbl_df'
sits_accuracy(data, ...)

## Default S3 method:

sits_accuracy(data, ...)
Arguments
data Either a data cube with classified images or a set of time series
Specific parameters
validation Samples for validation (see below) Only required when data is a class cube.
Value

A list of lists: The error_matrix, the class_areas, the unbiased estimated areas, the standard error
areas, confidence interval 95 and the accuracy (user, producer, and overall), or NULL if the data is
empty. A confusion matrix assessment produced by the caret package.
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Note

non

The validation data needs to contain the following columns: "latitude", "longitude", "start_date",
"end_date", and "label". It can be either a path to a CSV file, a sits tibble or a data frame.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>

Alber Sanchez, <alber.ipia@inpe.br>

References

[1] Olofsson, P., Foody, G.M., Stehman, S.V., Woodcock, C.E. (2013). Making better use of accu-
racy data in land change studies: Estimating accuracy and area and quantifying uncertainty using
stratified estimation. Remote Sensing of Environment, 129, pp.122-131.

[2] Olofsson, P., Foody G.M., Herold M., Stehman, S.V., Woodcock, C.E., Wulder, M.A. (2014)
Good practices for estimating area and assessing accuracy of land change. Remote Sensing of
Environment, 148, pp. 42-57.

[3] FAO, Map Accuracy Assessment and Area Estimation: A Practical Guide. National forest
monitoring assessment working paper No.46/E, 2016.

Examples

if (sits_run_examples()) {
# show accuracy for a set of samples
train_data <- sits_sample(samples_modis_ndvi, frac = 0.5)
test_data <- sits_sample(samples_modis_ndvi, frac
rfor_model <- sits_train(train_data, sits_rfor())
points_class <- sits_classify(
data = test_data, ml_model = rfor_model

1
[
(®2]

~

)

acc <- sits_accuracy(points_class)

# show accuracy for a data cube classification
# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# label the probability cube
label_cube <- sits_label_classification(
probs_cube,
output_dir = tempdir()



34 sits_apply

)

# obtain the ground truth for accuracy assessment

ground_truth <- system.file("extdata/samples/samples_sinop_crop.csv”,
package = "sits”

)

# make accuracy assessment

as <- sits_accuracy(label_cube, validation = ground_truth)

sits_apply Apply a function on a set of time series

Description

Apply a named expression to a sits cube or a sits tibble to be evaluated and generate new bands
(indices). In the case of sits cubes, it materializes a new band in output_dir using gdalcubes.

Usage
sits_apply(data, ...)

## S3 method for class 'sits'
sits_apply(data, ...)

## S3 method for class 'raster_cube'
sits_apply(

data,

window_size = 3L,

memsize = 4L,

multicores = 2L,

output_dir,

progress = FALSE

## S3 method for class 'derived_cube'
sits_apply(data, ...)

## S3 method for class 'tbl_df'
sits_apply(data, ...)

## Default S3 method:

sits_apply(data, ...)
Arguments
data Valid sits tibble or cube

Named expressions to be evaluated (see details).
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window_size An odd number representing the size of the sliding window of sits kernel func-
tions used in expressions (for a list of supported kernel functions, please see
details).

memsize Memory available for classification (in GB).

multicores Number of cores to be used for classification.

output_dir Directory where files will be saved.

progress Show progress bar?

Details

sits_apply() allow any valid R expression to compute new bands. Use R syntax to pass an
expression to this function. Besides arithmetic operators, you can use virtually any R function that
can be applied to elements of a matrix (functions that are unaware of matrix sizes, e.g. sqrt(),
sin(), log()).

Also, sits_apply() accepts a predefined set of kernel functions (see below) that can be applied to
pixels considering its neighborhood. sits_apply() considers a neighborhood of a pixel as a set of
pixels equidistant to it (including itself) according the Chebyshev distance. This neighborhood form
a square window (also known as kernel) around the central pixel (Moore neighborhood). Users can
set the window_size parameter to adjust the size of the kernel window. The image is conceptually
mirrored at the edges so that neighborhood including a pixel outside the image is equivalent to take
the *mirrored’ pixel inside the edge.

sits_apply() applies a function to the kernel and its result is assigned to a corresponding central
pixel on a new matrix. The kernel slides throughout the input image and this process generates an
entire new matrix, which is returned as a new band to the cube. The kernel functions ignores any
NA values inside the kernel window. Central pixel is NA just only all pixels in the window are NA.

