
 

 

 

9ƖĲċƣŔŰŊШċШƓƖĲũŔůŔŰċƖǃШљŊĲŸũŸŊŔĦċũрƚƣƖƨĦƣƨƖċũњШ
ĲǂƓũŸƖċƣŔŸŰШĤċƚĲůċƓ 

 

 

 

 

 

éŔƚŔƣШőƣƣƓƚаооŊĬċƣċƚǃƚƣĲůƚЮĦŸůШШ 
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Νр ]ĲŸũŸŊŔĦċũШÉŔŰŊũĲШ7ċŰĬШ9ũċƚƚŔǯĦċƣŔŸŰШŉƖŸůШ~ƨũƣŔƚƓĲĦƣƖċũШfůċŊĲƚ 

]ĲŸũŸŊŔĦċũШůċƓƚШĦċŰШĤĲШŊĲŰĲƖċƣĲĬШċƨƣŸůċƣŔĦċũũǃШƨƚŔŰŊШċШƚĲƣШŸŉШůƨũƣŔƚƓĲĦƣƖċũШƚċƣĲũũŔƣĲШŔůċŊĲƚШ
ƚƨĦőШċƚШxċŰĬƚċƣЯШċƚƣĲƖШċŰĬШÉĲŰƣŔŰĲũΞШƓƖŸĬƨĦƣƚЮШfŰШőĲƖĲШƽĲШċƖĲШŊŸŔŰŊШƣŸШĦŸƻĲƖШŸŰШőŸƽШƣŸШĦƖĲċƣĲШċШ
ůċƓШƨƚŔŰŊШƣƽŸШĬŔƚƣŔŰĦƣШċƓƓƖŸċĦőĲƚЯШŸŰĲШÖŰƚƨƓĲƖƻŔƚĲĬШƨƚŔŰŊШuр~ĲċŰƚШĦũƨƚƣĲƖŔŰŊШċŰĬШŸŰĲШ
ÉƨƓĲƖƻŔƚĲĬШƨƚŔŰŊШÉƓĲĦƣƖċũШŰŊũĲШ~ċƓƓĲƖШыÉ ~ьЮШìĲШƽŔũũШĦŸƻĲƖШċШΝШĤǃШΝШĬĲŊƖĲĲШċƖĲċЯШĤƨƣШƣőĲШƚċůĲШ
ƓƖŸĦĲƚƚШĦċŰШĤĲШċƓƓũŔĲĬШŸƻĲƖШƚůċũũĲƖШċƖĲċƚЮ 

ÑőĲƚĲШƣĲĦőŰŔĦƚШőċƻĲШċƚШŸĤŢĲĦƣŔƻĲШƣŸШĬŔƚƣŔŰŊƨŔƚőШĬŔǭĲƖĲŰƣШƖŸĦťШƚƓĲĦƣƖċũШƚŔŊŰċƣƨƖĲƚШĦŸŰƚĲƕƨĲŰƣũǃШ
ƖŸĦťШƣǃƓĲƚШċŰĬШŊĲŰĲƖċƣĲШċŰШŔůċŊĲШċƚШĦũŸƚĲШċƚШƓŸƚƚŔĤũĲШƣŸШċШŊĲŸũŸŊŔĦċũШůċƓЮ 

ÑőĲШƣŸŸũƚШƨƚĲĬШŸŰШƣőĲƚĲШƓƖŸĦĲƚƚĲƚШċƖĲШÅШũċŰŊƨċŊĲШƽŔƣőШƚŸůĲШŊĲŸƚƓċƣŔċũШũŔĤƖċƖŔĲƚШыƣĲƖƖċЯШĦũƨƚƣĲƖШ
ċŰĬШÅÉƣŸŸũĤŸǂьШċŰĬШÉĲŰƣŔŰĲũΞШƚċƣĲũũŔƣĲШŔůċŊĲЮШШ 

ÉÑEÂШΝШтШ9őĲĦťŔŰŊШƣőĲШfůċŊĲШŸŰШƣőĲШƻŔƚŔĤũĲШĤċŰĬƽŔĬƣőШ 

ÑőĲШÉĲŰƣŔŰĲũΞШĤċŰĬƚШΞЯШΟШċŰĬШΠШċƖĲШĦŸůĤŔŰĲĬШŸŰШċШƣƖƨĲШĦŸũŸƖШĦŸůƓŸƚŔƣŔŸŰШыÑ99ьШŸƖШƻŔƚŔĤũĲШ
ĤċŰĬƽŔĬƣőЮШcĲƖĲШƽĲШƽŔũũШĤĲШƨƚŔŰŊШƣőĲШĤċŰĬƚШƽŔƣőШΞΜůШƖĲƚŸũƨƣŔŸŰШőċƻŔŰŊШċũũШƽŸƖťŔŰŊШĤċŰĬƚШыΞЯШΟЯШ
ΠЯШΡЯШΣЯШΤЯШΥ ЯШΝΝШċŰĬШΝΞьШƨƚŔŰŊШƣőĲШƚċůĲШƚƓċƣŔċũШƖĲƚŸũƨƣŔŸŰЮШÑőĲШŉƨũũШƚĦĲŰĲШŔƚШƨƚĲĬШőĲƖĲШċŰĬЯШĬƨĲШ
ƣŸШŔƣƚШƚŔǍĲЯШƚŸůĲШƓƖŸĦĲƚƚĲƚШůċǃШƣċťĲШċШŉĲƽШůŔŰƨƣĲƚШƣŸШĤĲШĦŸůƓũĲƣĲĬШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƓŸƽĲƖШŸŉШ
ǃŸƨƖШƚǃƚƣĲůЮ 

library(terra)  

#Working directory where the images and data are located 

wd<-'C:/Users/User/Desktop/R algo'  

setwd(wd) 

# Plotting visible scene (bands 4, 3 and 2) 

filenames <- paste0('B0', 4:2, "_20m.jp2") 

vis<-rast(filenames) 

plotRGB(vis,stretch='lin',axes=TRUE)#see map below 

 

 

fŰШƣőŔƚШŔůċŊĲШƽĲШĦċŰШĬŔƚƣŔŰŊƨŔƚőШůŸƚƣШŸŉШƣőĲШĬŔǭĲƖĲŰƣШƚƓĲĦƣƖċũШƖĲƚƓŸŰƚĲƚШƣőċƣШċƖĲШŔŰШůŸƚƣШĦċƚĲƚШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШĬŔǭĲƖĲŰƣШũŔƣőŸũŸŊŔĲƚЮ 



 

ÉÑEÂШΞШтШ~ċƚťŔŰŊШċƖĲċƚШƽŔƣőШŰŸШĬĲƚŔƖĲĬШƚƓĲĦƣƖċũШƖĲƚƓŸŰƚĲШ 

cĲċũƣőǃШċŰĬШĬĲŰƚĲШƻĲŊĲƣċƣŔŸŰШċƖĲċƚШċŰĬШƽċƣĲƖШĤŸĬŔĲƚШƽŔũũШŸĤũŔƣĲƖċƣĲШƣőĲШŊƖŸƨŰĬШƚƓĲĦƣƖċũШ
ƖĲƚƓŸŰƚĲШċŰĬШƽŔũũШŊĲŰĲƖċƣĲШċШŰŸƣШĬĲƚŔƖĲĬШƚŔŊŰċƣƨƖĲЮШÑőĲƚĲШċƖĲċƚШĦċŰШĤĲШƖĲůŸƻĲĬШыůċƚťĲĬьШŉƖŸůШ
ŸƨƖШƚĦĲŰĲШƨƚŔŰŊШƣőĲШŉŸũũŸƽŔŰŊШŔŰĬĲǂĲƚа 

É éf 

~ ?ìf 

 ?Ñf 

#index to separate water, vegetation and exposed soil/rock 

nir<-rast('B8A_20m.jp2') 

red<-rast('B04_20m.jp2') 

savi<-(nir-red)/(nir+red+0.5)*1.5 

plot(saviШ,range=c(0,1)) 

