


(a) blechnum serrulatum (b) blechnum serrulatum (c) phlebodium aureum

(d) phlebodium aureum (e) thelypteris kunthii (f) thelypteris kunthii

Figure A.2: Monolete pollen grains used in this experiment
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(a) ipomoea pes-caprae (b) ipomoea pes-caprae (c) polygonum
densiflorum

(d) polygonum
densiflorum

(e) polygonum
hydropiperoides

(f) polygonum
hydropiperoides

Figure A.3: Periporate pollen grains used in this experiment
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(a) acrostichum
danaeifolium1

(b) acrostichum
danaeifolium1

(c) pteris longifolia

(d) pteris longifolia (e) pteris vittata (f) pteris vittata

Figure A.4: Trilete pollen grains used in this experiment
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Appendix B

Affine Transform Results

B.1 Overview

This appendix contains the top 10 matches in a comparison of each original image to

the other images in the affine transform test set using their centroid distance Fourier

descriptors. Translation, rotation and, to a lesser extent, global contrast and intensity

transformed images typically score close to 1 (exact match) with their original image.

Images with changes in scale tend to score significantly less. Transforms of different

images typically score significantly less than either. A full analysis of the results listed

in this appendix is provided in Section 4.7.
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B.2 Results

B.2.1 Acrostichum danaeifolium1

Transform Type Species Image R2 Value

contrast Acrostichum danaeifolium1 1.0000

translation Acrostichum danaeifolium1 1.0000

rotation Acrostichum danaeifolium1 0.9999

scale Acrostichum danaeifolium1 0.8237

scale Acrostichum danaeifolium2 0.7366

intensity Acrostichum danaeifolium2 0.7277

translation Acrostichum danaeifolium2 0.7277

rotation Acrostichum danaeifolium2 0.7253

scale Pteris vittata1 0.7017

scale Pteris longifolia1 0.6641

B.2.2 Acrostichum danaeifolium2

Transform Type Species Image R2 Value

translation Acrostichum danaeifolium2 1.0000

intensity Acrostichum danaeifolium2 1.0000

rotation Acrostichum danaeifolium2 0.9960

scale Acrostichum danaeifolium2 0.8454

rotation Pteris vittata2 0.7843

contrast Pteris vittata2 0.7759

translation Pteris vittata2 0.7759

rotation Acrostichum danaeifolium1 0.7283

contrast Acrostichum danaeifolium1 0.7277

translation Acrostichum danaeifolium1 0.7277
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B.2.3 Blechnum serrulatum1

Transform Type Species Image R2 Value

contrast Blechnum serrulatum1 1.0000

intensity Blechnum serrulatum1 1.0000

translation Blechnum serrulatum1 1.0000

scale Blechnum serrulatum1 0.9870

rotation Blechnum serrulatum1 0.9811

rotation Pistia stratiotes1 0.8572

contrast Pistia stratiotes1 0.8569

intensity Pistia stratiotes1 0.8569

translation Pistia stratiotes1 0.8569

scale Pistia stratiotes1 0.8167

B.2.4 Blechnum serrulatum2

Transform Type Species Image R2 Value

translation Blechnum serrulatum2 1.0000

contrast Blechnum serrulatum2 1.0000

intensity Blechnum serrulatum2 1.0000

rotation Blechnum serrulatum2 0.9843

contrast Phlebodium aureum2 0.8102

intensity Phlebodium aureum2 0.8102

translation Phlebodium aureum2 0.8102

rotation Phlebodium aureum2 0.8101

rotation Thelypteris kunthii2 0.7481

contrast Thelypteris kunthii2 0.7474
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B.2.5 Ipomoea pes-caprae1

Transform Type Species Image R2 Value

translation Ipomoea pes-caprae1 1.0000

rotation Ipomoea pes-caprae1 0.9993

scale Ipomoea pes-caprae2 0.7071

intensity Polygonum hydropiperoides1 0.6303

scale Ipomoea pes-caprae1 0.5943

scale Polygonum densiflorum2 0.5858

rotation Polygonum densiflorum2 0.5820

contrast Polygonum densiflorum2 0.5537

intensity Polygonum densiflorum2 0.5537

translation Polygonum densiflorum2 0.5537

B.2.6 Ipomoea pes-caprae2

Transform Type Species Image R2 Value

contrast Ipomoea pes-caprae2 1.0000

intensity Ipomoea pes-caprae2 1.0000

translation Ipomoea pes-caprae2 1.0000

rotation Ipomoea pes-caprae2 0.9959

scale Ipomoea pes-caprae2 0.7421

scale Acrostichum danaeifolium1 0.6326

intensity Ipomoea pes-caprae1 0.5916

scale Pteris vittata1 0.5814

contrast Pteris vittata2 0.5602

translation Pteris vittata2 0.5602
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B.2.7 Phlebodium aureum1

