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https://gdatasystems.com/

DATAS#STEMS
(I
No ] UYQOYBRB®G UBUI7¢e U T RIFhH ¢ YorRLY~E 130 ftiRIc dIaIW
] OYGYNRHACH WG ¢ G WA (U dLdp RIFLEDIND I atrsRIGUTHLE 8 q Rt GIIHD} Ud O Wi
b e #HE Wet ANMGEIIT AW RUDG Z WG YT e #aqt OWf UWE 131 1 Wselle | 13 W
Gdc¢c@t RUNIWRYsdREGHqY s 6 W O (2 Rt dIT M- HIR R 2 + apdd (0 TR U

Ee Gl 2Rt T We OOROCIFELIE @GR HHokl Hes 0RO WEANVLRT 130 Ul cBRINGdLqIddd W ¢ G 1]
Gl WHIWARGIOH RIG UI¥ & 131 WE T 3¢t 10

NG 1IJt JWa DHEE YRIFHIMEYGRE RN RID N e R & R MUD ¢IRpiLID vt 110 o G !

| Y#Ht Wik0 TGN 1 W RGEDUDEG Y LG Y i MB B Y WWIND RGt ¢ 0 Wa ¢ G

NS IJWaVYYadt WeG IYTHLN GADMIGR0NRIRE § 6 1J WD I Y G ¢ yRdsaba RE JE | R1J
¢ UA Blg ¥ Yl Ui 19 U q R @60 CERL KIILR G ¢ N 1J

ENE AN HtgroUIUE & ¢ DWWYUWgs JW2 Rt RAGWWAHE UT 5 RT q6 W

N 6 1J10igER B 10 & £ HIf W O Wa 1010 WHMWYRIRUWEIAD gl e JWHYGY!I WHYAGGYt RaRY
He UT s RIJq @ k05 1Jalks IRG 1 ibldpdo BIE Mibl 19+ Y Ode cq2REE00 Ws Y1 ¢ ROPGWAe UT
MAEONEA EWN N Bd GEIEN ES GE quie Yille qRY UOWN S 1JWn 2 tlidud 1513 U 1J W
q Y WR dit YUHGRIX BT Al d WigXWe Wn s Wa RUe qlt W YWHWWHY G GO Dq T L
L Yel WH!t quUato

l'ibrary(terra)

#MWr king direhttoryt mages and data are | ocated
wd< C: / Users/ User/ Desktop/ R al go'

set wd(wd)

# Pltongvi si bl e 9g(cheameds 4, 3 and
filenamepasteO('BO', 4:2, " _20m.jp2")
vi srkast (fil enames)

pl ot RGB(vis,stretch=")%snedeg amxeeps =HTeR UEw
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#index to separavegwbaeirpn and exposed soil/rock
nir-gast('"B8A_20m. jp2')

redrast (' B04_20m. jp2')

savi(<ni-red/ (nired0.5)*1.5

plosavilrange=c)Yo0, 1)
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greem<ast (' B0O3_20m.jp2")
swi fr<ast (' B1l1_20m.jp2'")

mndwi(greeasmwir)/ (green+swir)
plot(mndwi,range=c(0, madk( mndwi [, 1])))

=
=2
=
= —
(=] iy
2 -
[z) '.'l.. "
; 1
|'.'. | 1
g 0.15
= .
= . K
2 . oo
oo v .
=] ;
= .
g ;
g1
=2 [
w I. . .
" 0.10
:
kS
o
=] !
=1 !
=t N
=z :
oo L
M
I..
g
g * . 0.05
&
L
:'-\
4] e
= S
4
o B
".
T T : T T T U.UU

S5e+05 520000 540000 550000 580000 Ge+05



swir-teast (' B11_20
swir-2«st('B12_20
ndt i(sswi-swir2)/ (swirl+swir?2)

plot(ndti,range=c(min(ndtif[,212]), max(ndti[,21]1)))
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rgbircast (I ndt (mndwis avi)

pl ot RGB(rghbi,str)etch
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brary(cluster)

I i

#creating dataframe from raster
imgs(rgbi[[1]],rgbi[[2]],rgbi[[3]])

#creating vector from dataframe above

ar -<values (i mg)

#2ndex of valid values which are not NA
valueswkich(!is.na(ar))