 
 

  



 

green<-rast('B03_20m.jp2') 

swir<-rast('B11_20m.jp2') 

mndwi<-(green-swir)/(green+swir) 

plot(mndwi,range=c(0,max(mndwi[,1])))Ш

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

swir1<-rast('B11_20m.jp2') 

swir2<-rast('B12_20m.jp2') 

ndti<-(swir1-swir2)/(swir1+swir2) 

plot(ndti,range=c(min(ndti[,1]),max(ndti[,1]))) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

rgbi<-rast(list(ndti, mndwi ,savi)) 

plotRGB(rgbi,stretch='lin') 

 

 
  



 

EǂĲĦƨƣŔŰŊШċШuрůĲċŰƚШĦũċƚƚŔǯĦċƣŔŸŰШŸŰШƣőĲШ[99ШċĤŸƻĲШƣŸШƚĲũĲĦƣШƣőĲШĦũċƚƚĲƚШƣŸШĤĲШĲǂĦũƨĬĲĬЮ 

library(cluster) 

#creating dataframe from raster 

img<-c(rgbi[[1]],rgbi[[2]],rgbi[[3]])  

#creating vector from dataframe above 

ar <- values(img)  

#²ndex of valid values which are not NA 

values <- which(!is.na(ar))  

#removing NA from vector 

ar <- na.omit(ar)  

# Performing the classificatation (it takes a while depending on the scene size) 

Result <- clara(ar,7,samples=500,metric="manhattan",pamLike=T) 

# Creating an empty resulting raster 

kmraster <- rast (rgbi[[1]]) 

#loading the resulting class values back creating the resulting raster 

values(kmraster) <- Result$clustering  

plot(kmraster, legend=T,axes=F, col = rainbow(7)) 

 

 

fƣШŔƚШŔůƓŸƖƣċŰƣШŰŸƽШƣŸШŔĬĲŰƣŔŉǃШƽőŔĦőШĦũċƚƚШċĤŸƻĲШƽĲШċƖĲШŊŸŔŰŊШƣŸШĤĲШĲǂĦũƨĬĲĬШŔŰШƣőĲШƓƖŸĦĲƚƚЮШcĲƖĲШ
ƽĲШƽŔũũШĤĲШŉŸĦƨƚĲĬШŸŰШĲǂĦũƨĬŔŰŊШƓċƖƣŔċũũǃШőĲċũƣőǃШƻĲŊĲƣċƣŔŸŰЯШőĲċũƣőǃШƻĲŊĲƣċƣŔŸŰШċŰĬШƽċƣĲƖШ
ĤŸĬŔĲƚЮШ7ĲũŸƽШƽĲШƚőŸƽШƣőċƣШƣőĲǃШċƖĲШċƚƚŸĦŔċƣĲĬШƽŔƣőШĦũċƚƚШΠШыĦǃċŰьЯШΡШыũŔŊőƣШĤũƨĲьШċŰĬШĦũċƚƚШΤШ
ыůċŊĲŰƣċьШƖĲƚƓĲĦƣŔƻĲũǃЮ 



 

 

 

 
 



 

 

 

 
 

 ŸƣĲаШ7ĲШċƽċƖĲШƣőċƣШĦũċƚƚШΠШыĤũƨĲьШƖĲƓƖĲƚĲŰƣƚШĬŔƚƣŔŰĦƣШŉĲċƣƨƖĲƚШċƚШĲǂƓŸƚĲĬШƚŸŔũоƖŸĦťЯШƨƖĤċŰШċƖĲċƚШ
ċŰĬШǍŸŰĲƚШċǭĲĦƣĲĬШĤǃШƽŔũĬǯƖĲƚШċŰĬШƽŔũũШĤĲШťĲƓƣШŔŰШŸƨƖШċŰċũǃƚŔƚЮ 



 

7ĲũŸƽШƽĲШőċƻĲШŸƨƖШǯŰċũШůċƚťШƣőċƣШƽŔũũШĤĲШċƓƓũŔĲĬШŔŰШƣőĲШĦŸůƓŸƚŔƣĲШƚĦĲŰĲƚШƽĲШċƖĲШŊŸŔŰŊШƣŸШ
ŊĲŰĲƖċƣĲЮ 

 

mask1<-kmraster 

mask1[mask1 == 4 | mask1 == 5 | mask1 == 7] <- NA 

plot(mask1) 

 
 

  



 

ÉÑEÂШΟШтШ9ƖĲċƣŔŰŊШÑƽŸШ9ŸůƓŸƚŔƣĲШÉĦĲŰĲƚШÖƚŔŰŊШ?ŔƚƣŔŰĦƣШ~ĲƣőŸĬŸũŸŊŔĲƚШ 

ÑƽŸШĬŔƚƣŔŰĦƣШ[ċũƚĲШ9ŸũŸƖШ9ŸůƓŸƚŔƣĲШы[99ьШƚĦĲŰĲƚШƽŔũũШĤĲШĦƖĲċƣĲĬЯШŸŰĲШƨƚŔŰŊШĤċŰĬƚШΝΞЯШΝΝШċŰĬШ
Υ ШĦċũũĲĬШÉìfÅрÉìfÅр fÅШƣőċƣШĲŰőċŰĦĲƚШĲǂƓŸƚĲĬШƚŸŔũШċŰĬШŸƨƣĦƖŸƓƓŔŰŊШƖŸĦťƚЯШċŰĬШċŰŸƣőĲƖШŸŰĲШ
ƨƚŔŰŊШƣőĲШǯƖƚƣШƣőƖĲĲШÂƖŔŰĦŔƓċũШ9ŸůƓŸŰĲŰƣШŰċũǃƚŔƚШƖĲƚƨũƣƚШыÂ9 ШΝЯШÂ9 ШΞШċŰĬШÂ9 ШΟьЮ 

filenames <- paste0('B',c('12','11','8A'), "_20m.jp2") 

swirnir<- rast(filenames) 

masked_swirnir <- mask(swirnir, mask1) 

plotRGB(masked_swirnir,stretch='lin',axes=TRUE,main='SWIR+SWIR+NIR',mar=c(1,1,2,1)) 

 

 
  



 

rlist<-c("B02_20m.jp2","B03_20m.jp2","B04_20m.jp2","B05_20m.jp2","B06_20m.jp2", 

         "B07_20m.jp2","B8A_20m.jp2","B11_20m.jp2","B12_20m.jp2") 

rlist2<-c("b2","b3","b4","b5","b6","b7", "b8a","b11","b12") 

sentinel<-rast(rlist) 

names(sentinel)<-rlist2 

set.seed(1) 

samples_ <- spatSample(sentinel, 3000000,method="random")# ~10% 

pca <- prcomp(samples_, scale = TRUE) 

rm(samples_) 

pca 

pcis<-predict(sentinel,pca,filename='pcis.tif',overwrite=TRUE) 

pcaALL<-c(pcis[[1]],pcis[[2]],pcis[[3]],pcis[[4]],pcis[[5]],pcis[[6]],pcis[[7]], 

        pcis[[8]] ,pcis[[9]]) 

pcaALL <- mask(sentinel, mask1) 

plotRGB(pcaALL,stretch='lin',r=1,g=2,b=3,axes=TRUE,main='PCA',mar=c(1,1,2,1)) 

 

 
  



 

fŰƣĲŊƖċƣŔŰŊШƣőĲШƣƽŸШƚĦĲŰĲƚШŔŰƣŸШŸŰĲШ[99ШĤǃШůƨũƣŔƓũŔĦċƣŔŸŰЮ 
 
geobase<-(pcaALL*masked_swirnir)/17089 #nomalizing using range maximum value 17089 

plotRGB(geobase,stretch='hist',axes=TRUE,main='GEOBASE',mar=c(1,1,2,1)) 

writeRaster(geobase,'geobase.tif', overwrite=TRUE) 