Value

A sits tibble or a sits cube with new bands, produced according to the requested expression.

Summarizing kernel functions

* w_median(): returns the median of the neighborhood’s values.

* w_sum(): returns the sum of the neighborhood’s values.

* w_mean(): returns the mean of the neighborhood’s values.

e w_sd(): returns the standard deviation of the neighborhood’s values.
e w_min(): returns the minimum of the neighborhood’s values.

e w_max(): returns the maximum of the neighborhood’s values.

* w_var(): returns the variance of the neighborhood’s values.

* w_modal(): returns the modal of the neighborhood’s values.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>
Felipe Carvalho, <felipe.carvalho@inpe.br>

Gilberto Camara, <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# Get a time series
# Apply a normalization function

point2 <-
sits_select(point_mt_6bands, "NDVI") |>
sits_apply(NDVI_norm = (NDVI - min(NDVI)) / (max(NDVI) - min(NDVI)))

# Example of generation texture band with variance
# Create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)

# Generate a texture images with variance in NDVI images
cube_texture <- sits_apply(

data = cube,

NDVITEXTURE = w_median(NDVI),

window_size = 5,

output_dir = tempdir()

sits_as_sf

sits_as_sf Return a sits_tibble or raster_cube as an sf object.

Description

Return a sits_tibble or raster_cube as an sf object.
Usage
sits_as_sf(data, ..., as_crs = NULL)

## S3 method for class 'sits'
sits_as_sf(data, ..., crs = "EPSG:4326", as_crs = NULL)

## S3 method for class 'raster_cube'

sits_as_sf(data, ..., as_crs = NULL)
Arguments
data A sits tibble or sits cube.

Additional parameters.
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as_crs Output coordinate reference system.
crs Input coordinate reference system.
Value

An sf object of point or polygon geometry.

Author(s)

Felipe Carvalho, <felipe.carvalho@inpe.br>

Alber Sanchez, <alber.ipia@inpe.br>

Examples

if (sits_run_examples()) {
# convert sits tibble to an sf object (point)
sf_object <- sits_as_sf(cerrado_2classes)

# convert sits cube to an sf object (polygon)
data_dir <- system.file("extdata/raster/mod13g1"”, package = "sits")
cube <- sits_cube(

source = "BDC",

collection = "MOD13Q1-6",

data_dir = data_dir

)
sf_object <- sits_as_sf(cube)
3
sits_bands Get the names of the bands
Description

Finds the names of the bands of a set of time series or of a data cube

Usage

sits_bands(x)

## S3 method for class 'sits'
sits_bands(x)

## S3 method for class 'raster_cube'
sits_bands(x)

## S3 method for class 'patterns'
sits_bands(x)
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## S3 method for class 'sits_model'
sits_bands(x)

## S3 method for class 'tbl_df'
sits_bands(x)

## Default S3 method:
sits_bands(x)

sits_bands(x) <- value

## S3 replacement method for class 'sits'
sits_bands(x) <- value

## S3 replacement method for class 'raster_cube'
sits_bands(x) <- value

## Default S3 replacement method:
sits_bands(x) <- value

Arguments
X Valid sits tibble (time series or a cube)
value New value for the bands

Value

A vector with the names of the bands.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Rolf Simoes, <rolf.simoes@inpe.br>

Examples

if (sits_run_examples()) {
# Create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# Get the bands from a daya cube
bands <- sits_bands(cube)
# Get the bands from a sits tibble
bands <- sits_bands(samples_modis_ndvi)
# Get the bands from patterns
bands <- sits_bands(sits_patterns(samples_modis_ndvi))

sits_bands
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# Get the bands from ML model

rf_model <- sits_train(samples_modis_ndvi, sits_rfor())
bands <- sits_bands(rf_model)

# Set the bands for a SITS time series
sits_bands(samples_modis_ndvi) <- "NDVI2"

# Set the bands for a SITS cube

sits_bands(cube) <- "NDVI2"

sits_bbox Get the bounding box of the data

Description

Obtain a vector of limits (either on lat/long for time series or in projection coordinates in the case
of cubes)

Usage
sits_bbox(data, crs = "EPSG:4326", as_crs = NULL)

## S3 method for class 'sits'

sits_bbox(data, crs = "EPSG:4326", as_crs = NULL)
## S3 method for class 'raster_cube'
sits_bbox(data, crs = "EPSG:4326", as_crs = NULL)
## S3 method for class 'tbl_df'

sits_bbox(data, crs = "EPSG:4326", as_crs = NULL)

## Default S3 method:
sits_bbox(data, crs = "EPSG:4326", as_crs = NULL)
Arguments

data samples (class "sits") or cube.
crs CRS of the samples points (single char)
as_crs CRS to project the resulting bbox.

