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Online Resource 2. Python, MeshLab, GPSA2, and R Code examples in relation to the methods used in the above publication. File includes scripts for:
1. MeshLab Filter Script – Cleaning
2. PyMeshLab Code – Cleaning
3. MeshLab Script – 100k Decimation
4. MeshLab Filter Script – Isotropic Resampling
5. PyMeshLab Python Code – Curvature Calculation
6. GPSA Configuration File Example
7. R Analysis Code




MeshLab Filter Script – Cleaning
<!DOCTYPE FilterScript>
<FilterScript>
 <filter name="Remove Duplicate Faces"/>
 <filter name="Remove Duplicate Vertices"/>
 <filter name="Remove Unreferenced Vertices"/>
 <filter name="Remove Zero Area Faces"/>
</FilterScript>

PyMeshLab Code – Cleaning
    ms.meshing_repair_non_manifold_edges(method = 0)
    ms.meshing_remove_duplicate_faces()
    ms.meshing_remove_unreferenced_vertices()
    ms.compute_normal_for_point_clouds()
        
MeshLab Script – 100k Decimation
<!DOCTYPE FilterScript>
<FilterScript>
 <filter name="Simplification: Quadric Edge Collapse Decimation">
  <Param tooltip="The desired final number of faces." name="TargetFaceNum" type="RichInt" value="100000" description="Target number of faces"/>
  <Param tooltip="If non zero, this parameter specifies the desired final size of the mesh as a percentage of the initial size." name="TargetPerc" type="RichFloat" value="0" description="Percentage reduction (0..1)"/>
  <Param tooltip="Quality threshold for penalizing bad shaped faces.&lt;br>The value is in the range [0..1]&#xa; 0 accept any kind of face (no penalties),&#xa; 0.5  penalize faces with quality &lt; 0.5, proportionally to their shape&#xa;" name="QualityThr" type="RichFloat" value="0.3" description="Quality threshold"/>
  <Param tooltip="The simplification process tries to do not affect mesh boundaries during simplification" name="PreserveBoundary" type="RichBool" value="true" description="Preserve Boundary of the mesh"/>
  <Param tooltip="The importance of the boundary during simplification. Default (1.0) means that the boundary has the same importance of the rest. Values greater than 1.0 raise boundary importance and has the effect of removing less vertices on the border. Admitted range of values (0,+inf). " name="BoundaryWeight" type="RichFloat" value="1" description="Boundary Preserving Weight"/>
  <Param tooltip="Try to avoid face flipping effects and try to preserve the original orientation of the surface" name="PreserveNormal" type="RichBool" value="true" description="Preserve Normal"/>
  <Param tooltip="Avoid all the collapses that should cause a topology change in the mesh (like closing holes, squeezing handles, etc). If checked the genus of the mesh should stay unchanged." name="PreserveTopology" type="RichBool" value="false" description="Preserve Topology"/>
  <Param tooltip="Each collapsed vertex is placed in the position minimizing the quadric error.&#xa; It can fail (creating bad spikes) in case of very flat areas. &#xa;If disabled edges are collapsed onto one of the two original vertices and the final mesh is composed by a subset of the original vertices. " name="OptimalPlacement" type="RichBool" value="true" description="Optimal position of simplified vertices"/>
  <Param tooltip="Add additional simplification constraints that improves the quality of the simplification of the planar portion of the mesh, as a side effect, more triangles will be preserved in flat areas (allowing better shaped triangles)." name="PlanarQuadric" type="RichBool" value="false" description="Planar Simplification"/>
  <Param tooltip="How much we should try to preserve the triangles in the planar regions. If you lower this value planar areas will be simplified more." name="PlanarWeight" type="RichFloat" value="0.001" description="Planar Simp. Weight"/>
  <Param tooltip="Use the Per-Vertex quality as a weighting factor for the simplification. The weight is used as a error amplification value, so a vertex with a high quality value will not be simplified and a portion of the mesh with low quality values will be aggressively simplified." name="QualityWeight" type="RichBool" value="false" description="Weighted Simplification"/>
  <Param tooltip="After the simplification an additional set of steps is performed to clean the mesh (unreferenced vertices, bad faces, etc)" name="AutoClean" type="RichBool" value="true" description="Post-simplification cleaning"/>
  <Param tooltip="The simplification is applied only to the selected set of faces.&#xa; Take care of the target number of faces!" name="Selected" type="RichBool" value="false" description="Simplify only selected faces"/>
 </filter>
</FilterScript>