Transform Type Species Image R2 Value

contrast Phlebodium aureum1 1.0000

intensity Phlebodium aureum1 1.0000

translation Phlebodium aureum1 1.0000

rotation Phlebodium aureum1 0.9917

scale Phlebodium aureum1 0.8421

contrast Phlebodium aureum2 0.8287

intensity Phlebodium aureum2 0.8287

translation Phlebodium aureum2 0.8287

rotation Phlebodium aureum2 0.8284

rotation Schoenoplectus taberaemontani2 0.8035

B.2.8 Phlebodium aureum2

Transform Type Species Image R2 Value

contrast Phlebodium aureum2 1.0000

intensity Phlebodium aureum2 1.0000

translation Phlebodium aureum2 1.0000

rotation Phlebodium aureum2 1.0000

contrast Phlebodium aureum1 0.8287

intensity Phlebodium aureum1 0.8287

translation Phlebodium aureum1 0.8287

scale Phlebodium aureum1 0.8223

intensity Rhynchospora colorata1 0.8172

rotation Phlebodium aureum1 0.8122
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B.2.9 Pistia stratiotes1

Transform Type Species Image R2 Value

contrast Pistia stratiotes1 1.0000

intensity Pistia stratiotes1 1.0000

translation Pistia stratiotes1 1.0000

rotation Pistia stratiotes1 0.9942

scale Pistia stratiotes1 0.9171

scale Blechnum serrulatum1 0.8641

contrast Blechnum serrulatum1 0.8569

intensity Blechnum serrulatum1 0.8569

translation Blechnum serrulatum1 0.8569

rotation Blechnum serrulatum1 0.8529

B.2.10 Pistia stratiotes2

Transform Type Species Image R2 Value

contrast Pistia stratiotes2 1.0000

translation Pistia stratiotes2 1.0000

rotation Pistia stratiotes2 0.9965

scale Pistia stratiotes2 0.8112

rotation Blechnum serrulatum1 0.7881

scale Blechnum serrulatum1 0.7644

contrast Pistia stratiotes1 0.7639

intensity Pistia stratiotes1 0.7639

translation Pistia stratiotes1 0.7639

rotation Thelypteris kunthii1 0.7568
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B.2.11 Polygonum densiflorum1

Transform Type Species Image R2 Value

translation Polygonum densiflorum1 1.0000

contrast Polygonum densiflorum1 1.0000

rotation Polygonum densiflorum1 0.9956

scale Polygonum densiflorum2 0.8112

rotation Polygonum densiflorum2 0.7960

contrast Polygonum densiflorum2 0.7832

intensity Polygonum densiflorum2 0.7832

translation Polygonum densiflorum2 0.7832

scale Polygonum densiflorum1 0.7566

intensity Polygonum densiflorum1 0.7316

B.2.12 Polygonum densiflorum2

Transform Type Species Image R2 Value

contrast Polygonum densiflorum2 1.0000

intensity Polygonum densiflorum2 1.0000

translation Polygonum densiflorum2 1.0000

rotation Polygonum densiflorum2 0.9901

scale Polygonum densiflorum2 0.9032

contrast Polygonum densiflorum1 0.7832

translation Polygonum densiflorum1 0.7832

rotation Polygonum densiflorum1 0.7832

translation Pteris longifolia1 0.7139

contrast Pteris longifolia1 0.7139
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B.2.13 Polygonum hydropiperoides1

Transform Type Species Image R2 Value

contrast Polygonum hydropiperoides1 1.0000

translation Polygonum hydropiperoides1 1.0000

rotation Polygonum hydropiperoides1 0.9965

scale Polygonum hydropiperoides1 0.9655

rotation Polygonum hydropiperoides2 0.6492

contrast Polygonum hydropiperoides2 0.6481

intensity Polygonum hydropiperoides2 0.6481

scale Polygonum hydropiperoides2 0.6481

translation Polygonum hydropiperoides2 0.6481

contrast Thelypteris kunthii2 0.6423

B.2.14 Polygonum hydropiperoides2

Transform Type Species Image R2 Value

translation Polygonum hydropiperoides2 1.0000

contrast Polygonum hydropiperoides2 1.0000

intensity Polygonum hydropiperoides2 1.0000

scale Polygonum hydropiperoides2 1.0000

rotation Polygonum hydropiperoides2 0.9954

rotation Polygonum densiflorum2 0.6831

scale Polygonum densiflorum2 0.6714

contrast Polygonum densiflorum2 0.6573

intensity Polygonum densiflorum2 0.6573

translation Polygonum densiflorum2 0.6573
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B.2.15 Pteris longifolia1