Value

A bbox.

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Rolf Simoes, <rolf.simoes@inpe.br>
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Examples

if (sits_run_examples()) {

# get the bbox of a set of samples
sits_bbox(samples_modis_ndvi)
# get the bbox of a cube in WGS84
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir

)
sits_bbox(cube, as_crs = "EPSG:4326")
3
sits_classify Classify time series or data cubes
Description

This function classifies a set of time series or data cube given a trained model prediction model
created by sits_train.

SITS supports the following models: (a) support vector machines: sits_svm; (b) random forests:
sits_rfor; (c) extreme gradient boosting: sits_xgboost; (d) multi-layer perceptrons: sits_mlp;
(e) 1D CNN: sits_tempcnn; (f) deep residual networks: sits_resnet; (g) self-attention encoders:
sits_lighttae

Usage

sits_classify(

)

data,
ml_model,

filter_fn = NULL,
multicores = 2L,
progress = TRUE

## S3 method for class 'sits'
sits_classify(

data,
ml_model,

filter_fn = NULL,
multicores = 2L,
gpu_memory = 16,
progress = TRUE
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## S3 method for class 'raster_cube'
sits_classify(

data,
ml_model,
roi = NULL,

filter_fn = NULL,
start_date = NULL,
end_date = NULL,
memsize = 8L,
multicores = 2L,
gpu_memory = 16,
output_dir,
version = "v1",
verbose = FALSE,
progress = TRUE

)

## S3 method for class 'derived_cube'
sits_classify(data, ml_model, ...)

## S3 method for class 'tbl_df'
sits_classify(data, ml_model, ...)

## S3 method for class 'segs_cube'
sits_classify(

data,

ml_model,

filter_fn = NULL,
start_date = NULL,
end_date = NULL,
memsize = 8L,
multicores = 2L,
gpu_memory = 16,
output_dir,
version = "v1",
n_sam_pol = 40,
verbose = FALSE,
progress = TRUE

)

## Default S3 method:
sits_classify(data, ml_model, ...)

Arguments

data Data cube (tibble of class "raster_cube")
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ml_model R model trained by sits_train (closure of class "sits_model")

e Other parameters for specific functions.

filter_fn Smoothing filter to be applied - optional (clousure containing object of class
"function").

multicores Number of cores to be used for classification (integer, min = 1, max = 2048).

progress Logical: Show progress bar?

gpu_memory Memory available in GPU in GB (default = 16)

roi Region of interest (either an sf object, shapefile, or a numeric vector with named
XY values ("xmin", "xmax", "ymin", "ymax") or named lat/long values ("lon_min",
"lat_min", "lon_max", "lat_max").

start_date Start date for the classification (Date in YYYY-MM-DD format).

end_date End date for the classification (Date im YYY Y-MM-DD format).

memsize Memory available for classification in GB (integer, min = 1, max = 16384).

output_dir Valid directory for output file. (character vector of length 1).

version Version of the output (character vector of length 1).

verbose Logical: print information about processing time?

n_sam_pol Number of time series per segment to be classified (integer, min = 10, max =
50).

Value

Time series with predicted labels for each point (tibble of class "sits") or a data cube with probabil-
ities for each class (tibble of class "probs_cube").

Note

The roi parameter defines a region of interest. It can be an sf_object, a shapefile, or a bounding
box vector with named XY values (xmin, xmax, ymin, ymax) or named lat/long values (lon_min,
lon_max, lat_min, lat_max)

Parameter filter_fn parameter specifies a smoothing filter to be applied to each time series for
reducing noise. Currently, options are Savitzky-Golay (see sits_sgolay) and Whittaker (see
sits_whittaker) filters.

Parameter memsize controls the amount of memory available for classification, while multicores
defines the number of cores used for processing. We recommend using as much memory as possible.

When using a GPU for deep learning, gpu_memory indicates the memory of available in the graphics
card.

For classifying vector data cubes created by sits_segment, n_sam_pol controls is the number of
time series to be classified per segment.