MeshLab Filter Script – Isotropic Resampling
<!DOCTYPE FilterScript>
<FilterScript>
 </filter>
 <filter name="Remeshing: Isotropic Explicit Remeshing">
  <Param tooltip="Number of iterations of the remeshing operations to repeat on the mesh." name="Iterations" description="Iterations" value="3" type="RichInt"/>
  <Param tooltip="Toggles adaptive isotropic remeshing." name="Adaptive" description="Adaptive remeshing" value="false" type="RichBool"/>
  <Param tooltip="If checked the remeshing operations will be applied only to the selected faces." name="SelectedOnly" description="Remesh only selected faces" value="false" type="RichBool"/>
  <Param tooltip="Sets the target length for the remeshed mesh edges." min="0" name="TargetLen" description="Target Length" max="1.32167" value="0.006608" type="RichAbsPerc"/>
  <Param tooltip="Minimum angle between faces of the original to consider the shared edge as a feature to be preserved." name="FeatureDeg" description="Crease Angle" value="30" type="RichFloat"/>
  <Param tooltip="If toggled each local operation must deviate from original mesh by [Max. surface distance]" name="CheckSurfDist" description="Check Surface Distance" value="false" type="RichBool"/>
  <Param tooltip="Maximal surface deviation allowed for each local operation" min="0" name="MaxSurfDist" description="Max. Surface Distance" max="1.32167" value="0.013217" type="RichAbsPerc"/>
  <Param tooltip="If checked the remeshing operations will include a refine step." name="SplitFlag" description="Refine Step" value="true" type="RichBool"/>
  <Param tooltip="If checked the remeshing operations will include a collapse step." name="CollapseFlag" description="Collapse Step" value="true" type="RichBool"/>
  <Param tooltip="If checked the remeshing operations will include a edge-swap step, aimed at improving the vertex valence of the resulting mesh." name="SwapFlag" description="Edge-Swap Step" value="true" type="RichBool"/>
  <Param tooltip="If checked the remeshing operations will include a smoothing step, aimed at relaxing the vertex positions in a Laplacian sense." name="SmoothFlag" description="Smooth Step" value="true" type="RichBool"/>
  <Param tooltip="If checked the remeshing operations will include a step to reproject the mesh vertices on the original surface." name="ReprojectFlag" description="Reproject Step" value="true" type="RichBool"/>
 </filter>
</FilterScript>

PyMeshLab Python Code – Curvature Calculation
import pymeshlab as ml
import numpy as np
import gc
import os
from os import listdir
from os.path import isfile, join
from pathlib import Path

mypath="F:\PhotoVAbound\Analysis Set 3 - Cleaned"            
# iterate over files
for filename in os.listdir(mypath):
    f = os.path.join(mypath, filename)

    # 1. Load the mesh
    ms = ml.MeshSet()
    ms.load_new_mesh(f)

    file = Path(filename).stem
    print("mesh loaded")
    print(file)

    ms.meshing_repair_non_manifold_edges(method = 0)
    ms.meshing_remove_duplicate_faces()
    ms.meshing_remove_unreferenced_vertices()
    ms.compute_normal_for_point_clouds()
        
    print("script application done")

    # 2. Compute the curvature (e.g., Principal Curvatures K1 & K2, Mean, or Gaussian)
    ms.compute_curvature_principal_directions_per_vertex(method = 3, curvcolormethod = 1)
    print("curve computation done")

    # 3. Extract the curvature values from the active mesh
    # (MeshLab stores curvature as a per-vertex quality value)
    m = ms.current_mesh()
    vertex_quality = m.vertex_scalar_array()
        
        # 4. Compute Statistics
    curvature_stats = np.array([file, np.min(vertex_quality), np.max(vertex_quality), np.mean(vertex_quality), np.sqrt(np.mean(vertex_quality**2)), np.median(vertex_quality), np.std(vertex_quality), np.var(vertex_quality)])

    newname = "F:\PhotoVAbound\Aligned Projects - Original Models\CurvatureStats" + "\CurvStats_" + file + ".txt"

    np.savetxt(newname, curvature_stats, fmt = "%s")
        
    print("text saved")

    #Clean up to save memory
    ms.clear()
    del ms  
    gc.collect()