Transform Type Species Image R2 Value

contrast Pteris longifolia1 1.0000

intensity Pteris longifolia1 1.0000

translation Pteris longifolia1 1.0000

rotation Pteris longifolia1 0.9949

scale Pteris vittata1 0.8089

scale Polygonum densiflorum2 0.7580

rotation Pteris vittata1 0.7503

contrast Pteris vittata1 0.7491

intensity Pteris vittata1 0.7491

translation Pteris vittata1 0.7491

B.2.16 Pteris longifolia2

Transform Type Species Image R2 Value

contrast Pteris longifolia2 1.0000

translation Pteris longifolia2 1.0000

rotation Pteris longifolia2 0.9923

intensity Pteris longifolia2 0.9840

scale Pteris longifolia2 0.9773

rotation Pteris vittata1 0.7136

rotation Acrostichum danaeifolium2 0.7066

translation Acrostichum danaeifolium2 0.7046

intensity Acrostichum danaeifolium2 0.7046

contrast Pteris vittata1 0.7020
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B.2.17 Pteris vittata1

Transform Type Species Image R2 Value

contrast Pteris vittata1 1.0000

intensity Pteris vittata1 1.0000

translation Pteris vittata1 1.0000

rotation Pteris vittata1 0.9886

rotation Pteris longifolia1 0.7721

translation Pteris longifolia1 0.7491

contrast Pteris longifolia1 0.7491

intensity Pteris longifolia1 0.7491

scale Pteris vittata1 0.7323

scale Acrostichum danaeifolium1 0.7193

B.2.18 Pteris vittata2

Transform Type Species Image R2 Value

contrast Pteris vittata2 1.0000

translation Pteris vittata2 1.0000

rotation Pteris vittata2 0.9947

scale Pteris longifolia1 0.8279

intensity Acrostichum danaeifolium2 0.7759

translation Acrostichum danaeifolium2 0.7759

rotation Acrostichum danaeifolium2 0.7667

scale Pteris vittata2 0.7327

intensity Polygonum densiflorum1 0.6777

scale Acrostichum danaeifolium1 0.6730
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B.2.19 Rhynchospora colorata1

Transform Type Species Image R2 Value

contrast Rhynchospora colorata1 1.0000

translation Rhynchospora colorata1 1.0000

rotation Rhynchospora colorata1 0.9998

scale Rhynchospora colorata1 0.7835

scale Pistia stratiotes2 0.7292

contrast Schoenoplectus taberaemontani2 0.6993

intensity Schoenoplectus taberaemontani2 0.6993

translation Schoenoplectus taberaemontani2 0.6993

rotation Schoenoplectus taberaemontani2 0.6981

contrast Phlebodium aureum1 0.6899

B.2.20 Rhynchospora colorata2

Transform Type Species Image R2 Value

contrast Rhynchospora colorata2 1.0000

intensity Rhynchospora colorata2 1.0000

translation Rhynchospora colorata2 1.0000

rotation Rhynchospora colorata2 0.9929

scale Rhynchospora colorata2 0.8337

scale Thelypteris kunthii2 0.8153

rotation Phlebodium aureum2 0.8093

contrast Phlebodium aureum2 0.8092

intensity Phlebodium aureum2 0.8092

translation Phlebodium aureum2 0.8092
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B.2.21 Schoenoplectus taberaemontani1

Transform Type Species Image R2 Value

contrast Schoenoplectus taberaemontani1 1.0000

translation Schoenoplectus taberaemontani1 1.0000

rotation Schoenoplectus taberaemontani1 0.9981

scale Schoenoplectus taberaemontani1 0.9820

intensity Schoenoplectus taberaemontani1 0.8482

scale Schoenoplectus taberaemontani2 0.6297

rotation Schoenoplectus taberaemontani2 0.5946

contrast Schoenoplectus taberaemontani2 0.5845

intensity Schoenoplectus taberaemontani2 0.5845

translation Schoenoplectus taberaemontani2 0.5845

B.2.22 Schoenoplectus taberaemontani2

Transform Type Species Image R2 Value

contrast Schoenoplectus taberaemontani2 1.0000

intensity Schoenoplectus taberaemontani2 1.0000

translation Schoenoplectus taberaemontani2 1.0000

rotation Schoenoplectus taberaemontani2 0.9935

scale Phlebodium aureum1 0.8451

scale Schoenoplectus taberaemontani2 0.8115

contrast Acrostichum danaeifolium2 0.8075

rotation Phlebodium aureum2 0.7983

contrast Phlebodium aureum1 0.7982

intensity Phlebodium aureum1 0.7982
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B.2.23 Thelypteris kunthii1

Transform Type Species Image R2 Value

contrast Thelypteris kunthii1 1.0000

intensity Thelypteris kunthii1 1.0000

translation Thelypteris kunthii1 1.0000

rotation Thelypteris kunthii1 0.9884

scale Thelypteris kunthii1 0.8386

scale Blechnum serrulatum2 0.8331

contrast Thelypteris kunthii2 0.7990

intensity Thelypteris kunthii2 0.7990

translation Thelypteris kunthii2 0.7990

scale Rhynchospora colorata2 0.7978

B.2.24 Thelypteris kunthii2

Transform Type Species Image R2 Value

contrast Thelypteris kunthii2 1.0000

intensity Thelypteris kunthii2 1.0000

translation Thelypteris kunthii2 1.0000

rotation Thelypteris kunthii2 0.9837

rotation Thelypteris kunthii1 0.8105

scale Blechnum serrulatum2 0.8035

contrast Thelypteris kunthii1 0.7990

intensity Thelypteris kunthii1 0.7990

translation Thelypteris kunthii1 0.7990

rotation Phlebodium aureum2 0.7835
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Appendix C