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>

Gilberto Camara, <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# Example of classification of a time series
# Retrieve the samples for Mato Grosso
# train a random forest model
rf_model <- sits_train(samples_modis_ndvi, ml_method = sits_rfor)

# classify the point
point_ndvi <- sits_select(point_mt_6bands, bands = c(”NDVI"))
point_class <- sits_classify(
data = point_ndvi, ml_model = rf_model
)
plot(point_class)

# Example of classification of a data cube
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13g1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# classify a data cube
probs_cube <- sits_classify(
data = cube,
ml_model = rf_model,
output_dir = tempdir(),
version = "ex_classify”
)
# label the probability cube
label_cube <- sits_label_classification(

probs_cube,
output_dir = tempdir(),
version = "ex_classify”

)
# plot the classified image
plot(label_cube)
# segmentation
# segment the image
segments <- sits_segment(
cube = cube,
seg_fn = sits_slic(step = 5,
compactness = 1,

dist_fun = "euclidean”,
avg_fun = "median”,
iter = 50,

minarea = 10,
verbose = FALSE
)7
output_dir = tempdir()
)

# Create a classified vector cube
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probs_segs <- sits_classify(
data = segments,
ml_model = rf_model,
output_dir = tempdir(),
n_sam_pol = 20,
multicores = 4,
version = "segs_classify”
)
# Create a labelled vector cube
class_segs <- sits_label_classification(
cube = probs_segs,
output_dir = tempdir(),
multicores = 2,
memsize = 4,
version = "segs_classify”
)
# plot class_segs
plot(class_segs)

sits_cluster_clean Removes labels that are minority in each cluster.

Description

Takes a tibble with time series that has an additional ‘cluster‘ produced by link[sits]{sits_cluster_dendro()}
and removes labels that are minority in each cluster.

Usage

sits_cluster_clean(samples)

Arguments
samples Tibble with set of time series with additional cluster information produced by
link[sits]{sits_cluster_dendro()}
Value

Tibble with time series (class "sits")

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>
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Examples

if (sits_run_examples()) {
clusters <- sits_cluster_dendro(cerrado_2classes)
freql <- sits_cluster_frequency(clusters)
freql
clean_clusters <- sits_cluster_clean(clusters)
freq2 <- sits_cluster_frequency(clean_clusters)
freq2

sits_cluster_dendro Find clusters in time series samples

Description

These functions support hierarchical agglomerative clustering in sits. They provide support from
creating a dendrogram and using it for cleaning samples.

link[sits]{sits_cluster_dendro()} takes a tibble with time series and produces a sits tibble
with an added "cluster" column. The function first calculates a dendrogram and obtains a validity
index for best clustering using the adjusted Rand Index. After cutting the dendrogram using the
chosen validity index, it assigns a cluster to each sample.

link[sits]{sits_cluster_frequency()} computes the contingency table between labels and
clusters and produces a matrix. Its input is a tibble produced by link[sits]{sits_cluster_dendro()3}.

link[sits]{sits_cluster_clean()} takes a tibble with time series that has an additional ‘clus-
ter* produced by link[sits]{sits_cluster_dendro()} and removes labels that are minority in
each cluster.

Usage

sits_cluster_dendro(
samples,
bands = NULL,
dist_method = "dtw_basic”,
linkage = "ward.D2",
k = NULL,
palette = "RdY1Gn"

## S3 method for class 'sits'
sits_cluster_dendro(

samples,

bands = NULL,

dist_method = "dtw_basic”,

linkage = "ward.D2",

k = NULL,

palette = "RdY1Gn",
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)

## S3 method for class 'tbl_df'
sits_cluster_dendro(samples, ...)

## Default S3 method:

sits_cluster_dendro(samples, ...)

Arguments
samples Tibble with input set of time series (class "sits").
bands Bands to be used in the clustering (character vector)

dist_method One of the supported distances (single char vector) "dtw": DTW with a Sakoe-
Chiba constraint. "dtw2": DTW with L2 norm and Sakoe-Chiba constraint.
"dtw_basic": A faster DTW with less functionality. "Ibk": Keogh’s lower bound
for DTW. "Ibi": Lemire’s lower bound for DTW.

linkage Agglomeration method to be used (single char vector) One of "ward.D", "ward.D2",
"single", "complete”, "average", "mcquitty", "median" or "centroid".

k Desired number of clusters (overrides default value)

palette Color palette as per ‘grDevices::hcl.pals()‘ function.

Additional parameters to be passed to dtwclust::tsclust() function.

Value

Tibble with "cluster" column (class "sits_cluster").