#removing NA from vector

ar -<na.omit(ar)

# Performing the classificatation (it takes a while depend
Resultckara(fasampl es=500, metric="manhattan", pamLi ke=T)

# Creati regnpany resulting raster

kmrast<emrast (rgbi [[1]1)

#1l oading the resulting class values back creating the resul

values(kmjasResul t$clustering
plot (kmrasltegend=T, axes=F, c¢D)
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NIWUWI ¢ qlto
mas k-kmr ast er

ma s kmgs k=1=4 | mas k=1=5] mas k=1=7] < NA
pl ot (mask1)
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filenamepaxteO('B',c('"12',"11',"8A"), " _20m.jp2")
swirniragst(filenames)

masked_swi-rmaskswirnir, mask1l)

pl ot RGB( masked_swirnir,stretch="1in",axes=TRUE, mai)jn="SWI R+
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rlistc¢"B02_20m.jp2","B03_20m.jp2","B04_20m.jp2","B05_20m. |
“"BO7_20m.jp2","B8A_20m.jp2","B11_20m.jp2","B12_20m.jp

rlist@ec"b2","b3","b4","b5", "b6","b7", "b8a","bll","bl2")

sentinebhst (rlist)

namessgntinerll i st?2

set.seed(1)
sampl e<s spat Sangpdnret(i he3 000000, met hod="random")# ~10%

pca- prcompampl esscale = TRUE)

rmgampllls_

pca

pcispredicsernfti npgda, filename="pcis.tif',overwrite=TRUE)

pcALLc(pcis[[1]].,.pcis[[2]pcipglillsHcdi3gI] pci S pci gII
pcisgfl,pci 9D
pcALl- maskéntinemask1l)
pl ot RBALLstretch=rElLpnygs2 ak23=TRUE, main='PCA' , mar=c(1,1, 2,1

Se+Ns s20000 s4nnnn sannnn sannnn Re+NS
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geobaspsALLimasked_sWwidd@dDB®mal i zuesgng rangemumaxal wks9
pl ot RGB(geobase,stretch="hi stGEOBASHERATRUEH,1mali,25"'1) )
writeRagteb@igeobadsef', overwrite=TRUE)
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i mge@geobdgd]deobdd@]deobddas]deobd¥plgeobd Hp]
geobddplgeobddrplgeobdBplgeobd o)
ar -<values (i mg)

val uesacx

#replacing NA from vector by O

ar[is.na(ar)] = 0
Result+ckara@asampl es=500, metric="manhatlt2amhupamLi ke=T)
Kmr astOer rastgegobdgd]])

values(kmBlast<Reasul t$clustering

#Her e mwaskhe resailnd extracafcdmesrsesul ting in 8 classes
kmrasterm@askmrast,erntask1l)

plot (kmr&stlergend=T, mxiesUNEPERV | S'E)D

writeRaster (BnUNMSURERVIESED, overwrite=TRUE)
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Il'i brary(RStool box)
pontosddgata. frame®GAg3188§2845, 5450860%41, 589457,608259, 597139,
576 5)5,5
y = &Q(78280183646548%0017184,8018611, 8048353
, 8008282, 8050021
endmemberexts ageélfas, e pont os)
rownames ( endmenb(€erls)t holli"t,tho2" , "1l itho3","lithod4","lithob5",
"litho®l"i trho | i B8Bho
## Cl asstiifomrabased on minimum angl es
sam- samg(eobasendmembers, angles = FALSE)
plot(sam, |l egend=T, axes=F, main="SUPERVI SED")
writeRast el @PsEaRWV I SEIDf, overwrite=TRUE)
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l'ibrary(terra)

wd< C: / Users/ User/ Desktop/ R al go'
set wd(wd)

filenamepasxteO('BO"', 4:2, " _20m.jp2")
vi srkast (fil enames)
pl ot RGB(vis,stretch="1in",axes=TRUE)

nir-rast (' B8A_ )
redrast (' B04_ )
savi(<ni-red)/ (nir+red+0.5)*1.5
greemast('B0O3_20m.jp2')