Source Code

C.1 Overview

This section contains a listing of the source code of the software used to explore

the data set, generate the affine transformations and to conduct the bulk of the

experiments in Chapter 4. The implementation of the FLLT is not included due

to its excessive length and the original version by Monasse and Guichard (2000) is

available from Megawave’s website. Being a viewer, the shape explorer GUI’s code is

excluded and any classifier code present has an equivalent in the GNU Octave scripts

below.

C.2 Code

C.2.1 Fourier Descriptor Analysis

This GNU Octave script creates centroid distance Fourier descriptors from a set of

boundary points and then performs an all-pairs comparison for all shapes in the input

file:

%

% Input
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% boundar ies input f i l e , output f i l e path , sample s i z e

% Output

% Al l−pa i r s CSV f i l e f o r R2 s im i l a r i t y

%

function [ ] = analyze bound ( INFILE , OUTFILE, s a m p l e s i z e )

in = csvread ( INFILE) ;

[m n ] = s ize ( in ) ;

l g s s = log ( s a m p l e s i z e /2) / log (2 ) ;

%K = 2 . ˆ ( 1 : l g s s ) ;

K = 2 : 2 : 2 ˆ l g s s ;

k l e n = length (K) ;

MAX K = max(K) ;

%

% Generate Fourier Desc r i p to r s

%

data = zeros (m, MAX K) ;

for i =1:m

data ( i , : ) = compute fd ( in ( i , : ) , MAX K, s a m p l e s i z e ) ;

end

%

% Ca lcu l a t e R2 Values f o r each dimension K

%

for d=1: k l e n

k = K(d) ;

% Determine space r equ i r ed

r2 va l s m = ce i l ( f a c t o r i a l (m) / (2* f a c t o r i a l (m−2) ) ) ;

r 2 v a l s = zeros ( r2 vals m , 7) ;

% Li s t sample s i z e and k va lue
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r 2 v a l s ( : , 1 ) = ones ( r2 vals m , 1) * s a m p l e s i z e ;

r 2 v a l s ( : , 2 ) = ones ( r2 vals m , 1) *k ;

% Perform a l l−pa i r s comparison

pos = 1 ;

for i =1:m

for j =( i +1) :m

% Import Image ID

r 2 v a l s ( pos , 3) = in ( i , 1) ;

r 2 v a l s ( pos , 4) = in ( j , 1) ;

% Import Group ID

r 2 v a l s ( pos , 5) = in ( i , 2) ;

r 2 v a l s ( pos , 6) = in ( j , 2) ;

% Ca lcu l a t e cos ine s im i l a r i t y

r 2 v a l s ( pos , 7) = cos s im ( data ( i , 1 : k ) , data ( j , 1 : k ) ) ;

pos = pos + 1 ;

end

end

% Sort r e s u l t s by decreas ing R2 va lue

r 2 v a l s = sort rows ( r 2 v a l s , −7) ;

% SAMPLE SIZE | K | ID 1 | ID 2 | GROUP 1 | GROUP 2 | R2

dlmwrite (OUTFILE, r 2 v a l s , ’−append ’ , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,

’ %1.4 f ’ ) ;

end

end

%

% input :
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% In l i n e : l i n e from CSV: ID , Group ID , Boundary Length , Boundary 0

. . . Boundary n

% samp l e s i z e : Number o f samples from the boundary%

% output :

% f o u r i e r d e s c r i p t o r (minus DC component )

%

function [ fd ] = compute fd ( inLine , MAX K, s a m p l e s i z e )

[m n ] = s ize ( inL ine ) ;

boundary len = inLine (3 ) ;

% Adjust n to match the end o f the boundary

n = 3 + 2* boundary len ;

x = zeros (1 , boundary len ) ;

y = zeros (1 , boundary len ) ;

% Extrac t l i n e in t o coord ina te v e c t o r s

pos = 1 ;

for i =4:2 :n

x ( pos ) = inLine ( i ) ;

pos = pos + 1 ;

end

pos = 1 ;

for i =5:2 :n

y ( pos ) = inLine ( i ) ;

pos = pos + 1 ;

end

% mean cen ter ( c en t ro i d at coord ina te 0 ,0)

mean x = mean( x ) ;

x = x − mean x ;

120



mean y = mean( y ) ;

y = y − mean y ;

% crea t e i n t e r p o l a n t

xx = angle ( x+sqrt (−1)*y ) ;