Note

Please refer to the sits documentation available in <https://e-sensing.github.io/sitsbook/> for de-
tailed examples.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>

References

"dtwclust" package (https://CRAN.R-project.org/package=dtwclust)

Examples

if (sits_run_examples()) {
# default
clusters <- sits_cluster_dendro(cerrado_2classes)
# with parameters
clusters <- sits_cluster_dendro(cerrado_2classes,
bands = "NDVI", k = 5)
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sits_cluster_frequency
Show label frequency in each cluster produced by dendrogram analy-
Sis

Description

Show label frequency in each cluster produced by dendrogram analysis

Usage

sits_cluster_frequency(samples)

Arguments
samples Tibble with input set of time series with additional cluster information produced
by link[sitsI{sits_cluster_dendro}.
Value

A matrix containing frequencies of labels in clusters.

Author(s)

Rolf Simoes, <rolf.simoes@inpe.br>

Examples

if (sits_run_examples()) {
clusters <- sits_cluster_dendro(cerrado_2classes)
freq <- sits_cluster_frequency(clusters)
freq
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sits_colors Function to retrieve sits color table

Description

Returns a color table
Usage

sits_colors(legend = NULL)
Arguments

legend One of the accepted legends in sits
Value

A tibble with color names and values
Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>
Examples

if (sits_run_examples()) {

# return the names of all colors supported by SITS
sits_colors()
}
sits_colors_ggis Function to save color table as QML style for data cube

Description

Saves a color table associated to a classified data cube as a QGIS style file
Usage

sits_colors_qggis(cube, file)
Arguments

cube a classified data cube

file a QGIS style file to be written to
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Value

No return, called for side effects

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# reset the default colors supported by SITS
sits_colors_reset()

sits_colors_reset Function to reset sits color table

Description

Resets the color table

Usage

sits_colors_reset()

Value

No return, called for side effects

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# reset the default colors supported by SITS
sits_colors_reset()
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sits_colors_set Function to set sits color table

Description

Sets a color table

Usage

sits_colors_set(color_thb)

Arguments

color_tb New color table

Value

A modified sits color table

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {

# Define a color table based on the Anderson Land Classification System

us_nlcd <- tibble::tibble(name = character(), color = character())

us_nlcd <- us_nlcd |>
tibble::add_row(name = "Urban Built Up", color = "#85929E") |>
tibble::add_row(name = "Agricultural Land”, color = "#F@B27A") |>
tibble::add_row(name = "Rangeland”, color = "#F1C40F") |>
tibble::add_row(name = "Forest Land”, color = "#27AE6Q0") |>
tibble::add_row(name = "Water"”, color = "#2980B9") |>
tibble::add_row(name = "Wetland”, color = "#D4E6F1") |>
tibble::add_row(name = "Barren Land”, color = "#FDEBDQ") |>
tibble::add_row(name = "Tundra”, color = "#EBDEFQ") |>
tibble::add_row(name = "Snow and Ice"”, color = "#F7F9F9")

# Load the color table into ‘sits®
sits_colors_set(us_nlcd)

# Show the new color table used by sits
sits_colors_show()
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sits_colors_show Function to show colors in SITS

Description

Shows the default SITS colors

Usage

sits_colors_show(legend = NULL, font_family = "plex_sans")

Arguments

legend One of the accepted legends in sits

font_family A font family loaded in SITS

Value

no return, called for side effects

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Examples

if (sits_run_examples()) {
# show the colors supported by SITS
sits_colors_show()

sits_combine_predictions
Estimate ensemble prediction based on list of probs cubes

Description

Calculate an ensemble predictor based a list of probability cubes. The function combines the output
of two or more classifier to derive a value which is based on weights assigned to each model. The
supported types of ensemble predictors are "average’ and “uncertainty’.
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Usage
sits_combine_predictions(
cubes,
type = "average”,

-
memsize = 8L,
multicores = 2L,
output_dir,
version = "v1"

)

## S3 method for class 'average'
sits_combine_predictions(

cubes,

type = "average”,

weights = NULL,
memsize = 8L,
multicores = 2L,
output_dir,
version = "v1"

## S3 method for class 'uncertainty'
sits_combine_predictions(

cubes,

type = "uncertainty”,

uncert_cubes,

memsize = 8L,

multicores = 2L,

output_dir,

version = "v1"

## Default S3 method:
sits_combine_predictions(cubes, type,
Arguments

cubes

type

)

