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Figure 5.9: ICA with PCA Algorithm Tracking Frame to Frame with Failure on Frame 22
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Figure 5.10: ICA with PCA Algorithm Tracking Frame to Frame with Error Image Exit Criterion:
Failure on Frame 23
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Figure 5.11: Comparison of the Number of Iterations Used to Track Frames with the ICA with
PCA Algorithm and the ICA Algorithm with an Error Stopping Rule
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Figure 5.12: PCA within ICA with PCA Algorithm Tracking Frame to Frame with Error Image
Exit Criterion: Failure on Frame 33
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Appendix A

Computer Vision Tracking with R

“OpenCV” (Open Source Computer Vision) is an open source library of computer vision and

tracking programming functions that is easily acquired and ideal for use in the tracking problems

addressed in this thesis. However, as we wished to “reinvent the wheel” in order to fully understand

the minutiae involved in coding tracking algorithms, we started from scratch in R. We present some

basic algorithms here in case they may others in the future.

A.1 The Lucas-Kanade Algorithm

A.1.1 Einstein with a Simple Translation Warp

### LK algorithm for Einstein using jpegs

### Pure translation warp only

## install jpeg package

#install.packages("jpeg")

# load jpeg library

library("jpeg")

# read in images

img<-readJPEG("Figures/einstein.jpg")

template<-readJPEG("Figures/einstein_face.jpg") #warning, t and T are reserved
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# even though images are greyscale, the greys are specified in RGB

# triples with equal R, G, and B. Re-specify as intensities in [0,1]

img<-img[,,1]

template<-template[,,1]

# Currently img is stored as a matrix so that img[1,1] is in

# the upper left corner and img[1,2] is one pixel to the right.

# However, to plot with "image", must turn things around. This

# also happens to be Cartesian space.

img<-t(img[nrow(img):1,])

template<-t(template[nrow(template):1,])

# height and width of image and template

width<-dim(img)[1]

height<-dim(img)[2]

w<-dim(template)[1]

h<-dim(template)[2]

# display image

par(mar=c(1,1,1,1))

image(1:width,1:height,img, axes = FALSE, col = grey(seq(0, 1, length = 256)),

asp=1.05,main="",xlab="",ylab="")

# Compute the image gradient; need dummy border pixels.

hold<-matrix(0,(width+2),(height+2))

hold[2:(width+1),2:(height+1)]<-img

hold[,1]<-hold[,2]
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hold[,(height+2)]<-hold[,(height+1)]

hold[1,]<-hold[2,]

hold[(width+2),]<-hold[(width+1),]

Ix<-matrix(0,width,height)

for(i in 2:(width+1)){

Ix[(i-1),]<-(hold[(i+1),2:(height+1)]-hold[(i-1),2:(height+1)])/2

}

Iy<-matrix(0,width,height)

for(i in 2:(height+1)){

Iy[,(i-1)]<-(hold[2:(width+1),(i+1)]-hold[2:(width+1),(i-1)])/2

} #Cartesian

# initial position for template

p<-c(180,400) #initial guess for p

ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

# plot template on top (don’t greyscale so can see)

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,

alpha = 0.4))

readline(prompt = "Pause. Press <Enter> to continue...")

epsilon = 10^(-10)



61

deltapnorm<-1 #arbitrary but larger than epsilon

while(deltapnorm>epsilon)

{

# Find values of pixels for image in the current template rectangle

# position NOTE 1: Will have an error if upper right pixel + (1,1) goes

# off image-- not coding this for the sake of clarity. NOTE 2: Currently

# img is in "matrix space". Switch to Cartesian space to find pixels in

# terms of xy-coordinates. NOTE 3: For a matrix A in R, A[3.9,5.7] will

# truncate indices and return A[3,5].

fracx <- ll[1]-floor(ll[1])

fracy<-ll[2]-floor(ll[2])

imgatwarp<-(1-fracx)*(1-fracy)*img[ll[1]:ur[1],ll[2]:ur[2]]+

fracx*(1-fracy)*img[(ll[1]+1):(ur[1]+1),ll[2]:ur[2]]+

(1-fracx)*fracy*img[ll[1]:ur[1],(ll[2]+1):(ur[2]+1)]+

fracx*fracy*img[(ll[1]+1):(ur[1]+1),(ll[2]+1):(ur[2]+1)]