 

 
 
ÑőĲШƖĲƚƨũƣŔŰŊШ[99ШċũƖĲċĬǃШũŸŸťƚШũŔťĲШċШŊĲŸũŸŊŔĦċũШůċƓЯШĤƨƣШŔƣШŔƚШŰŸƣШċШƚŔŰŊũĲШĤċŰĬШĦũċƚƚŔǯĦċƣŔŸŰШ
ƽŔƣőШĲċĦőШĦũċƚƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШċШƚƓĲĦƣƖċũШƖĲƚƓŸŰƚĲШŊƖŸƨƓШыŸƖШŊĲŸũŸŊŔĦċũШƨŰŔƣьЮШ ĲǂƣЯШƽĲШċƖĲШ
ŊŸŔŰŊШƣŸШŊĲŰĲƖċƣĲШƣőŔƚШƚŔŰŊũĲШĤċŰĬШĦũċƚƚŔǯĦċƣŔŸŰШƨƚŔŰŊШƣƽŸШĬŔǭĲƖĲŰƣШƓƖŸĦĲƚƚĲƚЮШ§ŰĲШ
ƨŰƚƨƓĲƖƻŔƚĲĬШƨƚŔŰŊШuрůĲċŰƚШċŰĬШŸŰĲШƚƨƓĲƖƻŔƚĲĬШƨƚŔŰŊШÉƓĲĦƣƖċũШċŰŊũĲШůċƓƓĲƖШыÉ ~ьЮ 
 
  



 

ÉÑEÂШΠШтШÖŰƚƨƓĲƖƻŔƚĲĬШƓƖŸĦĲƚƚШ 

ÖƚŔŰŊШuрůĲċŰƚШƣŸШŊĲŰĲƖċƣĲШƣőĲШƚƓĲĦƣƖċũШůċƓШыΥШĦũċƚƚĲƚьШƨƚŔŰŊШƣőĲШ]E§7 ÉEШƚĦĲŰĲШƖĲƚƨũƣŔŰŊШŔŰШ
ƣőĲШǯƖƚƣШљ]ĲŸũŸŊŔĦċũШ~ċƓњЮ 
 
ÖŰƚƨƓĲƖƻŔƚĲĬ 
 
img<-c(geobase[[1]],geobase[[2]],geobase[[3]],geobase[[4]],geobase[[5]], 

       geobase[[6]],geobase[[7]],geobase[[8]],geobase[[9]])  

ar <- values(img)  

values <- ar  

#replacing  NA from vector by 0 

ar[is.na(ar)] = 0   

Result <- clara(ar,9,samples=500,metric="manhattan",pamLike=T)# 12 minutes 

Kmraster9 <- rast (geobase[[1]]) 

values(kmraster9) <- Result$clustering  

#Here we mask the result and extract one of class resulting in 8 classes 

kmraster8 <- mask(kmraster9, mask1) 

plot(kmraster8, legend=T,axes=F,main='UNSUPERVISED') 

writeRaster(kmraster8,'UNSUPERVISED.tif', overwrite=TRUE) 

 

 
 
  



 

ÉÑEÂШΡШтШÉƨƓĲƖƻŔƚĲĬШƓƖŸĦĲƚƚШ 

ÖƚŔŰŊШÉƓĲĦƣƖċũШ ŰŊũĲШ~ċƓƓĲƖШыÉ ~ьШƣŸШŊĲŰĲƖċƣĲШƣőĲШƚƓĲĦƣƖċũШůċƓШƨƚŔŰŊШƣőĲШ]E§7 ÉEШƚĦĲŰĲШƣŸШ
ĦƖĲċƣĲШƣőĲШǯŰċũШљ]ĲŸũŸŊŔĦċũШ~ċƓњЮ 
fŰШőĲƖĲШƽĲШůƨƚƣШƚĲũĲĦƣШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŸŉШƓŸŔŰƣƚШƣőċƣШƽŔũũШĤĲƣƣĲƖШƖĲƓƖĲƚĲŰƣШƣőĲШĬŔǭĲƖĲŰƣШƚƓĲĦƣƖċũШ
ƖĲƚƓŸŰƚĲЮШ§ƓĲŰШƣőĲШŊĲŸĤċƚĲЮƣŔŉШƨƚŔŰŊШƣőĲШÄ]fÉШƓƖŸŊƖċůШċŰĬШĲǂƣƖċĦƣŔŰŊШŸŰĲШƓŸŔŰƣШŉŸƖШĲċĦőШ
ƚƓĲĦƣƖċũШƖĲƚƓŸŰƚĲШыũŔƣőŸũŸŊǃьШǃŸƨШĦċŰШĬŔƚƣŔŰŊƨŔƚőШŸŰШƣőĲШƚĦĲŰĲЮШEŔŊőƣШƓŸŔŰƣƚШƽĲƖĲШƚĲũĲĦƣĲĬЯШċŰĬШ
ƣőĲШǯŰċũШĦũċƚƚŔǯĦċƣŔŸŰШƽŔũũШőċƻĲШĲŔŊőƣШĬŔƚƣŔŰĦƣШĦũċƚƚĲƚШċƚШƖĲƚƨũƣШƣŸŸЮ 

 
 
  



 

ÉƨƓĲƖƻŔƚĲĬ 
 

library(RStoolbox) 

pontos <- data.frame(x = c(517831,582845,549504, 580941,589457,608259,597139, 

576555),  

                    y = c(8079732,8018364,8075490, 8017184,8018611,8048353 

,8008282,8050021)) 

endmembers <- extract(geobase, pontos) 

rownames(endmembers) <- c("litho1","litho2","litho3","litho4","litho5", 

"litho6","litho7","litho8") 

## Classification based on minimum angles 

sam <- sam(geobase, endmembers, angles = FALSE) 

plot(sam, legend=T,axes=F,main='SUPERVISED') 

writeRaster(sam,'SUPERVISED.tif', overwrite=TRUE) 

 
  



 

ÉÑEÂШΣШтШ9ŸůƓċƖŔŰŊШƣőĲШÅĲƚƨũƣƚШ 

cĲƖĲШƽĲШċƖĲШŊŸŔŰŊШƣŸШ9ŸůƓċƖĲШƣőĲШuрůĲċŰƚШƨŰƚƨƓĲƖƻŔƚĲĬШƖĲƚƨũƣШƽŔƣőШƣőĲШÉƓĲĦƣƖċũШ ŰŊũĲШ~ċƓƓĲƖШ
ыÉ ~ьШƖĲƚƨũƣЮШfƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШŰŸƣĲШƣőċƣШƣőĲШƖĲƚƨũƣŔŰŊШĦũċƚƚŔǯĦċƣŔŸŰШƖċƚƣĲƖШŔƚШŰŸƣШŔŰƣĲŰĬĲĬШƣŸШ
ĤĲШċШǯŰċũШŊĲŸũŸŊŔĦċũШůċƓШĤƨƣШċШĤċƚĲШŉŸƖШŉƨƖƣőĲƖШƚƓċƣŔċũШċŰċũǃƚŔƚШŸƖШǯŰċũШƻĲĦƣŸƖŔǍċƣŔŸŰШŔŰƣŸШċШ
ŊĲŸũŸŊŔĦċũШůċƓЮ 
ìĲШċƖĲШŊŸŔŰŊШƣŸШũŸċĬШƣőĲШΟШƖċƚƣĲƖƚШыŊĲŸĤċƚĲЮƣŔŉЯШÉÖÂEÅéfÉE?ЮƣŔŉШċŰĬШÖ ÉÖÂEÅéfÉE?ЮƣŔŉьШШŔŰƣŸШ
Ä]fÉШċŰĬШƻŔƚƨċũŔǍĲШƣőĲШƖĲƚƨũƣƚЮ 
 