GPSA Configuration File Example
threadCount = 4
shapeDescriptors = true
shapeDescriptorWeight = 0.001
landmarkDescriptors = false
landmarkDescriptorWeight = 0
landmarkCount = 0
resistantFit = true
prototypeSmoothing = true
prototypeSmoothingKpb = 0.01
prototypeSmoothingN = 1000
homologizationSmoothing = true
homologizationSmoothingKpb = 0.01
homologizationSmoothingN = 50
terminationCondition = 0.005
initialization = 2
projectionCutoff = 0.01
projectionWeightA = 1.0
projectionWeightB = 5.0
areaWeightColorMaps = true
colorPalette = Viridis
storeExtraSuperimpositionOutput = false
storeSuperImposedSurfaces = false
storeHomologizedSurfaces = false
storeMeanSurface = true
storeVarianceHeatmap = true
heatMapLowerLimit = 1
heatMapUpperLimit = 99
storeProjectionsA = false
storeProjectionsB = false
storeOrdinationData = false
storeSuperimposedSurfacesDistanceMatrix = true
storeHomologizedSurfacesDistanceMatrix = true
storeSuperimposedToMeanDistances = false
storeHomologizedToMeanDistances = false
storeSuperimposedToHomologizedDistances = false
storeMeanCentroidSizeValues = true
storeDataLabels = true
storeHomologizedPointsArray = true
storeMeanLandmarksArray = false
storeSuperimposedSampleLandmarksArray = false
dataInputDirectory = F:\PhotoVAbound\Analysis Set 3 - Cleaned\ResavedVersions\
dataOutputDirectory = F:\PhotoVAbound\GPSA Output\GPSAAlignedOriginals\
prototypeFilename = _C__CMS-12-Abound.ply
sampleFilenames = {_C__CMS-01-Abound.ply, _C__CMS-01_DSLR.ply, _C__CMS-02-Abound.ply, _C__CMS-02_DSLR.ply, _C__CMS-03-Abound.ply, _C__CMS-03_DSLR.ply, _C__CMS-04-Abound.ply, _C__CMS-04_DSLR.ply, _C__CMS-05-Abound.ply, _C__CMS-05_DSLR.ply, _C__CMS-06-Abound.ply, _C__CMS-06_DSLR.ply, _C__CMS-07-Abound.ply, _C__CMS-07_DSLR.ply, _C__CMS-08-Abound.ply, _C__CMS-08_DSLR.ply, _C__CMS-09-Abound.ply, _C__CMS-09_DSLR.ply, _C__CMS-10-Abound.ply, _C__CMS-10_DSLR.ply, _C__CMS-11-Abound.ply, _C__CMS-11_DSLR.ply, _C__CMS-12-Abound.ply, _C__CMS-13-Abound.ply, _C__CMS-13_DSLR.ply, _C__CMS-14-Abound.ply, _C__CMS-14_DSLR.ply, _C__CMS-15-Abound.ply, _C__CMS-15_DSLR.ply, _C__CMS-16-Abound.ply, _C__CMS-16_DSLR.ply, _C__CMS-17-Abound.ply, _C__CMS-17_DSLR.ply, _C__CMS-18-Abound.ply, _C__CMS-18_DSLR.ply, _C__CMS-19-Abound.ply, _C__CMS-19_DSLR.ply, _C__CMS-20-Abound.ply, _C__CMS-20_DSLR.ply, _C__CMS-21-Abound.ply, _C__CMS-21_DSLR.ply, _C__CMS-22-Abound.ply, _C__CMS-22_DSLR.ply, _C__CMS-23-Abound.ply, _C__CMS-23_DSLR.ply, _C__CMS-24-Abound.ply, _C__CMS-24_DSLR.ply, _C__CMS-25-Abound.ply, _C__CMS-25_DSLR.ply, _C__CMS-26-Abound.ply, _C__CMS-26_DSLR.ply, _C__CMS-27-Abound.ply, _C__CMS-27_DSLR.ply, _C__CMS-28-Abound.ply, _C__CMS-28_DSLR.ply, _C__CMS-29-Abound.ply, _C__CMS-29_DSLR.ply, _C__CMS-30-Abound.ply, _C__CMS-30_DSLR.ply}
landmarkFilename = none
prototypeLandmarkIndex = 0
landmarkFileIndexArray = {0}

R Analysis Code
# Publication: Comparison of smartphone and DSLR photogrammetry methods for rapid mesh creation and implications for geometric morphometric analysis. 
# Code Author: Christina M. Sluka
# Last Updated: July 2026
# Some code modified from that provided by Lanzetti et al.(2022)

#CH.1 - LOAD LIBRARIES ----
library(geomorph)
library(dplyr)
library(ggplot2)
library(tidyr)
library(tidyverse)
library(Morpho)
require(sf)
require(stringr)
require(data.table)
require(RRPP)
require(ggpubr)


####################################################################
####                    ORIGINALs
###############Metashape DSLR vs Abound DSLR ########################

setwd()