% Determine rad ius

r = abs ( x+sqrt (−1)*y ) ;

% Sca le r a d i i

r norm = norm( r ) ;

r = r / r norm ;

% Sample the i t e r p o l a t e d boundary

% po la rx = 0:(2* p i / boundary len ) :2* p i *(1−1/ boundary len ) ;

% sampley = s p l i n e ( po larx , r , ( 0 : ( 2 * p i / samp l e s i z e ) :2* p i *(1−1/

samp l e s i z e ) ) ) ;

samplex3 = 0 : ( 2* pi/ boundary len ) : ( 6* pi−2*pi/ boundary len ) ;

sampley3 = spline ( samplex3 , [ r r r ] , ( 0 : ( 2 * pi/ s a m p l e s i z e ) : ( 6* pi−2*pi/

s a m p l e s i z e ) ) ) ;

sampley = sampley3 ( ( f loor ( length ( sampley3 ) /3)+1) : f loor ( length ( sampley3

) )/3+ s a m p l e s i z e ) ;

% samplex = 0:(2* p i / boundary len ) : (2* p i *(1−1/ boundary len ) ) ;

% Get magnitude , d i s ca rd DC component

fd = abs ( f f t ( sampley ) ) ;

fd = fd ( 2 : (MAX K+1) ) ;

end

% Compute cos ine s im i l a r i t y between two ve c t o r s

function [ r2 ] = cos s im ( v1 , v2 )

m = length ( v1 ) ;
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% Mul t i p l y by index

ind = 1 :m;

v1 = v1 .* ind ;

v2 = v2 .* ind ;

v dot = dot ( v1 , v2 ) ;

v1 mag = norm( v1 ) ;

v2 mag = norm( v2 ) ;

# Compute DOT Product

r2 = v dot / ( v1 mag*v2 mag ) ;

# R2

r2 = r2 * r2 ;

end

This GNU Octave script evaluates different sample sizes and dimension retention

for Fourier descriptors:

function e v a l k s s (BOUNDARIES FILE, R2 FILE , RES PATH, SAMPLE SIZE)

s s l e n = length (SAMPLE SIZE) ;

delete ( R2 FILE ) ;

for i =1: length (SAMPLE SIZE)

s = SAMPLE SIZE( i ) ;

analyze bound (BOUNDARIES FILE, R2 FILE , s ) ;

end

r2 = csvread ( R2 FILE ) ;

imgs = unique ( [ r2 ( : , 3) r2 ( : , 4) ] ) ;

imgs l en = length ( imgs ) ;
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grps = unique ( [ r2 ( : , 5) r2 ( : , 6) ] ) ;

g r p s l e n = length ( grps ) ;

summary = [ ] ;

% Traverse Sample S i z e s

for s s = 1 : s s l e n

s = SAMPLE SIZE( s s ) ;

% determine K s i z e

l g s s = log ( s /2) / log (2 ) ;

%K = 2 . ˆ ( 1 : l g s s ) ;

K = 2 : 2 : 2 ˆ l g s s ;

k l e n = length (K) ;

% l im i t r e s u l t s to t h i s group

l im = r2 ( : , 1) == s ;

r 2 s s = r2 ( lim , : ) ;

for kk=1: k l e n

k = K( kk ) ;

g r p t a l l y = zeros ( g rps l en , 4) ;

g r p t a l l y ( : , 1 ) = ones ( g rps l en , 1) * s ;

g r p t a l l y ( : , 2 ) = ones ( g rps l en , 1) * k ;

l im = r 2 s s ( : , 2) == k ;

r2 k = r 2 s s ( lim , : ) ;

% Traverse images

for i i =1: imgs l en

id = imgs ( i i ) ;

g r p t a l l y = c a l c t a l l y ( r2 k , id , g r p t a l l y ) ;

% Limit to proper ss , k and id number

end
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summary = [ summary ; g r p t a l l y ] ;

end

end

summary ( : , 3 : 4 ) = summary ( : , 3 : 4 ) . / 6 ;

p l o t r e s ( summary , RES PATH) ;

end

function [ g r p t a l l y ] = c a l c t a l l y ( r2 , id , g r p t a l l y )

l i m i d a = r2 ( : , 3 ) == id ;

l im idb = r2 ( : , 4 ) == id ;

l im = ( l i m i d a | l im idb ) ;

img = r2 ( lim , : ) ;

img = img ( 1 : 3 , : ) ;

i f img (1 , 3) == id

grp = img (1 , 5) ;

else

grp = img (1 , 6) ;

end

i f img (1 , 5 ) == img (1 , 6 )

g r p t a l l y ( grp , 3 ) = g r p t a l l y ( grp , 3 ) + 1 ;

end

maj = 0 ;

for i =1:3

i f img ( i , 5 ) == img ( i , 6 )

maj = maj + 1 ;

end

end

i f maj >= 2
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g r p t a l l y ( grp , 4 ) = g r p t a l l y ( grp , 4 ) + 1 ;

end

end

function p l o t r e s ( summary , RES PATH)