# find the error image

errorimage<-template-imgatwarp

# Find values of pixels for gradient in the current template rectangle

# position.

gradatwarpx<-(1-fracx)*(1-fracy)*Ix[ll[1]:ur[1],ll[2]:ur[2]]+

fracx*(1-fracy)*Ix[(ll[1]+1):(ur[1]+1),ll[2]:ur[2]]+

(1-fracx)*fracy*Ix[ll[1]:ur[1],(ll[2]+1):(ur[2]+1)]+

fracx*fracy*Ix[(ll[1]+1):(ur[1]+1),(ll[2]+1):(ur[2]+1)]

gradatwarpy<-(1-fracx)*(1-fracy)*Iy[ll[1]:ur[1],ll[2]:ur[2]]+

fracx*(1-fracy)*Iy[(ll[1]+1):(ur[1]+1),ll[2]:ur[2]]+

(1-fracx)*fracy*Iy[ll[1]:ur[1],(ll[2]+1):(ur[2]+1)]+
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fracx*fracy*Iy[(ll[1]+1):(ur[1]+1),(ll[2]+1):(ur[2]+1)]

# Jacobian is identity matrix so omit.

# Find "bigsum" from Step 6 of LK algorithm.

bigsum<-matrix(0,2,1)

bigsum[1,1]<-sum(gradatwarpx*errorimage)

bigsum[2,1]<-sum(gradatwarpy*errorimage)

# find Hessian

H<-matrix(0,2,2)

H[1,1]<-sum(gradatwarpx^2)

H[1,2]<-sum(gradatwarpx*gradatwarpy)

H[2,1]<-H[1,2]

H[2,2]<-sum(gradatwarpy^2)

# find change in parameters

deltap<-solve(H)%*%bigsum

# new p

p<-p+t(deltap)

# norm of deltap

deltapnorm<-sqrt(deltap[1]^2+deltap[2]^2)

print(noquote(paste("deltapnorm =",round(deltapnorm,5))))

# replot underlying image

image(ll[1]:ur[1],ll[2]:ur[2],imgatwarp,add=T,col = grey(seq(0, 1, length = 256)))

# plot template in new position
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ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,alpha = 0.4))

} #end while

A.2 The Compositional Alignment Algorithm

A.2.1 Einstein with a Simple Translation Warp

### CA algorithm for Einstein using jpegs

### Pure translation warp only

## install jpeg package

#install.packages("jpeg")

# load jpeg library

library("jpeg")

# read in images

img<-readJPEG("Figures/einstein.jpg")

template<-readJPEG("Figures/einstein_face.jpg") #warning, t and T are reserved

# even though images are greyscale, the greys are specified in RGB

# triples with equal R, G, and B. Re-specify as intensities in [0,1]

img<-img[,,1]

template<-template[,,1]

# Currently img is stored as a matrix so that img[1,1] is in
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# the upper left corner and img[1,2] is one pixel to the right.

# However, to plot with "image", must turn things around. This

# also happens to be Cartesian space.

img<-t(img[nrow(img):1,])

template<-t(template[nrow(template):1,])

# height and width of image and template

width<-dim(img)[1]

height<-dim(img)[2]

w<-dim(template)[1]

h<-dim(template)[2]

# display image

par(mar=c(1,1,1,1))

image(1:width,1:height,img, axes = FALSE, col = grey(seq(0, 1, length = 256)),asp=1.05,

main="",xlab="",ylab="")

# initial position for template

p<-c(180,400)

ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

# Plot template on top. (Don’t greyscale so can see.)

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,

alpha = 0.4))

# Jacobian is identity so omit.

readline(prompt = "Pause. Press <Enter> to continue...")
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epsilon = 10^(-10)

deltapnorm<-1 #arbitrary but larger than epsilon

while(deltapnorm>epsilon)