#Import
raw_dat <- fread("Orig_Software_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names<-as.data.frame(names[,c(3:5)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names$V3, names$V4, "_", names$V5)
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  

rm(list = ls())
gc()


####################################################################
####                   ORIGINALS
###############Abound DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Orig_Camera_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V5[names$V5==""]<-names$V3[names$V5==""]
names$V3[names$V3!="Abound"]<-"Abound"
names<-as.data.frame(names[,c(3:5)])
raw_dat$code <- paste0(names[,1], names[,2], "_", names[,3])
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Camera, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()


####################################################################
####                   Originals
###############Metashape DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Orig_Both_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V5[names$V5==""]<-names$V3[names$V5==""]
names$V3[names$V3!="Metashape"]<-"Abound"
names<-as.data.frame(names[,c(3:5)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names[,1], names[,2], "_", names[,3])
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()



####################################################################
####                    DECIMATED
###############Metashape DSLR vs Abound DSLR ########################

setwd()

#Import
raw_dat <- fread("Dec_Software_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names<-as.data.frame(names[,c(4:6)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names$V4, names$V5, "_", names$V6)
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)

#remove the shape array to save memory
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  

##Clear memory before next set
rm(list = ls())
gc()




####################################################################
####                   DECIMATED
###############Abound DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Dec_Camera_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V6[names$V6==""]<-names$V4[names$V6==""]
names$V4[names$V4!="Abound"]<-"Metashape"
names<-as.data.frame(names[,c(4:6)])
raw_dat$code <- paste0(names$V4, names$V5, "_", names$V6)
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Camera, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()



####################################################################
####                   DECIMATED
###############Metashape DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Dec_Both_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V6[names$V6==""]<-names$V4[names$V6==""]
names$V4[names$V4!="Metashape"]<-"Abound"
names<-as.data.frame(names[,c(4:6)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names[,1], names[,2], "_", names[,3])
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()



####################################################################
####                    ISOTROPIC
###############Metashape DSLR vs Abound DSLR ########################

setwd()

#Import
raw_dat <- fread("Iso_Software_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names<-as.data.frame(names[,c(4:6)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names$V4, names$V5, "_", names$V6)
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)

rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()




####################################################################
####                   ISOTROPIC
###############Abound DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Iso_Camera_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V6[names$V6==""]<-names$V4[names$V6==""]
names$V4[names$V4!="Abound"]<-"Metashape"
names<-as.data.frame(names[,c(4:6)])
raw_dat$code <- paste0(names$V4, names$V5, "_", names$V6)
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Camera, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()



####################################################################
####                      ISOTROPIC
###############Metashape DSLR vs Abound Iphone ########################

setwd()

#Import
raw_dat <- fread("Iso_Both_homologized_points.txt", sep = " ")

#Add column with specimen code to shape data, needed to assign row names later
names<-read.delim("labels.txt", header = F)
names<-as.data.frame(str_split(names[,1], "_",simplify = T))
names$V6[names$V6==""]<-names$V4[names$V6==""]
names$V4[names$V4!="Metashape"]<-"Abound"
names<-as.data.frame(names[,c(4:6)])
names[,3]<-as.data.frame(str_split(names[,3], "Skull",simplify = T))[1]
raw_dat$code <- paste0(names[,1], names[,2], "_", names[,3])
colnames(names)<-c("Software","Camera","ID")

#Create data frame with only numerical values for shape and set row names as specimen code
raw_dat <- remove_rownames(raw_dat) #remove automatic row names
raw_dat <- data.frame(column_to_rownames(raw_dat, var = "code")) #add row names to data frame
has_rownames(raw_dat) #check that now it has rownames

#Transform in 3D array, first number is number of landmarks, second is dimensions (3)
#To find the number of landmark points, divide the number of variables in raw_dat - visible in Environment - by 3
shape_array <- arrayspecs(raw_dat, ncol(raw_dat)/3 , #number in raw_dat divided by 3
                          3) #number of dimensions

#Make Geodf
gdf <- geomorph.data.frame(coords = shape_array, 
                           ID = names$ID, 
                           Software = names$Software,
                           Camera = names$Camera)
rm(shape_array)
gc()

#### RRPP Model ######
m<-procD.lm(coords~ID+Software, data = gdf, RRPP = T, SS.type = "III")
summary(m)  # results
plot(m)     #diagnostic plots
plot(resid(m))  #residual plot
hist(resid(m))  #residual histogram  
##model is fine, issues stem from outliers but outliers are biological likely so left in

##Clear memory before next set
rm(list = ls())
gc()