]ĲŸĤċƚĲШőċƚШΦШĤċŰĬƚШŔŰƣĲŊƖċƣŔŰŊШƣőĲШÂ9 ШċŰĬШÉìfÅШÉìfÅШ fÅШ[99ЮШcĲƖĲШǃŸƨШƚĲĲШċШ[99ШƽŔƣőШ
ŊĲŸĤċƚĲШĤċŰĬƚШΝЯШΞШċŰĬШΟЮШ ŸƣĲШƣőĲШŊŸŸĬШƚƓĲĦƣƖċũШĦŸŰƣƖċƚƣШċĦőŔĲƻĲĬЮШ 

 
 
 
  



 

Ö ÉÖÂEÅéfÉE?Ш 
uрůĲċŰƚШŔƚШċШĦĲŰƣƖŸŔĬрĤċƚĲĬШĦũƨƚƣĲƖŔŰŊШċũŊŸƖŔƣőůЯШƽőĲƖĲШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШĲċĦőШĬċƣċШƓŸŔŰƣШ
ċŰĬШċШĦĲŰƣƖŸŔĬШŔƚШĦċũĦƨũċƣĲĬШċŰĬШċƚƚŔŊŰĲĬШƣŸШċШĦũƨƚƣĲƖЮШÑőĲШůċŔŰШŸĤŢĲĦƣŔƻĲШŔƚШƣőĲШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШ
ċШĬĲƣĲƖůŔŰĲĬШŰƨůĤĲƖШŸŉШŊƖŸƨƓƚШыuьШŔŰШŸƨƖШĬċƣċƚĲƣЮШìĲШĦőŸƚĲШƣŸШƨƚĲШΦШŊƖŸƨƓƚШƽőĲƖĲШŸŰĲШŔƚШƣőĲШ
ůċƚťĲĬШĲǂĦũƨĬŔŰŊШċƖĲċƚЮШ ŉƣĲƖШƓƖŸĦĲƚƚŔŰŊШƽĲШƖĲůŸƻĲĬШƣőŔƚШŊƖŸƨƓШƣőĲШƖĲƚƨũƣŔŰŊШĦũƨƚƣĲƖŔŰŊШƽŔŔũШ
őċƻĲШĲŔŊőƣШŊƖŸƨƓƚЮШÑőĲШĬċƣċШƓŸŔŰƣШŔƚШċƚƚŔŊŰĲĬШƣŸШĲċĦőШŊƖŸƨƓШĤċƚĲĬШŸŰШĬŔƚƣċŰĦĲШċŰĬШƚŔůŔũċƖШ
ŉĲċƣƨƖĲƚШůŔŰŔůŔǍŔŰŊШƣőĲШƚƨůШŸŉШĬŔƚƣċŰĦĲƚШĤĲƣƽĲĲŰШƣőĲШĬċƣċШƓŸŔŰƣƚШċŰĬШƣőĲШĦũƨƚƣĲƖШĦĲŰƣƖŸŔĬШ
ŔĬĲŰƣŔŉǃŔŰŊШƣőĲШŊƖŸƨƓШŔŰШƽőŔĦőШĲċĦőШĬċƣċШƓŸŔŰƣШƚőŸƨũĬШĤĲШŔŰĦũƨĬĲĬЮШ 
 
ÑőĲШƖĲƚƨũƣŔŰŊШuрůĲċŰƚШƚŔŰŊũĲШĤċŰĬШŔƚШƓƖĲƚĲŰƣĲĬШĤĲũŸƽЮ 

 
 
 
  



 

ÉÖÂEÅéfÉE?Ш 
ÑőĲШƚƓĲĦƣƖċũШċŰŊũĲШůċƓƓĲƖШыÉ ~ьШĦċũĦƨũċƣĲƚШƣőĲШċŰŊũĲШĤĲƣƽĲĲŰШƣƽŸШƚƓĲĦƣƖċаШċШťŰŸƽŰШƚƓĲĦƣƖƨůШ
ƖĲƓƖĲƚĲŰƣĲĬШĤǃШƣőĲШƻŔƚƨċũШƚĲũĲĦƣŔŸŰШŸŉШŸƨƖШĲŰĬƓŸŔŰƣƚШċŊċŔŰƚƣШƨŰťŰŸƽŰШƓŔǂĲũШƚƓĲĦƣƖċШыŸƨƖШŊĲŸĤċƚĲШ
ĬċƣċƚĲƣьШĤǃШƣƖĲċƣŔŰŊШƣőĲƚĲШċƚШƻĲĦƣŸƖƚШŔŰШċШŰрĬŔůĲŰƚŔŸŰċũШŉĲċƣƨƖĲШƚƓċĦĲШƽőĲƖĲШŰШŔƚШƣőĲШŰƨůĤĲƖШŸŉШ
ĤċŰĬƚШƨƚĲĬШыΦШĤċŰĬƚШŔŰШŸƨƖШĦċƚĲьЮШ 
 
ÑőĲШƖĲƚƨũƣŔŰŊШÉ ~ШƚŔŰŊũĲШĤċŰĬШŔƚШƓƖĲƚĲŰƣĲĬШĤĲũŸƽа 

 
 
 
 
  



 

]ĲŸũŸŊŔĦċũШ9ũċƚƚŔǯĦċƣŔŸŰШŉƨũũШĦŸĬĲ 
############################################################################### 

#      Sentinel 2 automated rocktype classification (Geological mapping) 

#      GDataSystems 2024 

#      Script Created by Andre Costa 

############################################################################### 

 

#      Scene Visualization 

library(terra)  

#Working directory where the images and data are located 

wd<-'C:/Users/User/Desktop/R algo'  

setwd(wd) 

# Plotting visible scene (bands 4, 3 and 2) 

filenames <- paste0('B0', 4:2, "_20m.jp2") 

vis<-rast(filenames) 

plotRGB(vis,stretch='lin',axes=TRUE) 

#____________________________________________________________________________ 

############################################################################### 

#      Creating the indexes composite Image 

#Calculating index to separate water, urban zones, vegetation and exposed soil/rock 

nir<-rast('B8A_20m.jp2') 

red<-rast('B04_20m.jp2') 

savi<-(nir-red)/(nir+red+0.5)*1.5 

green<-rast('B03_20m.jp2') 

swir<-rast('B11_20m.jp2') 

mndwi<-(green-swir)/(green+swir) 

swir1<-rast('B11_20m.jp2') 

swir2<-rast('B12_20m.jp2') 

ndti<-(swir1-swir2)/(swir1+swir2) 

nir<-rast('B8A_20m.jp2') 

swir<-rast('B11_20m.jp2') 

ndbi<-(swir-nir)/(swir+nir) 

rgbi<-rast(list(ndti, mndwi ,savi)) 

plotRGB(rgbi,stretch='lin') 

#____________________________________________________________________________ 

############################################################################### 

#      Kmeans Classification based on indexes Composite scene 

library(cluster) 

#creating dataframe from raster 

img<-c(rgbi[[1]],rgbi[[2]],rgbi[[3]])  

#creating vector from dataframe above 

ar <- values(img)  

#²ndex of valid values which are not NA 

values <- which(!is.na(ar))  

#removing NA from vector 

ar <- na.omit(ar)  

# Performing the classificatation (it takes a while depending on the scene size) 

Result <- clara(ar,7,samples=500,metric="manhattan",pamLike=T) 

# Creating an empty resulting raster 

kmraster <- rast (rgbi[[1]]) 

#loading the resulting class values back creating the resulting raster 

values(kmraster) <- Result$clustering  

plot(kmraster, legend=T,axes=F, col = rainbow(7)) 

mask1<-kmraster 

mask1[mask1 == 4 | mask1 == 5 | mask1 == 7] <- NA 

plot(mask1) 