{

# Find values of pixels for image in the current template rectangle

# position NOTE 1: Will have an error if upper right pixel + (1,1) goes

# off image-- not coding this for the sake of clarity. NOTE 2: Currently

# img is in "matrix space". Switch to Cartesian space to find pixels in

# terms of xy-coordinates. NOTE 3: For a matrix A in R, A[3.9,5.7] will

# truncate indices and return A[3,5].

fracx <- ll[1]-floor(ll[1])

fracy<-ll[2]-floor(ll[2])

imgatwarp<-(1-fracx)*(1-fracy)*img[ll[1]:ur[1],ll[2]:ur[2]]+

fracx*(1-fracy)*img[(ll[1]+1):(ur[1]+1),ll[2]:ur[2]]+

(1-fracx)*fracy*img[ll[1]:ur[1],(ll[2]+1):(ur[2]+1)]+

fracx*fracy*img[(ll[1]+1):(ur[1]+1),(ll[2]+1):(ur[2]+1)]

# find the error image

errorimage<-template-imgatwarp

# Compute the gradient of I(W), need border pixels. Hold is

# imgatwarp with border pixels. Should really take into account

# possibility that warp function is mapping to edge in which case

# need dummy border pixels. For example, will have an error if

# upper right pixel + (1,1) goes off image-- not coding this for
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# the sake of clarity.

hold<-(1-fracx)*(1-fracy)*img[(ll[1]-1):(ur[1]+1),(ll[2]-1):(ur[2]+1)]+

fracx*(1-fracy)*img[(ll[1]+1-1):(ur[1]+1+1),(ll[2]-1):(ur[2]+1)]+

(1-fracx)*fracy*img[(ll[1]-1):(ur[1]+1),(ll[2]+1-1):(ur[2]+1+1)]+

fracx*fracy*img[(ll[1]+1-1):(ur[1]+1+1),(ll[2]+1-1):(ur[2]+1+1)]

IWx<-matrix(0,w,h)

for(i in 2:(w+1)){

IWx[(i-1),]<-(hold[(i+1),2:(h+1)]-hold[(i-1),2:(h+1)])/2

}

IWy<-matrix(0,w,h)

for(i in 2:(h+1)){

IWy[,(i-1)]<-(hold[2:(w+1),(i+1)]-hold[2:(w+1),(i-1)])/2

}

# Find "bigsum" from Step 6 of CA algorithm.

bigsum<-matrix(0,2,1)

bigsum[1,1]<-sum(IWx*errorimage)

bigsum[2,1]<-sum(IWy*errorimage)

# Find Hessian.

H<-matrix(0,2,2)

H[1,1]<-sum(IWx^2)

H[1,2]<-sum(IWx*IWy)

H[2,1]<-H[1,2]

H[2,2]<-sum(IWy^2)

# Find change in parameters.



67

deltap<-solve(H)%*%bigsum

# new p

p<-p+t(deltap)

# norm of deltap

deltapnorm<-sqrt(deltap[1]^2+deltap[2]^2)

print(noquote(paste("deltapnorm =",round(deltapnorm,5))))

# Replot underlying image.

image(ll[1]:ur[1],ll[2]:ur[2],imgatwarp,add=T,col = grey(seq(0, 1, length = 256)))

# Plot template in new position.

ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,alpha = 0.4))

} #end while

A.3 The Inverse Compositional Alignment Algorithm

A.3.1 Einstein with a Simple Translation Warp

### ICA algorithm for Einstein using jpegs

### Pure translation warp only

## install jpeg package

#install.packages("jpeg")

# load jpeg library



68

library("jpeg")

# read in images

img<-readJPEG("Figures/einstein.jpg")

template<-readJPEG("Figures/einstein_face.jpg") #warning, t and T are reserved

# Even though images are greyscale, the greys are specified in RGB

# triples with equal R, G, and B. Re-specify as intensities in [0,1].

img<-img[,,1]

template<-template[,,1]

# Currently img is stored as a matrix so that img[1,1] is in

# the upper left corner and img[1,2] is one pixel to the right.

# However, to plot with "image", must turn things around. This

# also happens to be Cartesian space.

img<-t(img[nrow(img):1,])

template<-t(template[nrow(template):1,])

# height and width of image and template

width<-dim(img)[1]

height<-dim(img)[2]

w<-dim(template)[1]

h<-dim(template)[2]

# display image

par(mar=c(1,1,1,1))

image(1:width,1:height,img, axes = FALSE, col = grey(seq(0, 1, length = 256)),asp=1.05,

main="",xlab="",ylab="")
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# initial position for template

p<-c(180,400)

ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

# Plot template on top. (Don’t greyscale so can see.)

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,

alpha = 0.4))

# Jacobian is identity so omit.

readline(prompt = "Pause. Press <Enter> to continue...")