% Plot the r e s u l t s f o r K

K CSV PATH = s t r c a t (RES PATH, ’ /k summary . csv ’ ) ;

K PLOT PATH = s t r c a t (RES PATH, ’ /k summary . eps ’ ) ;

% Plot sample s i z e r e s u l t s

s = 256 ;

l im = summary ( : , 1 ) == s ;

r e s = summary( lim , : ) ;

K = unique ( r e s ( : , 2 ) ) ;

k l e n = length (K) ;

summary k = zeros ( k len , 5) ;

delete (K CSV PATH) ;

for i =1: k l e n

k = K( i ) ;

l im = r e s ( : , 2 ) == k ;

sum k = r e s ( lim , : ) ;

mean hit = mean( sum k ( : , 3) ) ;

mean maj = mean( sum k ( : , 4) ) ;

w o r s t h i t = min( sum k ( : , 3) ) ;

worst maj = min( sum k ( : , 4) ) ;

summary k ( i , 1) = k ;

summary k ( i , 2) = mean hit ;

summary k ( i , 3) = mean maj ;

summary k ( i , 4) = w o r s t h i t ;
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summary k ( i , 5) = worst maj ;

end

dlmwrite (K CSV PATH, summary k , ’−append ’ , ’ d e l i m i t e r ’ , ’ , ’ , ’

p r e c i s i o n ’ , ’ %1.4 f ’ ) ;

hold on ;

axis equal ;

%p l o t ( summary k ( : , 1 ) , summary k ( : , 2 ) , ’−−rs ’ , ’ MarkerSize ’ , 7 ) ;

plot ( summary k ( : , 1 ) , summary k ( : , 3 ) , ’−−gs ’ , ’ MarkerSize ’ , 7 ) ;

%p l o t ( summary k ( : , 1 ) , summary k ( : , 4 ) , ’−−bs ’ , ’ MarkerSize ’ , 7 ) ;

plot ( summary k ( : , 1 ) , summary k ( : , 5 ) , ’−−ms ’ , ’ MarkerSize ’ , 7 ) ;

t i t l e ( ’ Dimens iona l i ty eva lua t i on f o r morpho log ica l group

c l a s s i f i c a t i o n (256−Sample S i z e ) ’ ) ;

xlabel ( ’ Dimensions Retained ’ ) ;

ylabel ( ’ Accuracy ’ ) ;

%legend ( ’ Average Hit ’ , ’ Average Majority ’ , ’Minimum Hit ’ , ’Minimum

Majority ’ , ’ Location ’ , ’ South ’ ) ;

legend ( ’ Average ’ , ’Minimum ’ , ’ Locat ion ’ , ’ South ’ ) ;

hold o f f ;

print (K PLOT PATH) ;

close a l l ;

% Plot the r e s u l t s f o r Sample S i z e

S CSV PATH = s t r c a t (RES PATH, ’ /s summary . csv ’ ) ;

S PLOT PATH = s t r c a t (RES PATH, ’ /s summary . eps ’ ) ;

S = unique ( summary ( : , 1 ) ) ;

s l e n = length (S) ;

summary s = zeros ( s l e n , 5) ;

delete (S CSV PATH) ;
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for i =1: s l e n

s = S( i ) ;

l i m s = summary ( : , 1 ) == s ;

l im k = summary ( : , 2 ) == f loor ( s /4) ;

l im = l i m s & l im k ;

sum s = summary( lim , : ) ;

mean hit = mean( sum s ( : , 3) ) ;

mean maj = mean( sum s ( : , 4) ) ;

w o r s t h i t = min( sum s ( : , 3) ) ;

worst maj = min( sum s ( : , 4) ) ;

summary s ( i , 1) = s ;

summary s ( i , 2) = mean hit ;

summary s ( i , 3) = mean maj ;

summary s ( i , 4) = w o r s t h i t ;

summary s ( i , 5) = worst maj ;

end

dlmwrite (S CSV PATH, summary s , ’−append ’ , ’ d e l i m i t e r ’ , ’ , ’ , ’

p r e c i s i o n ’ , ’ %1.4 f ’ ) ;

hold on ;

axis equal ;

%p l o t ( summary s ( : , 1 ) , summary s ( : , 2 ) , ’−−rs ’ , ’ MarkerSize ’ , 7 ) ;

plot ( summary s ( : , 1 ) , summary s ( : , 3 ) , ’−−gs ’ , ’ MarkerSize ’ , 7 ) ;

%p l o t ( summary s ( : , 1 ) , summary s ( : , 4 ) , ’−−bs ’ , ’ MarkerSize ’ , 7 ) ;

plot ( summary s ( : , 1 ) , summary s ( : , 5 ) , ’−−ms ’ , ’ MarkerSize ’ , 7 ) ;

t i t l e ( ’ Sample s i z e eva lua t i on f o r morpho log ica l group c l a s s i f i c a t i o n ’ )