#____________________________________________________________________________ 

############################################################################### 

#      Geo compositing 

#      Geo compositing SWIR SWIR NIR composite 

filenames <- paste0('B',c('12','11','8A'), "_20m.jp2") 

swirnir<- rast(filenames) 

masked_swirnir <- mask(swirnir, mask1) 

plotRGB(masked_swirnir,stretch='lin',axes=TRUE,main='SWIR+SWIR+NIR',mar=c(1,1,2,1)) 

#      Geo compositing PCA composite 

rlist<-c("B02_20m.jp2","B03_20m.jp2","B04_20m.jp2","B05_20m.jp2","B06_20m.jp2", 

         "B07_20m.jp2","B8A_20m.jp2","B11_20m.jp2","B12_20m.jp2") 

rlist2<-c("b2","b3","b4","b5","b6","b7", "b8a","b11","b12") 

sentinel<-rast(rlist) 

names(masked_pca)<-rlist2 



 

set.seed(1) 

samples_ <- spatSample(sentinel, 3000000,method="random")# ~10% 

pca <- prcomp(samples_, scale = TRUE) 

rm(samples_) 

pca 

pcis<-predict(sentinel,pca,filename='pcis.tif',overwrite=TRUE) 

pcaALL<-c(pcis[[1]],pcis[[2]],pcis[[3]],pcis[[4]],pcis[[5]],pcis[[6]],pcis[[7]], 

        pcis[[8]] ,pcis[[9]]) 

pcaALL <- mask(sentinel, mask1) 

plotRGB(pcaALL,stretch='lin',r=1,g=2,b=3,axes=TRUE,main='PCA',mar=c(1,1,2,1)) 

#nomalizing using range maximum value 17089 

geobase<-(pcaAll*masked_swirnir)/17089  

plotRGB(geobase,stretch='hist',axes=TRUE,main='GEOBASE',mar=c(1,1,2,1)) 

writeRaster(geobase,'geobase.tif', overwrite=TRUE) 

 

#____________________________________________________________________________ 

############################################################################### 

#      Unsupervised K-means Classification 

#        

img<-c(geobase[[1]],geobase[[2]],geobase[[3]],geobase[[4]],geobase[[5]], 

       geobase[[6]],geobase[[7]],geobase[[8]],geobase[[9]])  

ar <- values(img)  

values <- ar  

#replacing  NA from vector by 0 

ar[is.na(ar)] = 0   

Result <- clara(ar,9,samples=500,metric="manhattan",pamLike=T)# 16 minutes 

Kmraster9 <- rast (geobase[[1]]) 

values(kmraster9) <- Result$clustering  

#Here we mask the result and extract one of class resulting in 8 classes 

kmraster8 <- mask(kmraster9, mask1) 

plot(kmraster8, legend=T,axes=F,main='UNSUPERVISED') 

writeRaster(kmraster8,'UNSUPERVISED.tif', overwrite=TRUE) 

#____________________________________________________________________________ 

############################################################################### 

#      Supervised SAM Classification 

#       

library(RStoolbox) 

pontos <- data.frame(x = c(517831,582845,549504, 580941,589457,608259,597139, 576555),  

             y = c(8079732,8018364,8075490, 8017184,8018611,8048353 ,8008282,8050021)) 

endmembers <- extract(geobase, pontos) 

rownames(endmembers) <- c("litho1","litho2","litho3","litho4","litho5", "litho6", 

                          "litho7","litho8") 

## Classification based on minimum angles 

sam <- sam(geobase, endmembers, angles = FALSE) 

plot(sam, legend=T,axes=F,main='SUPERVISED') 

writeRaster(sam,'SUPERVISED.tif', overwrite=TRUE) 

#____________________________________________________________________________ 

 

  



 

Ξр xŔŰĲċƖШÉƣƖƨĦƣƨƖĲƚШċŰĬШfŰĦũŔŰĲĬШ[ċĦĲƚШŉƖŸůШ?E~ 
 
[ŔƖƚƣЯШƽĲШƽŔũũШĦƖĲċƣĲШċШƖċƚƣĲƖШƣőĲШƖĲƓƖĲƚĲŰƣƚШƣőĲШƚũŸƓĲƚШċŰĬШĦƖĲƚƣƚШċŰĬШċŉƣĲƖШƣőċƣШƽĲШƽŔũũШĲǂƣƖċĦƣШ
ƣőĲШůċŔŰШũŔŰĲċůĲŰƣƚШƨƚŔŰŊШċШĲĬŊĲрĬĲƣĲĦƣŔŸŰШċũŊŸƖŔƣőůШĤŸƖƖŸƽĲĬШŉƖŸůШƽůƣŸŸũЯШċШũŔĤƖċƖǃШƣőċƣШŔƚШ
ŰŸƣШċƻċŔũċĤũĲШċŰǃůŸƖĲЮШfШŔŰĦũƨĬĲШőĲƖĲШƣőĲШŉƨŰĦƣŔŸŰШƣőċƣШƽĲШċƖĲШŊŸŔŰŊШƣŸШƨƚĲЯШƣőĲǃШƽĲƖĲШĦƖĲċƣĲĬШĤǃШ
sƨŰŢŔШÉƨŊŔċůċШċŰĬШuċǃŸťŸШuŸĤċǃċƚőŔЮ 
 
ÑőĲШŉŸũũŸƽŔŰŊШƽŔũũШĦƖĲċƣĲШƣőĲШĦƖĲƚƣƚШċŰĬШƚũŸƓĲƚШĤċƚĲĬШŸŰШƣőĲШ?ŔŊŔƣċũШEũĲƻċƣŔŸŰШ~ŸĬĲũШы?E~ьШŸŉШƣőĲШ
ċƖĲċЮ 
library(terra)  

#Defining working directory 

wd<-'C:/Users/User/Desktop/R algo'  

setwd(wd) 

dem<-rast('dem.tif') 

gradiente<-terrain(dem,v='slope',unit='radians') 

aspecto<-terrain(dem,v='aspect',unit='radians') 

hshade<-shade(gradiente,aspecto,angle=45,direction=270,normalize= TRUE) 

hshade2<-shade(gradiente,aspecto,angle=45,direction=90,normalize= TRUE) 

hshade3<-shade(gradiente,aspecto,angle=45,direction=0,normalize= TRUE) 

hshade4<-shade(gradiente,aspecto,angle=45,direction=1800,normalize= TRUE) 

crests<- hshade + hshade2+ hshade3+ hshade4 

crests[crests > 650] <- NA 

crests[crests >0] <- 1 

plot(crests) 

 



 

ÉċƻĲШƣőĲШƖċƚƣĲƖШƨƚŔŰŊа 
writeRaster(crests,'crests.tif', overwrite=TRUE) 

 
 ĲǂƣШƽĲШƽŔũũШĲǂƣƖċĦƣШƣőĲШũŔŰĲċůĲŰƣƚШŉƖŸůШƣőĲШċƚƓĲĦƣШĲǂƣƖċĦƣĲĬШŉƖŸůШƣőĲШĬĲůЮ 

 
 
ÑŸШċĦőŔĲƻĲШƣőŔƚЯШƽĲШƽŔũũШŰĲĲĬШƣŸШũŸċĬШƣőĲШĲĬŊĲрĬĲƣĲĦƣŔŸŰШƖĲũċƣĲĬШŉƨŰĦƣŔŸŰƚ 
################################  

# Auxiliary functions 

rgb2gray <- function(x, coefs=c(0.30, 0.59, 0.11)) { 

 if (is.null(dim(x))) stop("image must have rgb type") 

 if (length(dim(x))<3) stop("image must have rgb type") 

 if (max(x) <= 1) { 

  x <- x*(2^(attr(x,"bits.per.sample"))-1) 

 } 

 imgdata <- round((coefs[1] * x[,,1] + coefs[2] * x[,,2] + coefs[3] * x[,,3])) 

 attr(imgdata, "bits.per.sample")<-attr(x,"bits.per.sample") 

 attr(imgdata, "samples.per.pixel") <- 1 

 return(imgdata) 