20m. jp2'
20m. jp2'

swifr<ast (' B11_20m. jp2')
mndwi(gresmwir)/ (green+swir)
swir-tast('B11_20m.jp2')
swir-2ast('B12_20m. jp2'

ndt it(sswi-swir2)/ (swirl+swir?2)
nir-rast (' B8A_20m.jp2')

swi fr<ast (' B11_20m.jp2')

ndbi(<swimmir)/ (swir+nir)

rgbircast (list(ndti, mndwi ,savi))
pl ot RGB(rgbi,stretch="1in")

library(cluster)
imge(rgbi[[1]],rgbi[[2]],rgbi[[3]])
ar -<values (i mg)
valueswhkich(!is.na(ar))

ar -<na.omit(ar)

Result+ckara(ar, 7, samples=500, metric="manhattan", pamLi ke=T)

kmrasterast (rgbi[[1]])

values(kmrasResdl k$clustering

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

mas k-kmr aster

maskl[maskl == 4 | maskl ==-BA| maskl == 7] <

pl ot (mask1)

filenamepasteO('B",c("22","21","8A"), "_20m.jp2")

swirnirast (filenames)

masked_swi-rmaskswirnir, mask1)

pl ot RGB(masked_swirnir,stretch="1in",axes=TRUE, main="SWI R+SWI R+NI I

rlistt¢<"B02_20m.jp2","B03_20m.jp2","B04_20m.jp2","B05_20m.jp2","BO
"BO7_20m. jp2","B8A_20m. jp2","B11_20m.jp2","B12_20m.jp2")

rlistec"b2","b3","b4","b5","b6","b7", "b8a","bl1","bl2")

sentinehst (rlist)

names( maske-d_lpocsa)2<
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set.seed(1)

sampl es spat Sampl e(sentinel, 3000000, method="random")# ~10%

pca-prcomp(samples_, scale = TRUE)

rm(sampl es_)

pca

pcispredict (sentinel,pca,filename="pcis.tif',overwrite=TRUE)

pcAl<-c(pcis[[1]],pcis[[2]],pcis[[3]],pcis[[4]].pcis[[5]],pcis[[6]]
pcis[[8]] ,pcis[[9]])

pcALI- mask(sentinel, maskl1l)

pl ot RGBAlplesa retch="1in",r=1,9g=2,b=3, axes=TRUE, main="PCA', mar=c(1,1

geobas(epccAd 1 masked_swirnir)/ 17089

pl ot RGB(geobase, stretch="hist', axes=TRUE, mai n=' GEOBASE' , mar=c (1, 1,

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

i mge(geobase[[1]],geobase[[2]],geobase[[3]],9geobase[[4]],geobase]]

geobase[[6]] ,geobase[[7]],9geobase[[8]],geobase[[9]])
ar -<values (i mg)
val uesack

ar[is.na(ar)] = 0

Resultckara(ar, 9, sampl es=500, metric="manhattan", pamLike=T)# 16 mir
Kmrasterm@ast (geobase[[1]])

values(kmrastResQul t<¢cl ustering

kmrasterm@ask(kmraster9, mask1)

plot(kmraster8, | egend=T, axes=F, main="UNSUPERVI SED")

writeRaster(kmraster8,' UNSUPERVI SED. tif', overwrite=TRUE)

l'ibrary(RStool box)

pontosdata.frame(x = ¢(517831,582845,549504, 580941,589457,608259,
y = ¢c(8079732,8018364,8075490, 8017184,8018611,8048353 , 8¢

endmemberexts act (geobase, pontos)

rownames(endmenhérls)t hol1l", "l itho2","litho3","lithod4","lithob5", "

"l'itho7","litho8")
sam- sam(geobase, endmembers, angles = FALSE)
plot(sam, | egend=T, axes=F, main='"SUPERVI SED"')

writeRaster(sam,' SUPERVI SED. ti f"', overwrite=TRUE)
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l'ibrary(terra)