;
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xlabel ( ’ Sample S i z e ’ ) ;

ylabel ( ’ Accuracy ’ ) ;

%legend ( ’ Average Hit ’ , ’ Average Majority ’ , ’Minimum Hit ’ , ’Minimum

Majority ’ , ’ Location ’ , ’ South ’ ) ;

legend ( ’ Average ’ , ’Minimum ’ , ’ Locat ion ’ , ’ South ’ ) ;

hold o f f ;

print (S PLOT PATH) ;

close a l l ;

end

C.2.2 TOS Metrics

This GNU Octave script is used to help determine optimal TOS Metric Phase 1

constraints using a set of known image classes:

function a n a l y z e t o s (INPUT FILE , RES PATH)

in = csvread (INPUT FILE) ;

[m n ] = s ize ( in ) ;

% Read TOS Metr ics

% image id , group id , c h i l d sum area ra t i o , i n t r a t i o ,

b ounda ry s i z e r a t i o , dc

n = 6 ;

to s = zeros (m, n) ;

to s ( : , 1 : 2 ) = in ( : , 1 : 2 ) ;

for i =1:m

boundary len = in ( i , 3) *2 ;

to s ( i , 3 : 6 ) = in ( i , (4+ boundary len ) :(7+ boundary len ) ) ;

end

% Get image IDs

imgs = unique ( to s ( : , 1 ) ) ;

imgs l en = length ( imgs ) ;
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% Get group IDs

grps = unique ( to s ( : , 2 ) ) ;

g r p s l e n = length ( grps ) ;

% Set Weights

weights = [ 3 , 4 , 3 , 5 . 2 ] ;

summary

for i =1:m

% Apply c on s t r a i n t s

l im = tos ( : , 1 ) ˜= i ;

r e s t o s = tos ( lim , : ) ;

for j =3:6

l im u = r e s t o s ( : , j ) <= tos ( i , j ) * weights ( j−2) ;

l i m l = r e s t o s ( : , j ) >= tos ( i , j ) / weights ( j−2) ;

l im = l im u & l i m l ;

r e s t o s = r e s t o s ( lim , : ) ;

end

end

plot summary (RES PATH, grps , g rp s l en , to s )

end

function plot summary (RES PATH, grps , g rp s l en , to s )

%image id , group id , c h i l d sum area ra t i o , i n t r a t i o ,

b ounda ry s i z e r a t i o , dc

summary = zeros ( g rps l en , 13) ;

summary ( : , 1 ) = grps ;

for i = 1 : g r p s l e n
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l im = tos ( : , 2 ) == grps ( i ) ;

sum g = tos ( lim , : ) ;

[m n ] = s ize ( sum g ) ;

for j = 1 : n

sum g ( : , j ) = sum g ( : , j ) / norm( sum g ( : , j ) ) ;

end

for j = 1 : n

sum g ( : , j ) = sum g ( : , j ) − mean( sum g ( : , j ) ) ;

end

for j = 0 :3

summary( i , j *4+2) = max( sum g (: ,3+ j ) ) ;

summary( i , j *4+3) = median( sum g (: ,3+ j ) ) ;

summary( i , j *4+4) = min( sum g (: ,3+ j ) ) ;

summary( i , j *4+5) = std ( sum g (: ,3+ j ) ) ;

end

end

c o l o r s =[ ’ r ’ , ’ g ’ , ’ b ’ , ’ k ’ ] ;

t i t l e s ={ ’ Child Sum Area Ratio ’ , ’ I n t e n s i t y Ratio ’ , ’ Boundary S i z e

Ratio ’ , ’DC’ } ;

save name={ ’ c s a r p l o t ’ , ’ i n t p l o t ’ , ’ b s p l o t ’ , ’ d c p l o t ’ } ;

for i = 0 :3

f igure

hold on ;

t i t l e ( char ( t i t l e s ( i +1) ) ) ;

plot ( 1 : 4 , summary ( : , i *4+2) ’ , ’−−r s ’ , ’ MarkerSize ’ , 7) ;

plot ( 1 : 4 , summary ( : , i *4+3) ’ , ’−−gs ’ , ’ MarkerSize ’ , 7) ;

plot ( 1 : 4 , summary ( : , i *4+4) ’ , ’−−bs ’ , ’ MarkerSize ’ , 7) ;

axis ( [ 0 . 5 4 .5 −.65 . 6 5 ] ) ;

legend ( ’Maximum ’ , ’ Median ’ , ’Minimum ’ ) ;
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set (gca , ’ XTickLabel ’ ,{ ’ I nape r tu ra t e ’ , ’ Monolete ’ , ’ Pe r ipora te ’ , ’

