The R function to select the plots coordinates to optimise floristic samplings
[from More species, less effort: designing and comparing sampling strategies to draft optimised floristic inventories by D’Antraccoli M., Bacaro G., Tordoni E., Bedini G., Peruzzi L., published on Perspectives in Plant Ecology, Evolution and Systematics]


Arguments:
x: a SpatialObject of class RasterLayer
perm: the number of permutations to run
boundary: a SpatialObject of class ‘SpatialPolygonsDataFrame’
samp: the number of sampling units to select within the ‘boundary’ layer
quant: an arbitrary selected quantile threshold of variance

Outputs:
Full Matrix: Dataframe storing all the random spatial configurations of sampling units analysed
Aggregated matrix: Dataframe summarising the variance and the spatial median of distances of all the spatial configurations tested
Best: The spatial configuration scoring the maximum value of spatial median among all the solutions above the quant threshold provided by the user
Variance of sampling points: variance of sampling units’ values of the best selected spatial configuration
Spatial Median of Distance: spatial median of distances among sampling units of the best spatial configuration

###############################################################################
######################### 1. Load the packages ################################

if(!require(ICSNP)){install.packages("ICSNP"); library(ICSNP)}
if(!require(raster)){install.packages("raster"); library(raster)}
if(!require(rgdal)){install.packages("rgdal"); library(rgdal)}
if(!require(rgeos)){install.packages("rgeos"); library(rgeos)}
if(!require(sp)){install.packages("sp"); library(sp)} 
if(!require(spsann)){install.packages("spsann"); library(spsann)} 
if(!require(velox)){install.packages("velox"); library(velox)} 


################################################################################################ 2. Definition of the function ‘SVHsampling’ #################

SVHsampling <-function(x, perm, boundary, samp, quant){
  ndvi.vx <- velox(x)
  result <- list()
  distanze <- matrix(ncol=1,nrow = perm)
  pb <- txtProgressBar(min = 0, max = perm, style = 3)
  for (i in 1:perm){
    
    punti_random<- spsample(boundary, n = samp, type='random', iter = 10)
    estratti <- data.frame(coordinates(punti_random),ndvi.vx$extract_points(sp = punti_random))
    names(estratti) <- c("x", "y", "ndvi")
    result[[i]]<-data.frame(estratti)
    med<-matrix(ICSNP::spatial.median(estratti[,1:2], maxiter = 10^20), ncol = 2)
    colnames(med)<-c('x','y')
    distanze[[i]]<-mean(dist(rbind(med,estratti[,1:2])))
    setTxtProgressBar(pb, i)
    
  }
  
  new_mat<-plyr::ldply(result, data.frame)
  new_mat$try <- as.factor(rep(1:perm, each= samp))
  
  agg1 <- aggregate(new_mat$ndvi,by=list(new_mat$try),FUN=var)
  agg2 <- data.frame(agg1, distanze)
  colnames(agg2)<-c('Try','Variance','Mean Dist')
  agg2 <- na.omit(agg2)
  agg3 <- agg2[agg2$Variance > quantile(agg2$Variance, quant),]
  ordered_solutions <- agg3[order(agg3[,'Mean Dist'], decreasing = TRUE),]
  best <- ordered_solutions[order(ordered_solutions[,3], decreasing = TRUE),]
  Index <- as.numeric(best[1,1])
  sol <- subset(new_mat[new_mat$try %in% Index,])
  sol2 <- subset(agg2[agg2$Try %in% Index,])
    return(list("Full matrix"=new_mat, "Aggregated matrix"=agg2, "Best"=sol, "Variance of sampling points"=sol2[,'Variance'],
                "Spatial Median of Distance"= sol2[,'Mean Dist']))
}

############ EXAMPLE (given an object of class ‘RasterLayer’ and an object of class ‘SpatialPolygonsDataframe’ named ‘ndvi_clip’ and ‘area_studio’, respectively)

out <- SVHsampling(x= ndvi_clip, perm = 10^5, samp = 15, boundary= area_studio, quant = 0.99)