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

set wd(wd)

demrast (' dem. tif")

gradi entteer<rai n(dem, v='"slope' ,unit="radians"')
aspecditestrain(dem,v="aspect' ,unit="radians"')
hshadehade(gradi ente, aspecto, angle=45,direction=270,normalize= TRL
hshadehade(gradiente, aspecto, angle=45,direction=90,normalize= TRU
hshadehade(gradiente, aspecto, angle=45,direction=0,normalize= TRUE
hshadesshade(gradiente, aspecto, angle=45,direction=1800,normalize= T
crestshshadershaXths halths hadde
crests[crests->NA650] <
crests[crest-sl >0] <
plot(crests)
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writeRaster(crests, 'crests.tif', overwrite=TRUE)
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# Auxiliary fMfmsnctio

rgb2grayuaction(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.pky.sample"))
}
i mgdat-ar <und((coefs[1] * x[,,1] + coefs[2] * x[,,2] + coefs[3] *
attr(imgdata, "bits.pmart.ramplbd"t)ss per.sampl e")
attr (imgdat a, "sampl es-.pber.pixel ") <
return(i mgdat a)
}
HHBBHHBBHHB BB H BB H BB HS RS
noi se. fil-tfeunc<ti on( x, n=3, met hod="medi an") {
if (length(dim(x))>2){warning("data must be grayscale i mage")
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} el se{
i f(max(x)<=1){
X <x*(22attr(x,"bits.ple)yr.sample")

}
px -<nrow( x)
py -<ncol ( x)
i mg- «
fo<n % % 2
x_edge_pd mat ki x( NA;1,p xptyt)n
x_edge_plus[ (f+1):(f+px); &f+21): (f+py)] <
rasX matri x(NA,l ength(img), (n*n))
if (method == "median" | method == "mean") {
for (i in 1:n){
for (] in 1:n){
}rasX[,(-r1’3(+ii)-]aKray(X_edge_plU-ﬂDOi,i(GpX-ib)y)*]i)
}
if(method == "median") {
o.img apply(rasX, 1, median,na.rm=T)
dim(o. i-mg()xrow(img), ncol (img))
} else if(method == "mean") {
o.img apply(rasX, 1, mean, na.rm=T)
dim(o. i-mg()xrow(img),ncol (img))
}
} else if (method == "gaussian") {
if(n==3){
gecf-<c(21,2,1,2,4,2,1,2,1)/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,
} else {warning("only }3 or 5 for n")
rasX matri x(NA,l ength(img), (n*n))
for(i in 1:n){
for (] in 1:n){
r}asx[,(-ri’)(ﬂi)-]gsf[n-*l()j+i]*array(X_edge_lal)U)S,[((ji::({lp)sx)*]ii)
}
o.img apply(rasX,1,sum,na.rm=T)
dim(o. i-mg()rrrow(img), ncol (img))
i f(n==3){
o.img[c(1,nrow(o.img)),c(%, ncol (o.img))] <
o.img[c(1l,nrow(o.img)),c(1, ol (o.img))]*16/29

, nc
o.img[c(1, nrow(o.img)) R2)y}(noo0ifmogfcmpyp)nrow(o.img)) 2:(ncol (o.i
1)]*16/ 12
o.img[2: (nrowl)o,.ci(mg,)ncol (o-iomg)mg][] 2< (nrow(o. i mg)
1), c(1,ncol (0o.img))]*16/12
}else i f(n==5){

o.img[c(1,nrow(o.img)),c(%, ncol (o.img))] <
o.img[c(l,nrow(o.img)),c(1l,ncol (0.img))]*256/121

o.img[c(1, nrow(o.img)),<l()d,-nc.oilnfgo[.ci(ng,)hrow(o.img)),<(2,ncol (o0
1)]*256/ 165

o.img[c(2,nrow()ociimghncol (o.-iomg)mg][ c{ 2, nrow(o. i mg)
1), c(1,ncol (o.img))]*256/ 165

o.img[c(1, nrow(o.img)) B)r](nooimMogfcmyp)nrow(o.img)) 3:(ncol (o.i
2)]1*256/ 176

o.img[3:(nrowX)o,.ci(mg,)col (o.-iongi)ymdg[ X: (nrow(o. i mg)
2),c(1,col (o.img))]*256/176

o.img[c(2, (nrewy),dé¢mdy,)(ncotl)o).]img)i mg[c(2, (nrew(o.img)
1)),c(2, (ncotl)o).]li*ng56/ 189

o.img[c(2,nrodw()o3imopxol ¢(d)Jimg)i mg[c(2, nrow(o.img)
1),3:(ncol ¢(d)]'myy56/ 240

o.img[3: (nrowX)o,.ci(nfg,)ncol {19.]i-mog.)i mg[ 3: (nrow(o. i mg)
2),c(2,ncol {lg.]i*mp)6/ 240