} 

############################### 

noise.filter <- function(x, n=3, method="median") { 

if (length(dim(x))>2){warning("data must be grayscale image") 



 

} else{ 

 if(max(x)<=1){ 

  x <- x*(2^attr(x,"bits.per.sample")-1) 

 } 

 px <- nrow(x) 

 py <- ncol(x) 

 img <- x 

 f <- n %/% 2 

 x_edge_plus <- matrix(NA, px+n-1, py+n-1) 

 x_edge_plus[(f+1):(f+px),(f+1):(f+py)] <- x 

 rasX <- matrix(NA,length(img),(n*n)) 

 if (method == "median" | method == "mean") { 

  for(i in 1:n){ 

    for(j in 1:n){ 

     rasX[,(n*(j-1)+i)] <- array(x_edge_plus[(i:(px+i-1)),(j:(py+j-1))]) 

    } 

  } 

  if(method == "median"){ 

 o.img <- apply(rasX,1,median,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

  } else if(method == "mean"){ 

 o.img <- apply(rasX,1,mean,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

  } 

 } else if (method == "gaussian"){ 

 if(n==3){ 

  gcf<- c(1,2,1,2,4,2,1,2,1)/16 

 } else if(n==5){ 

   gcf<- c(1,4,6,4,1,4,16,24,16,4,6,24,36,24,6,4,16,24,16,4,1,4,6,4,1)/256 

 } else {warning("only 3 or 5 for n")} 

 rasX <- matrix(NA,length(img),(n*n)) 

 for(i in 1:n){ 

   for(j in 1:n){ 

 rasX[,(n*(j-1)+i)] <- gcf[n*(j-1)+i]*array(x_edge_plus[(i:(px+i-1)),(j:(py+j-1))]) 

  } 

 } 

 o.img <- apply(rasX,1,sum,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

 if(n==3){ 

  o.img[c(1,nrow(o.img)),c(1,ncol(o.img))] <- 

o.img[c(1,nrow(o.img)),c(1,ncol(o.img))]*16/9 

 o.img[c(1,nrow(o.img)),2:(ncol(o.img)-1)] <- o.img[c(1,nrow(o.img)),2:(ncol(o.img)-

1)]*16/12 

 o.img[2:(nrow(o.img)-1),c(1,ncol(o.img))] <- o.img[2:(nrow(o.img)-

1),c(1,ncol(o.img))]*16/12 

 }else if(n==5){ 

  o.img[c(1,nrow(o.img)),c(1,ncol(o.img))] <- 

o.img[c(1,nrow(o.img)),c(1,ncol(o.img))]*256/121 

  o.img[c(1,nrow(o.img)),c(2,ncol(o.img)-1)] <- o.img[c(1,nrow(o.img)),c(2,ncol(o.img)-

1)]*256/165 

 o.img[c(2,nrow(o.img)-1),c(1,ncol(o.img))] <- o.img[c(2,nrow(o.img)-

1),c(1,ncol(o.img))]*256/165 

 o.img[c(1,nrow(o.img)),3:(ncol(o.img)-2)] <- o.img[c(1,nrow(o.img)),3:(ncol(o.img)-

2)]*256/176 

 o.img[3:(nrow(o.img)-2),c(1,col(o.img))] <- o.img[3:(nrow(o.img)-

2),c(1,col(o.img))]*256/176 

 o.img[c(2,(nrow(o.img)-1)),c(2,(ncol(o.img)-1))] <- o.img[c(2,(nrow(o.img)-

1)),c(2,(ncol(o.img)-1))]*256/189 

 o.img[c(2,nrow(o.img)-1),3:(ncol(o.img)-2)] <- o.img[c(2,nrow(o.img)-

1),3:(ncol(o.img)-2)]*256/240 

 o.img[3:(nrow(o.img)-2),c(2,ncol(o.img)-1)] <- o.img[3:(nrow(o.img)-

2),c(2,ncol(o.img)-1)]*256/240 

 } 

 } else { 

 print(NULL) 

 } 

 attr(o.img, "bits.per.sample")<-attr(x,"bits.per.sample") 

 attr(o.img, "samples.per.pixel")<-attr(x,"samples.per.pixel") 

 out <- round(o.img) 

}} 

###################################### 



 

edge.detect <- function(x, thresh1=1, thresh2=15, noise="gaussian", noise.s=3,   

method="Canny") { 

 if (length(dim(x))>2){warning("data must be grayscale image") 

 } else { 

  img <- x 

  img.n <- noise.filter(img,noise.s, method= noise) 

  img.ed <- img[2:(nrow(img)-1),2:(ncol(img)-1)] 

  rasSX <- matrix(NA,length(img.ed),9) 

  rasSY <- matrix(NA,length(img.ed),9) 

  sx <- c(-1,-2,-1,0,0,0,1,2,1)/8 

  sy <- c(-1,0,1,-2,0,2,-1,0,1)/8 

  for(i in 1:3){ 

   for(j in 1:3){ 

    rasSX[,(3*(j-1)+i)] <- sx[3*(j-1)+i]*array(img.n[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-

3))]) 

    rasSY[,(3*(j-1)+i)] <- sy[3*(j-1)+i]*array(img.n[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-

3))]) 

   } 

  } 

  img.sx <- apply(rasSX,1,sum) 

  img.sy <- apply(rasSY,1,sum) 

  dim(img.sx) <- dim(img.sy) <- dim(img.ed) 

  img.sxsy <- (img.sx^2+img.sy^2)^0.5    #magnitude of gradient 

  if(method=="Sobel"){ 

   out <- img.sxsy 

  } else if(method=="Canny"){ 

   img.th <- atan(img.sy/img.sx) 

   img.th0 <- img.th          #angles of gradient (0,45,90,135) 

   img.th0[abs(img.th0) >= pi*3/8] <- 90 

   img.th0[abs(img.th0) <= pi/8] <- 0 

   img.th0[img.th0 > pi/8 & img.th0 < pi*3/8] <- 45 

   img.th0[img.th0 > -pi*3/8 & img.th0 < -pi/8] <- 135 

   #non-maximum suppression 

   img.sxsy.bl <- matrix(0,nrow(img),ncol(img)) 

   img.sxsy.bl[2:(nrow(img)-1),2:(ncol(img)-1)] <- img.sxsy 

   rasL <- matrix(NA,length(img.sxsy),9) 

   for(i in 1:3){ 

    for(j in 1:3){ 

     rasL[,(3*(j-1)+i)] <- array(img.sxsy.bl[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-3))]) 

    } 

   } 

   rasLj <- matrix(0,length(img.sxsy),4) 

   rasLj[which(rasL[,5] > rasL[,4] & rasL[,5] > rasL[,6]),3] <- 1 

   rasLj[which(rasL[,5] > rasL[,7] & rasL[,5] > rasL[,3]),4] <- 1 

   rasLj[which(rasL[,5] > rasL[,2] & rasL[,5] > rasL[,8]),1] <- 1 

   rasLj[which(rasL[,5] > rasL[,1] & rasL[,5] > rasL[,9]),2] <- 1 

   img.tl <- array(img.sxsy) 

   img.tl[which(img.th0==0)] <- img.sxsy[which(img.th0==0)]*rasLj[which(img.th0==0),1] 

   img.tl[which(img.th0==45)] <- img.sxsy[which(img.th0==45)]*rasLj[which(img.th0==45),2] 

   img.tl[which(img.th0==90)] <-   img.sxsy[which(img.th0==90)]*rasLj[which(img.th0==90),3] 

   img.tl[which(img.th0==135)] <- img.sxsy[which(img.th0==135)]*rasLj[which(img.th0==135),4] 

   dim(img.tl) <- dim(img.sxsy) 