List of probability data cubes (class "probs_cube")

Parameters for specific functions.

memsize
multicores
output_dir

version

Version of the output (character vector of length 1).

sits_combine_predictions

Method to measure uncertainty. One of "average" or "uncertainty"

Memory available for classification in GB (integer, min = 1, max = 16384).
Number of cores to be used for classification (integer, min = 1, max = 2048).
Valid directory for output file. (character vector of length 1).
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weights Weights for averaging (numeric vector).

uncert_cubes Uncertainty cubes to be used as local weights when type = "uncertainty" is se-
lected (list of tibbles with class "uncertainty_cube")

Value

A combined probability cube (tibble of class "probs_cube").

Author(s)

Gilberto Camara, <gilberto.camara@inpe.br>

Rolf Simoes, <rolf.simoes@inpe.br>

Examples

if (sits_run_examples()) {
# create a data cube from local files
data_dir <- system.file("extdata/raster/mod13q1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# create a random forest model
rfor_model <- sits_train(samples_modis_ndvi, sits_rfor())
# classify a data cube using rfor model
probs_rfor_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir(),
version = "rfor”
)
# create an XGBoost model
svm_model <- sits_train(samples_modis_ndvi, sits_svm())
# classify a data cube using SVM model
probs_svm_cube <- sits_classify(
data = cube, ml_model = svm_model, output_dir = tempdir(),
version = "svm"
)
# create a list of predictions to be combined
pred_cubes <- list(probs_rfor_cube, probs_svm_cube)
# combine predictions
comb_probs_cube <- sits_combine_predictions(
pred_cubes,
output_dir = tempdir()
)
# plot the resulting combined prediction cube
plot(comb_probs_cube)
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sits_confidence_sampling
Suggest high confidence samples to increase the training set.

Description

Suggest points for increasing the training set. These points are labelled with high confidence so they
can be added to the training set. They need to have a satisfactory margin of confidence to be selected.
The input is a probability cube. For each label, the algorithm finds out location where the machine
learning model has high confidence in choosing this label compared to all others. The algorithm
also considers a minimum distance between new labels, to minimize spatial autocorrelation effects.
This function is best used in the following context: 1. Select an initial set of samples. 2. Train a
machine learning model. 3. Build a data cube and classify it using the model. 4. Run a Bayesian
smoothing in the resulting probability cube. 5. Perform confidence sampling.

The Bayesian smoothing procedure will reduce the classification outliers and thus increase the like-
lihood that the resulting pixels with provide good quality samples for each class.

Usage

sits_confidence_sampling(
probs_cube,
n = 20L,
min_margin = 0.9,
sampling_window = 10L

)
Arguments
probs_cube A smoothed probability cube. See sits_classify and sits_smooth.
n Number of suggested points per class.
min_margin Minimum margin of confidence to select a sample

sampling_window
Window size for collecting points (in pixels). The minimum window size is 10.

Value

A tibble with longitude and latitude in WGS84 with locations which have high uncertainty and meet
the minimum distance criteria.

Author(s)

Alber Sanchez, <alber.ipia@inpe.br>
Rolf Simoes, <rolf.simoes@inpe.br>
Felipe Carvalho, <felipe.carvalho@inpe.br>

Gilberto Camara, <gilberto.camara@inpe.br>
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Examples

if (sits_run_examples()) {
# create a data cube
data_dir <- system.file("extdata/raster/mod13g1"”, package = "sits")
cube <- sits_cube(
source = "BDC",
collection = "MOD13Q1-6",
data_dir = data_dir
)
# build a random forest model
rfor_model <- sits_train(samples_modis_ndvi, ml_method = sits_rfor())
# classify the cube
probs_cube <- sits_classify(
data = cube, ml_model = rfor_model, output_dir = tempdir()
)
# obtain a new set of samples for active learning
# the samples are located in uncertain places
new_samples <- sits_confidence_sampling(probs_cube)

sits_config Configure parameters for sits package

Description

These functions load and show sits configurations.

The ‘sits* package uses a configuration file that contains information on parameters required by
different functions. This includes information about the image collections handled by ‘sits*.

sits_config() loads the default configuration file and the user provided configuration file. The
final configuration is obtained by overriding the options by the values provided by the user.

Usage

sits_config(config_user_file = NULL)

Arguments

config_user_file
YAML user configuration file (character vector of a file with "yml" extension)

Details

Users can provide additional configuration files, by specifying the locatio