} else {
print (NULL)

}

attr(o.img, "bits.pattsdmpl"'dl)Yrs.per.sample")
attr(o.img, "sampl es-apéearr.(xi,Xela'mpd es. per . pixel ")
out-<«ound(o.i mg)

1}

EEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEERXXEE]
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edge. detettunetion(x, threshl=1, thresh2=15, noise="gaussian", noi ¢
met hod="Canny") {
if (length(dim(x))>2){warning("data must be grayscale image")
} else {
mg -
mg. Anoise.filter(img,noise. s, met hod= noi se)

asSXmatri x(NA,l ength(img.ed), 9)
asSYmatri x(NA,l ength(img.ed), 9)
X -<c(1-2-12,0,0,0,2,2,1)/8
y -<c¢1,0,-2,0,-2,0,1)/38
or (i in 1:3){
for (] in 1:3)¢{
rasSX[, ¢Byfij)dsx[3*L)+i]*array(img.n[ (i:{3mr)ow(ji:n(gncnol+(i-i mg. n) +]j
3))1)
rasSY[, ¢ByY«tij)dsy[3cL)y+i]l*array(img.n[ (i:{3r)ow(ji:mgncnol+(-i mg. n) +j
3))1)
}
}
img. sxapply(rasSX, 1, sum)
img. syagply(rasSyY, 1, sum)
di m(i mg.s#g) mgi mg.sg) mgi mg. ed)
img. sxsyYimg.sx"2+img.sy”""2)"*"8maédgnitude of gradient
if(method=="Sobel ") {
out - €£mg. sxsy
} else if(method=="Canny") {
img.thakan(img.sy/img. sx)
img.thO0 mg.th #angles of gradient (0,45,90, 135)
img.thO[abs(img.thO0)- 986 pi*3/8] <
img.thO[abs(img.thO0)0<= pi/8] <
img.thO[img.thO > pi/ 8 & imgd5thO < pi*3/8] <
img.thO[i mg-ptiF®B/8 & i mgpt hB8} <335
#nomaxi mum suppression
img. sxsy- mht ki x(0,nrow(img), ncol (img))
img. sxsy.bl[2:(C-b)yp&(({ mgdtL)ilmgd mg. sxsy
raslL- matri x(NA,l ength(img.sxsy), 9)
for (i in 1:3)¢{
for (] in 1:3)¢{
rasL[, (-3 @ji )] arkray(img.sxsy.bl [ (i:{3mr)ow(ji:n(gncnol+(i-iBmgJ]n) +j
}
}
rasLj matrix(0,l ength(img.sxsy), 4)
rasLj[which(rasL[,5] > rasL[,4] & rasiL[,5] > raslL[,6]),3] <
rasLj[which(rasL[,5] > rasL[,7] & rasib[,5] > raslL[,3]),4] <
rasLj[which(rasL[,5] > raslL[,2] & raslL[,5] > rasL[,8]),1] <
rasLj[which(rasL[,5] > raslL[,1] & raslL[,5] > rasL[,9]),2] <
img.tdarkray(img. sxsy)
img.tl [which(img-=-tihmg=s=sX)sly[which(img.thO0O==0)]*rasLj[which(img.th
img.tl[which(img.ththg=4%3y[which(img.thO==45)]*rasLj[which(img.'t
img.tl [which(img.th0mg98xksyfwhich(img.th0==90)]*rasLj[which(i mg.
img. tl [ which(i mg. t-hiOneg=.1s3x5s)y][ wshi ch (i mg. t h0==135)]*rasLj[which(i mg
di m(img.tHd) mgi mg. sxsy)
#hysteresis threshol d
mxth- ort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(inm
mnt h- ort (img.tl[which(img.tl!=0)])[round(length(img.tl[which(im
img. bnOi mg. bnlma<t ri x( 0, nrow(img.tl)+2,ncol (img.tl)+2)
img. bnO[2: (nrowl) mg: bnoOdl (i-lmpy] baOng. bnl[2: (nrow(i mg. bno0)
1),2:(ncol (i-inp] baong. t |
img. bnO[ which(img. bn00<= mnth)] <
img. bnO[which(img.br0 > mnth)] <
img. lbmatrix(0,nrow(img.tl)+2,ncol (img.tl)+2)
ren8 Kbind{lc-@), €, 0) (1), clP) £#®dnnected area
k =<0
for (i in 2:(nrowl()i)ym{g. bno0)
for (] in 2:(ncotl)i)yq{g. bno0)
z8 -<t (c(i,j)+t(ren8))
if(img.bnof[i,]j]==0)({
}else i f(img.bnO[i,j]==1 && sum(img.bn0[z8]==0)==4) {
k <k+1
img. |l b[i- k] <
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resulfocal (aspecto, w=5, fun=median, na.pr m=TRUE)
h<as.integer(values(resul))
hh<array(h,c(dim(resul)[1],dim(resul)[2], 3))