   #hysteresis threshold 

   mxth <- sort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(img.tl!=0)])*thresh2/100)] 

   mnth <- sort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(img.tl!=0)])*thresh1/100)] 

   img.bn0 <- img.bn1 <- matrix(0,nrow(img.tl)+2,ncol(img.tl)+2) 

   img.bn0[2:(nrow(img.bn0)-1),2:(ncol(img.bn0)-1)] <- img.bn1[2:(nrow(img.bn0)-

1),2:(ncol(img.bn0)-1)] <- img.tl 

   img.bn0[which(img.bn0 <= mnth)] <- 0 

   img.bn0[which(img.bn0 > mnth)] <- 1  

   img.lb <- matrix(0,nrow(img.tl)+2,ncol(img.tl)+2) 

   ren8 <- rbind(c(-1,-1),c(-1,0),c(-1,1),c(0,-1)) #8-connected area 

   k <- 0 

   for(i in 2:(nrow(img.bn0)-1)){ 

    for(j in 2:(ncol(img.bn0)-1)){ 

 z8 <- t(c(i,j)+t(ren8)) 

 if(img.bn0[i,j]==0){ 

 }else if(img.bn0[i,j]==1 && sum(img.bn0[z8]==0)==4){ 

     k <- k+1 

  img.lb[i,j] <- k 

 }else { 



 

  zl <- z8[which (img.lb[z8] != 0),,drop=F] 

  z.lb <- img.lb[zl] 

  z.lb <- sort(z.lb[!duplicated(z.lb)]) 

  img.lb[i,j] <- z.lb[1] 

  if(length(z.lb)>1){ 

   for(l in 2:length(z.lb)){ 

    img.lb[which(img.lb==z.lb[l])] <- z.lb[1] 

   } 

    } 

   } 

} 

} 

img.bn <- img.lb 

lb <- sort(img.lb[!duplicated(array(img.lb))]) 

lb <- lb[-1] 

for(i in lb){ 

if(length(which(img.bn1[which(img.lb==i)]>mxth))==0){ 

 img.bn[which(img.lb==i)] <- 0 

}else { 

 img.bn[which(img.lb==i)] <- 1 

} 

} 

img.bn <- img.bn[2:(nrow(img.bn0)-1),2:(ncol(img.bn0)-1)] 

out <- img.bn 

}else { 

 print(NULL) 

} 

}} 
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resul<-focal(aspecto,w=5, fun=median, na.rm=TRUE) 

h<-as.integer(values(resul)) 

hh<-array(h,c(dim(resul)[1],dim(resul)[2],3)) 

hh[is.na(hh)]<-0 

hi<-rgb2gray(hh) 

edg<-edge.detect(hi,thresh1=40, thresh2=60, noise="median", noise.s=5,method='Canny') 

r<-rast(nrows=dim(edg)[1],ncols=dim(edg)[2],crs=crs(resul),ext=ext(resul)) 

a<-as.vector(edg) 

final<-setValues(r,a) 

final[final==0]<-NA 

plot(final) 
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writeRaster(final,'lines.tif', overwrite=TRUE) 
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############################################################################### 

#      Sentinel 2 automated structural lineaments extraction (Geological mapping) 

#      GDataSystems 2024 

#      Script Created by Andre Costa 

#      Functions rgb2gray ,noise.filter and edge.detect Authors: Junji Sugiyama,  

#                                                                Kayoko Kobayashi 

 

 

############################################################################### 

#      Loading DEM and extracting gradient aspect hillshade 

library(terra)  

#Defining working directory 

wd<-'C:/Users/User/Desktop/R algo'  



 

setwd(wd) 

dem<-rast('dem.tif') 

gradiente<-terrain(dem,v='slope',unit='radians') 

aspecto<-terrain(dem,v='aspect',unit='radians') 

hshade<-shade(gradiente,aspecto,angle=45,direction=270,normalize= TRUE) 

hshade2<-shade(gradiente,aspecto,angle=45,direction=90,normalize= TRUE) 

hshade3<-shade(gradiente,aspecto,angle=45,direction=0,normalize= TRUE) 

hshade4<-shade(gradiente,aspecto,angle=45,direction=1800,normalize= TRUE) 

crests<- hshade + hshade2+ hshade3+ hshade4 

crests[crests > 650] <- NA 

crests[crests >0] <- 1 

writeRaster(crests,'crests.tif', overwrite=TRUE) 

 

################################  

# Auxiliary functions 

rgb2gray <- function(x, coefs=c(0.30, 0.59, 0.11)) { 

 if (is.null(dim(x))) stop("image must have rgb type") 

 if (length(dim(x))<3) stop("image must have rgb type") 

 if (max(x) <= 1) { 

  x <- x*(2^(attr(x,"bits.per.sample"))-1) 

 } 

 imgdata <- round((coefs[1] * x[,,1] + coefs[2] * x[,,2] + coefs[3] * x[,,3])) 

 attr(imgdata, "bits.per.sample")<-attr(x,"bits.per.sample") 

 attr(imgdata, "samples.per.pixel") <- 1 

 return(imgdata) 

} 

############################### 

noise.filter <- function(x, n=3, method="median") { 

if (length(dim(x))>2){warning("data must be grayscale image") 

} else{ 

 if(max(x)<=1){ 

  x <- x*(2^attr(x,"bits.per.sample")-1) 

 } 

 px <- nrow(x) 

 py <- ncol(x) 

 img <- x 

 f <- n %/% 2 

 x_edge_plus <- matrix(NA, px+n-1, py+n-1) 

 x_edge_plus[(f+1):(f+px),(f+1):(f+py)] <- x 

 rasX <- matrix(NA,length(img),(n*n)) 

 if (method == "median" | method == "mean") { 

  for(i in 1:n){ 

    for(j in 1:n){ 

     rasX[,(n*(j-1)+i)] <- array(x_edge_plus[(i:(px+i-1)),(j:(py+j-1))]) 

    } 

  } 

  if(method == "median"){ 

 o.img <- apply(rasX,1,median,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

  } else if(method == "mean"){ 

 o.img <- apply(rasX,1,mean,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

  } 

 } else if (method == "gaussian"){ 

 if(n==3){ 

  gcf<- c(1,2,1,2,4,2,1,2,1)/16 

 } else if(n==5){ 

   gcf<- c(1,4,6,4,1,4,16,24,16,4,6,24,36,24,6,4,16,24,16,4,1,4,6,4,1)/256 

 } else {warning("only 3 or 5 for n")} 

 rasX <- matrix(NA,length(img),(n*n)) 

 for(i in 1:n){ 

   for(j in 1:n){ 

 rasX[,(n*(j-1)+i)] <- gcf[n*(j-1)+i]*array(x_edge_plus[(i:(px+i-1)),(j:(py+j-1))]) 

  } 

 } 

 o.img <- apply(rasX,1,sum,na.rm=T) 

 dim(o.img)<- c(nrow(img),ncol(img)) 

 if(n==3){ 

  o.img[c(1,nrow(o.img)),c(1,ncol(o.img))] <- 

o.img[c(1,nrow(o.img)),c(1,ncol(o.img))]*16/9 



 

 o.img[c(1,nrow(o.img)),2:(ncol(o.img)-1)] <- o.img[c(1,nrow(o.img)),2:(ncol(o.img)-

1)]*16/12 

 o.img[2:(nrow(o.img)-1),c(1,ncol(o.img))] <- o.img[2:(nrow(o.img)-

1),c(1,ncol(o.img))]*16/12 

 }else if(n==5){ 

  o.img[c(1,nrow(o.img)),c(1,ncol(o.img))] <- 

o.img[c(1,nrow(o.img)),c(1,ncol(o.img))]*256/121 

  o.img[c(1,nrow(o.img)),c(2,ncol(o.img)-1)] <- o.img[c(1,nrow(o.img)),c(2,ncol(o.img)-