# Compute the template gradient, need dummy pixels.

hold<-matrix(0,(w+2),(h+2))

hold[2:(w+1),2:(h+1)]<-template

hold[,1]<-hold[,2]

hold[,(h+2)]<-hold[,(h+1)]

hold[1,]<-hold[2,]

hold[(w+2),]<-hold[(w+1),]

Tx<-matrix(0,w,h)

for(i in 2:(w+1)){

Tx[(i-1),]<-(hold[(i+1),2:(h+1)]-hold[(i-1),2:(h+1)])/2

}

Ty<-matrix(0,w,h)

for(i in 2:(h+1)){
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Ty[,(i-1)]<-(hold[2:(w+1),(i+1)]-hold[2:(w+1),(i-1)])/2

}

# find Hessian

H<-matrix(0,2,2)

H[1,1]<-sum(Tx^2)

H[1,2]<-sum(Tx*Ty)

H[2,1]<-H[1,2]

H[2,2]<-sum(Ty^2)

epsilon = 10^(-10)

deltapnorm<-1 #arbitrary but larger than epsilon

while(deltapnorm>epsilon)

{

# Find values of pixels for image in the current template rectangle

# position NOTE 1: Will have an error if upper right pixel + (1,1) goes

# off image-- not coding this for the sake of clarity. NOTE 2: Currently

# img is in "matrix space". Switch to Cartesian space to find pixels in

# terms of xy-coordinates. NOTE 3: For a matrix A in R, A[3.9,5.7] will

# truncate indices and return A[3,5].

fracx <- ll[1]-floor(ll[1])

fracy<-ll[2]-floor(ll[2])

imgatwarp<-(1-fracx)*(1-fracy)*img[ll[1]:ur[1],ll[2]:ur[2]]+

fracx*(1-fracy)*img[(ll[1]+1):(ur[1]+1),ll[2]:ur[2]]+

(1-fracx)*fracy*img[ll[1]:ur[1],(ll[2]+1):(ur[2]+1)]+
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fracx*fracy*img[(ll[1]+1):(ur[1]+1),(ll[2]+1):(ur[2]+1)]

# find the error image

errorimage<-template-imgatwarp

# Find "bigsum" from Step 4 of ICA algorithm.

bigsum<-matrix(0,2,1)

bigsum[1,1]<-sum(Tx*errorimage)

bigsum[2,1]<-sum(Ty*errorimage)

# Find change in parameters.

deltap<-solve(H)%*%bigsum

# new p

p<-p+t(deltap)

# norm of deltap

deltapnorm<-sqrt(deltap[1]^2+deltap[2]^2)

print(noquote(paste("deltapnorm =",round(deltapnorm,5))))

# Replot underlying image.

image(ll[1]:ur[1],ll[2]:ur[2],imgatwarp,add=T,col = grey(seq(0, 1, length = 256)))

# Plot template in new position.

ll<-p+c(1,1) #lower left

ur<-ll+c(w-1,h-1) #upper right

image(ll[1]:ur[1],ll[2]:ur[2],template, add=T,asp=1,col = heat.colors(20,alpha = 0.4))

} #end while
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Appendix B

Principle Components Analysis of Image Sequence in R

# load the png library

library(png)

# read in faces

face1<-readPNG("face1.png")

face2<-readPNG("face2.png")

face3<-readPNG("face3.png")

face4<-readPNG("face4.png")

face5<-readPNG("face5.png")

face6<-readPNG("face6.png")

# remove redundantly store greyscale values

face1<-face1[,,1]

face2<-face2[,,1]

face3<-face3[,,1]

face4<-face4[,,1]

face5<-face5[,,1]

face6<-face6[,,1]