hh[is.na(-Bh)] <

hi<<gb2gray(hh)

edgedge. detect (hi,threshl1=40, thresh2=60, noise="median", noise.s:
r<rast(nrows=dim(edg)[1],ncols=dim(edg)[2],crs=crs(resul),ext=ext/(
a<as.vector(edg)

finalsetValues(r, a)

final [finaINA=0] <

plot(final)
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writeRaster(final,"'"lines.tif', overwrite=TRUE)
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l'ibrary(terra)

wd< C: / Users/ User/ Desktop/ R al go'
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set wd(wd)

demrkast (' dem. tif")

gradi entteer<rai n(dem, v='"slope' ,unit="radians"')
aspectitoesrain(dem,v="aspect' ,unit="radians"')
hshadehade(gradiente, aspecto, angle=45,direction=270,normalize= TRL
hshadkethade(gradiente, aspecto, angl 45, direction=90, normalize= TRU
hshadehade(gradiente, aspecto, angl 45, direction=0,normalize= TRUE
hshadeshade(gradiente, aspecto, angl 45, direction=1800, normalize= T
crestshsshadehshaz+hshal3dehs hadde

crests[crests->NA650] <

crests[crest-sl >0] <

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

® ® @
Inomn

HHHBBHHB B RSB HH BB H R HURRH

# Auxiliary fMmsesnctio

rgb2grayusaction(x, coefs=c(0.30, 0.59, 0.11)) {
i i Xx))) stop("image must have rgb t
))<3) stop("image must have rghb
{

N - o
<

i f( i m(
ifo( m( x
it ( 1)

> Ao~

|
h
)
(2~(attr(x,"bits. pe)y.sample"))

}

i mgdat-ar <und((coefs[1] * x[,,1] + coefs[2] * x[,,2] + coefs[3] *
attr (i mgdat a, "bits.part.ramplbd"t)ss per. sampl e")

attr (i mgdat a, "samples-.ber.pixel ") <

return(imgdata)

HHHBHAHBHHABRHHBH AR HHBRHHHRSR

# #

i fil-tfeurnc<t i on( x, n=3, met hod="medi an") {
n
{

#
o}
f gth(dim(x))>2){warning("data must be grayscale image")

— =5 H

#
s
(e
el e
i f(max(x)<=1){

X <x*(27~attr (x,"bits.ple)r. sampl e")

#
e
|
S
m

}

px -<nrow( x)
py -<ncol ( x)
i m

f %l % 2
X

X

.

i

X ( NA:1, p xptynt)n

+1): (f+px)s kf+1): (f+py)] <
e
e

nw oo AQ

ngth(img), (n*n))
"medi an" | met hod == "mean") {

j in 1:n){
rasX[, (n)@¢ji)]array(x_edge_plud)0i ((pxply)rl)

i f(method == "median") {
o.img apply(rasX, 1, median,na.rm=T)
di m(o. i-mg()rxrow(img), ncol (i mg))
} else if(method == "mean") {
o.img apply(rasX, 1, mean,na.rm=T)
di m(o. i-mg()rrrow(img), ncol (i mg))
}
} else if (method == "gaussian") {
i f(n==3)
,1,2,4,2,1,2,1)/16
)

gcf-<c (1, 4, , ,1,4,16,24,16,4,6,24,36,24,6,4,16,24,16, 4,1, 4,6,
} else {warning("only }3 or 5 for n")

rasX matri x(NA,l ength(img), (n*n))

for (i in 1:n){

for (] in 1:n){

rasX[, (-A)¢ji ) gef [ nxlQj+i ] *array(x_edge_pl)s,[(j  CpwHli)

g apply(rasX,1l,sum,na.rm=T)
0 -mg()xrow(img),ncol (img))
= {

1 co <
| i

, n 0.
(o. )