1)]*256/165 

 o.img[c(2,nrow(o.img)-1),c(1,ncol(o.img))] <- o.img[c(2,nrow(o.img)-

1),c(1,ncol(o.img))]*256/165 

 o.img[c(1,nrow(o.img)),3:(ncol(o.img)-2)] <- o.img[c(1,nrow(o.img)),3:(ncol(o.img)-

2)]*256/176 

 o.img[3:(nrow(o.img)-2),c(1,col(o.img))] <- o.img[3:(nrow(o.img)-

2),c(1,col(o.img))]*256/176 

 o.img[c(2,(nrow(o.img)-1)),c(2,(ncol(o.img)-1))] <- o.img[c(2,(nrow(o.img)-

1)),c(2,(ncol(o.img)-1))]*256/189 

 o.img[c(2,nrow(o.img)-1),3:(ncol(o.img)-2)] <- o.img[c(2,nrow(o.img)-

1),3:(ncol(o.img)-2)]*256/240 

 o.img[3:(nrow(o.img)-2),c(2,ncol(o.img)-1)] <- o.img[3:(nrow(o.img)-

2),c(2,ncol(o.img)-1)]*256/240 

 } 

 } else { 

 print(NULL) 

 } 

 attr(o.img, "bits.per.sample")<-attr(x,"bits.per.sample") 

 attr(o.img, "samples.per.pixel")<-attr(x,"samples.per.pixel") 

 out <- round(o.img) 

}} 

###################################### 

edge.detect <- function(x, thresh1=1, thresh2=15, noise="gaussian", noise.s=3,   

method="Canny") { 

 if (length(dim(x))>2){warning("data must be grayscale image") 

 } else { 

  img <- x 

  img.n <- noise.filter(img,noise.s, method= noise) 

  img.ed <- img[2:(nrow(img)-1),2:(ncol(img)-1)] 

  rasSX <- matrix(NA,length(img.ed),9) 

  rasSY <- matrix(NA,length(img.ed),9) 

  sx <- c(-1,-2,-1,0,0,0,1,2,1)/8 

  sy <- c(-1,0,1,-2,0,2,-1,0,1)/8 

  for(i in 1:3){ 

   for(j in 1:3){ 

    rasSX[,(3*(j-1)+i)] <- sx[3*(j-1)+i]*array(img.n[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-

3))]) 

    rasSY[,(3*(j-1)+i)] <- sy[3*(j-1)+i]*array(img.n[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-

3))]) 

   } 

  } 

  img.sx <- apply(rasSX,1,sum) 

  img.sy <- apply(rasSY,1,sum) 

  dim(img.sx) <- dim(img.sy) <- dim(img.ed) 

  img.sxsy <- (img.sx^2+img.sy^2)^0.5    #magnitude of gradient 

  if(method=="Sobel"){ 

   out <- img.sxsy 

  } else if(method=="Canny"){ 

   img.th <- atan(img.sy/img.sx) 

   img.th0 <- img.th          #angles of gradient (0,45,90,135) 

   img.th0[abs(img.th0) >= pi*3/8] <- 90 

   img.th0[abs(img.th0) <= pi/8] <- 0 

   img.th0[img.th0 > pi/8 & img.th0 < pi*3/8] <- 45 

   img.th0[img.th0 > -pi*3/8 & img.th0 < -pi/8] <- 135 

   #non-maximum suppression 

   img.sxsy.bl <- matrix(0,nrow(img),ncol(img)) 

   img.sxsy.bl[2:(nrow(img)-1),2:(ncol(img)-1)] <- img.sxsy 

   rasL <- matrix(NA,length(img.sxsy),9) 

   for(i in 1:3){ 

    for(j in 1:3){ 

     rasL[,(3*(j-1)+i)] <- array(img.sxsy.bl[(i:(nrow(img.n)+i-3)),(j:(ncol(img.n)+j-3))]) 

    } 

   } 



 

   rasLj <- matrix(0,length(img.sxsy),4) 

   rasLj[which(rasL[,5] > rasL[,4] & rasL[,5] > rasL[,6]),3] <- 1 

   rasLj[which(rasL[,5] > rasL[,7] & rasL[,5] > rasL[,3]),4] <- 1 

   rasLj[which(rasL[,5] > rasL[,2] & rasL[,5] > rasL[,8]),1] <- 1 

   rasLj[which(rasL[,5] > rasL[,1] & rasL[,5] > rasL[,9]),2] <- 1 

   img.tl <- array(img.sxsy) 

   img.tl[which(img.th0==0)] <- img.sxsy[which(img.th0==0)]*rasLj[which(img.th0==0),1] 

   img.tl[which(img.th0==45)] <- img.sxsy[which(img.th0==45)]*rasLj[which(img.th0==45),2] 

   img.tl[which(img.th0==90)] <-   img.sxsy[which(img.th0==90)]*rasLj[which(img.th0==90),3] 

   img.tl[which(img.th0==135)] <- img.sxsy[which(img.th0==135)]*rasLj[which(img.th0==135),4] 

   dim(img.tl) <- dim(img.sxsy) 

   #hysteresis threshold 

   mxth <- sort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(img.tl!=0)])*thresh2/100)] 

   mnth <- sort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(img.tl!=0)])*thresh1/100)] 

   img.bn0 <- img.bn1 <- matrix(0,nrow(img.tl)+2,ncol(img.tl)+2) 

   img.bn0[2:(nrow(img.bn0)-1),2:(ncol(img.bn0)-1)] <- img.bn1[2:(nrow(img.bn0)-

1),2:(ncol(img.bn0)-1)] <- img.tl 

   img.bn0[which(img.bn0 <= mnth)] <- 0 

   img.bn0[which(img.bn0 > mnth)] <- 1  

   img.lb <- matrix(0,nrow(img.tl)+2,ncol(img.tl)+2) 

   ren8 <- rbind(c(-1,-1),c(-1,0),c(-1,1),c(0,-1)) #8-connected area 

   k <- 0 

   for(i in 2:(nrow(img.bn0)-1)){ 

    for(j in 2:(ncol(img.bn0)-1)){ 

 z8 <- t(c(i,j)+t(ren8)) 

 if(img.bn0[i,j]==0){ 

 }else if(img.bn0[i,j]==1 && sum(img.bn0[z8]==0)==4){ 

     k <- k+1 

  img.lb[i,j] <- k 

 }else { 

  zl <- z8[which (img.lb[z8] != 0),,drop=F] 

  z.lb <- img.lb[zl] 

  z.lb <- sort(z.lb[!duplicated(z.lb)]) 

  img.lb[i,j] <- z.lb[1] 

  if(length(z.lb)>1){ 

   for(l in 2:length(z.lb)){ 

    img.lb[which(img.lb==z.lb[l])] <- z.lb[1] 

   } 

    } 

   } 

} 

} 

img.bn <- img.lb 

lb <- sort(img.lb[!duplicated(array(img.lb))]) 

lb <- lb[-1] 

for(i in lb){ 

if(length(which(img.bn1[which(img.lb==i)]>mxth))==0){ 

 img.bn[which(img.lb==i)] <- 0 

}else { 

 img.bn[which(img.lb==i)] <- 1 

} 

} 

img.bn <- img.bn[2:(nrow(img.bn0)-1),2:(ncol(img.bn0)-1)] 

out <- img.bn 

}else { 

 print(NULL) 

} 

}} 

 

resul<-focal(aspecto,w=5, fun=median, na.rm=TRUE) 

h<-as.integer(values(resul)) 

hh<-array(h,c(dim(resul)[1],dim(resul)[2],3)) 

hh[is.na(hh)]<-0 

hi<-rgb2gray(hh) 

edg<-edge.detect(hi,thresh1=40, thresh2=60, noise="median", noise.s=5,method='Canny') 

r<-rast(nrows=dim(edg)[1],ncols=dim(edg)[2],crs=crs(resul),ext=ext(resul)) 

a<-as.vector(edg) 

final<-setValues(r,a) 

plot(final) 

writeRaster(final,'lines.tif', overwrite=TRUE)  
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