# image dimenstions

w<-dim(face1)[2]

h<-dim(face1)[1]
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par(mfrow=c(3,1))

plot(c(0,6*w+50),c(0,h),type="n",axes=F,xlab="",ylab="",main="Original",asp=1)

rasterImage(face1,0,0,w,h)

rasterImage(face2,w+10,0,2*w+10,h)

rasterImage(face3,2*(w+10),0,(2*w+10)+(w+10),h)

rasterImage(face4,3*(w+10),0,(2*w+10)+2*(w+10),h)

rasterImage(face5,4*(w+10),0,(2*w+10)+3*(w+10),h)

rasterImage(face6,5*(w+10),0,(2*w+10)+4*(w+10),h)

X<-rbind(c(face1),c(face2),c(face3),c(face4),c(face5),c(face6))

for(i in 1:6){

X[i,]<-X[i,]-mean(X[i,1])

}

A<-(1/(length(c(face1))-1))*X%*%t(X)

hold<-eigen(A,TRUE)

D<-hold$values

E<-hold$vectors

numfaces <- readline("How many faces should I use?")

numfaces<-as.numeric(numfaces)

{

if(numfaces %in% 1:6){print("Ok",quote=FALSE)}

else{print("Enter an integer value between 1 and 6",quote=FALSE)}

}
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P<-t(E)

Pprime<-P[1:numfaces,] #or PPrime<-P{1:2,], etc...

# Pprime will be matrix only if take more than 1 row.

# Otherwise must force to matrix.

if(!is.matrix(Pprime)){Pprime<-t(as.matrix(Pprime))}

newdata<-Pprime%*%X

plot(c(0,6*w+50),c(0,h),type="n",axes=F,xlab="",ylab="",main=paste("Eigenfaces

(Using ",numfaces,")",sep=""),asp=1)

for(i in 1:dim(newdata)[1]){

Y<-matrix(newdata[i,],ncol=dim(face1)[2])

Y<-t(Y[nrow(Y):1,])

width<-dim(Y)[1]

height<-dim(Y)[2]

image(((i-1)*(w+10)):(i*w+(i-1)*10),1:h,Y, axes = FALSE, col = grey(seq(0,

1, length = 256)),asp=1.05,main="Eigenface",xlab="",ylab="",add=T)

}

reconstruct<-t(Pprime)%*%newdata

plot(c(0,6*w+50),c(0,h),type="n",axes=F,xlab="",ylab="",main="Reconstruction from

Eigenfaces",asp=1)

face1r<-matrix(reconstruct[1,],ncol=dim(face1)[2])

face1r<-t(face1r[nrow(face1r):1,])

image(1:w,1:h,face1r, axes = FALSE, col = grey(seq(0, 1, length = 256)),asp=1.05,

main="Eigenface",xlab="",ylab="",add=T)

face2r<-matrix(reconstruct[2,],ncol=dim(face1)[2])

face2r<-t(face2r[nrow(face2r):1,])

image((w+10):(2*w+10),1:h,face2r, axes = FALSE, col = grey(seq(0, 1, length = 256)),
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asp=1.05,main="Eigenface",xlab="",ylab="",add=T)

face3r<-matrix(reconstruct[3,],ncol=dim(face1)[2])

face3r<-t(face3r[nrow(face3r):1,])

image((2*w+2*10):((3*w+2*10)),1:h,face3r, axes = FALSE, col = grey(seq(0, 1,

length = 256)), asp=1.05,main="Eigenface",xlab="",ylab="",add=T)

face4r<-matrix(reconstruct[4,],ncol=dim(face1)[2])

face4r<-t(face4r[nrow(face4r):1,])

image((3*w+3*10):((4*w+3*10)),1:h,face4r, axes = FALSE, col = grey(seq(0, 1,

length = 256)), asp=1.05,main="Eigenface",xlab="",ylab="",add=T)

face5r<-matrix(reconstruct[5,],ncol=dim(face1)[2])

face5r<-t(face5r[nrow(face5r):1,])

image((4*w+4*10):((5*w+4*10)),1:h,face5r, axes = FALSE, col = grey(seq(0, 1,

length = 256)), asp=1.05,main="Eigenface",xlab="",ylab="",add=T)

face6r<-matrix(reconstruct[6,],ncol=dim(face1)[2])

face6r<-t(face6r[nrow(face6r):1,])

image((5*w+5*10):((6*w+5*10)),1:h,face6r, axes = FALSE, col = grey(seq(0, 1,

length = 256)), asp=1.05,main="Eigenface",xlab="",ylab="",add=T)