I ( img) )]
mg ) ) ] 16/ 9
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o.img[c(1, nrow(o.img)) R2)x}(nhooifmofcmy)nrow(o.img)) 2:(ncol (o.i
1)]*16/ 12

o.img[2: (nrowl)o,.ci(mg,)ncol (o.-iomg)mg][] 2< (nrow(o. i mg)
1), c(1,ncol (o.img))]*16/12
}else i f(n==5){

o.img[c(l,nrow(o.img)),c(t, ncol (o0o.img))] <
o.img[c(1l,nrow(o.img)),c(1l,ncol (0o.img))]*256/121

o.img[c(1, nrow(o.img)),<1()d,-noc.oilnfgo[.ci(nlg,)nrow(o.img)),<(2,ncol (o0
1)]*256/ 165

o.img[c(2,nrovd()ocimghncol (o-iomg)mg][ c{ 2, nrow(o.img)
1), c(1,ncol (0o.img))] *256/ 165

o.img[c(1, nrow(o.img)) B)x](nooimgfcmy)nrow(o.img)) 3:(ncol (o.i
2)]*256/ 176

o.img[3:(nrowX)o,.ci(mMg,)col (o.-iongi)md[ X: (nrow(o. i mg)
2)y,c(1,col (o0o.img))]*256/ 176

o.img[c(2, (nrewy),.e¢Mmy,)(ncotl)o).]img)i mg[c(2, (nrew(o.img)
1)), c(2, (ncotl)o).]li*ng56/ 189

o.img[c(2, nrod()o3imaoxol ¢(d)Jimg)i mg[c(2, nrow(o. i mg)
1),3:(ncol ¢2)]"my56/ 240

o.img[3: (nrowX)o,.ci(nfg,)ncol {19.]i-mog.)i mg[ 3: (nrow(o. i mg)
2),c(2,ncol {lg.]i*mp)6/ 240

} else {
print (NULL)

}

attr (o.i mg, "bits.pattsdmpl'dlxs. per.sample")

attr(o.img, "sampl es-apdrr.(xi,Xela'mpd es. per . pixel ")
out-<sound(o. i mg)

}}

HHHBHAHBHBH BB A B HBHBH AR A AR B HBH BB HBHBH

edge. detettunetion(x, threshl=1, thresh2=15, noise="gaussian", noi s
met hod="Canny")

if (length(dim(x))>2){warning("data must be grayscale i mage")
} I se {

i mg-

img. nnoise.filter(img,noise.s, method= noise)

i
i
img.edimg[2: (nrow()idg)X ncotl)ilmg)
rasSX matri x(NA,l ength(img.ed), 9)
rasSY matri x(NA,l ength(img.ed), 9)
sx -<c(1,-2-12,0,0,0,212,2,1)/38
sy -<c¢1,0,-2,0,-2,0, 1)/38
for (i in 1:3)¢{

for(j in 1:3){

rasSX[, ¢Byfij)dsx[3*L)+i]*array(img.n[ (i: {3nr)o,w(ji:n(gncnol+(i-i mg. n) +j
3))1)

rasSY[, ¢Byfij)dsy¥[3*L)+i]*array(img.n[ (i: {3nr)ow(ji:n(gncnol+(i-i mg. n) +]j
3))1)

}
}
img. sxagply(rasSX, 1, sum)
img. syagply(rassSyYy, 1, sum)
di m(i mg.s#d) mgi mg.sg) mgi mg. ed)
img. sxsyYimg.sx"2+img.sy”""2)"*"8#maédgnitude of gradient
if(method=="Sobel ") {
out - €£mg. sxsy
} else if(method=="Canny") {
img.thakan(img.sy/img. sx)
img.thOi mg.th #angles of gradient (0,45,90, 135)
img.thO[abs(img.thO0)- 986 pi*3/8] <
img.thO[abs(img.thO0)0<= pi/ 8] <
img.thO[img.thO > pi/ 8 & imgdSthO0O < pi*3/8] <
i

mg.thO[i mg-ptiF@B/8B & i mgpt hB8]} <35

#nomaxi mum suppression

img. sxsy-tmht ki x(0,nrow(img),ncol (img))
img.sxsy.bl[2: (Coyo@&(({ mgdtl)ilmgd mg. sxsy

rasl- matri x(NA,l ength(img.sxsy), 9)

for (i in 1:3){

for (] in 1:3){

rasL[, (-A%@ji )d arkray(img.sxsy.bl [ (i:{3mr)ow(ji:n(gncnol+(i-iBmgJ]n) +]j
}
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rasLjmatrix(0,l ength(img.sxsy), 4)
rasLj[which(rasL[,5] > rasL[,4] & raslL[,5] > rasL[,6]), 3]
rasLj[which(rasL[,5] > rasL[,7] & raslL[,5] > rasL[,3]), 4]
rasLj[which(rasL[,5] > rasL[,2] & raslL[,5] > rasL[,8]), 1]
rasLj[which(rasL[,5] > rasL[,1] & raslL[,5] > rasL[,9]), 2]
img.tdarkray(img. sxsy)
img.tl [ which(img-tibhgs=sX)sly[swhich(img.thO0==0)]*rasLj[which(img.th!
img.tl [which(img.4t4hthg=d4%3y[which(img.thO==45)]*rasLj[which(img.'t
img.tl [which(img.4ho0mg98@xksyfwhich(img.th0==90)]*rasLj[which(img.
img.tl [ which(i mg. t-hiOneg=.1s3x5s)y][ wshi ch (i mg. th0==135)]*rasLj[which(i mg
di m(img.+td) mgi mg. sxsy)
#hysteresis threshol d
mxth «ort(img.tl[which(img.tl!=0)])[round(length(img.tl[which(im
mnt h- ort (img.tl[which(img.tl!=0)])[round(length(img.tl[which(im
img. bnOi mg. bnlmatri x( 0, nrow(img.tl)+2,ncol (img.tl)+2)
img. bnO[2: (nrowl) m3g: bnodl (i-lmy] bwbng. bnl[2: (nrow(i mg. bno)
1), 2:(ncol (i-ing] b@ong. t |
img. bnO[which(img.bn00<= mnth)] <
img. bn0O[which(img.brQ > mnth)] <
img. lbmatrix(0, nrow(i mg. tI)+2,ncoI(img.tI)+2)
ren8 <bind{lc-l), e€l, 0) (1), clpP) #®&nnected area
k =<0
for(i in 2:(nrowl()i)m{g. bno0)
for(j in 2:(ncotl)i)m{fg. bn0)
z8 <t(c(i,j)+t(ren8))
if(img.bnoO[i,j]l]==0){
telse if(img.bnoO[i,j]l==1 && sum(img.bn0[z8]==0)==4){
k <k+1
img. |l b[i- k] <
el se {
z|l -<z8[ which (img.Ilb[z8] !'= 0),,drop=F]
z. |l b-ikmg. |l b[zl]]
z. |l b-xort(z.lb[!duplicated(z.1b)])
img. Il b[isEg]l B[1]
if(length(z.1lb)>1){
for (I in 2:1length(z.1Db)){
img. |l b[which(img. |l b==z.Ibd[11]])] <
}
}
}
}
}
img. bnimg. I Db
I'b -<sort (img. |l b[!duplicated(array(img.lb))])
I'b -<l b{1]
for (i in 1b){
if(length(which(img.bnl[which(img.|lb==i)]>mxth))==0){
img. bn[which(img-.0b==i)] <
el se {
img. bn[which(img-.1b==i)] <
}
}
img. bnimg. bn[2: (nrow{liymg@.:Akm&)o!l (i-iny] bnO0)
out - € mg. bn
}el se {
print (NULL)
P}
resulfocal (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(-Bh)] <

hi< gb2gray(hh)

edgedge. detect (hi,threshl1=40, thresh2=60, noise="median", noise.s:
r<rast(nrows=dim(edg)[1],ncol s=dim(edg)[2],crs=crs(resul),ext=ext(
a<as.vector(edg)

finalset Values(r, a)

plot(final)

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