T r i l e t e ’ }) ;

xlabel ( ’ Po l l en Morpholog ica l Groups ’ ) ;

ylabel ( ’ Values ( normalized , mean−centered ) ’ ) ;

hold o f f ;

save path = s t r c a t (RES PATH, ’ / ’ , char ( save name ( i +1) ) , ’ . eps ’ ) ;

print ( save path ) ;

end

end

C.2.3 Affine Transformations

This GNU Octave script is used to evaluate the R2 values of original images with

their affine transformations:

close a l l ;

clc ;

clear a l l ;

K = 32 ;

SAMPLE SIZE = 256 ;

BOUNDARIES FILE = ’ r e s u l t s / t rans fo rm boundar i e s . csv ’ ;

R2 FILE = ’ r e s u l t s / t rans fo rm r2 . csv ’ ;

delete ( R2 FILE ) ;

analyze bound (BOUNDARIES FILE, R2 FILE , SAMPLE SIZE) ;

% Read input data from CSV f i l e s ( omit sample s i z e and K)

in = csvread ( R2 FILE ) ;

[m n ] = s ize ( in ) ;

% Only use s p e c i f i e d K va lue

l im = in ( : , 2 ) == K;
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r2 = in ( lim , 3 : n ) ;

% Determine number o f images

transform type m = length ( unique ( [ r2 ( : , 1 ) r2 ( : , 2 ) ] ) ) ;

% Locate IDs f o r each type

c o n i d s = 1 : 6 : transform type m ;

i n t i d s = 2 : 6 : transform type m ;

o r i g i d s = 3 : 6 : transform type m ;

r o t i d s = 4 : 6 : transform type m ;

s c a i d s = 5 : 6 : transform type m ;

t r a n i d s = 6 : 6 : transform type m ;

orig m = length ( o r i g i d s ) ;

% Get R2 va l u e s con ta in ing an o r i g i n a l image

o r i g r 2 a = ismember ( r2 ( : , 1 ) , o r i g i d s ) ;

o r i g r 2 b = ismember ( r2 ( : , 2 ) , o r i g i d s ) ;

o r i g r 2 n o t = o r i g r 2 a & o r i g r 2 b ; % remove o r i g i n a l comparisons wi th

each o ther

o r i g r 2 = ( o r i g r 2 a | o r i g r 2 b ) & ˜ o r i g r 2 n o t ;

o r i g r 2 = r2 ( o r i g r 2 , : ) ;

o r i g r2 m = length ( o r i g r 2 ) ;

c o n h i t = 0 ;

t r a n h i t = 0 ;

i n t h i t = 0 ;

s c a h i t = 0 ;

r o t h i t = 0 ;

u n r e l a t e d h i t = 0 ;

summary = [ ] ;

for i = 1 : or ig m
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% l im i t r e s u l t s to a s i n g l e image id

r 2 l i m a = o r i g r 2 ( : , 1 ) == o r i g i d s ( i ) ;

r 2 l im b = o r i g r 2 ( : , 2 ) == o r i g i d s ( i ) ;

r 2 l im = r 2 l i m a | r 2 l im b ;

r 2 i = o r i g r 2 ( r2 l im , : ) ;

% Place o r i g i n a l image in l e f t most s l o t

for j = 1 :10

i f r 2 i ( j , 1) ˜= o r i g i d s ( i )

tmp = r 2 i ( j , 1) ;

r 2 i ( j , 1) = r 2 i ( j , 2) ;

r 2 i ( j , 2) = tmp ;

tmp = r 2 i ( j , 3) ;

r 2 i ( j , 3) = r 2 i ( j , 4) ;

r 2 i ( j , 4) = tmp ;

end

end

summary = [ summary ; r 2 i ( 1 : 1 0 , : ) ] ;

% l im i t i t to > .95 r2

r 2 l im = r 2 i ( : , 5 ) > . 9 5 ;

r 2 i = r 2 i ( r2 l im , : ) ;

[ r2 i m foo ] = s ize ( r 2 i ) ;

for j =1: r2 i m

i f r 2 i ( j , 3 ) ˜= r 2 i ( : , 4 )

u n r e l a t e d h i t = u n r e l a t e d h i t + 1 ;

cont inue ;

end

i f ismember ( r 2 i ( j , 1) , c o n i d s ) | | ismember ( r 2 i ( j , 2) , c o n i d s )

c o n h i t = c o n h i t + 1 ;

end
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i f ismember ( r 2 i ( j , 1) , t r a n i d s ) | | ismember ( r 2 i ( j , 2) , t r a n i d s )

t r a n h i t = t r a n h i t + 1 ;

end

i f ismember ( r 2 i ( j , 1) , i n t i d s ) | | ismember ( r 2 i ( j , 2) , i n t i d s )

i n t h i t = i n t h i t + 1 ;

end

i f ismember ( r 2 i ( j , 1) , s c a i d s ) | | ismember ( r 2 i ( j , 2) , s c a i d s )

s c a h i t = s c a h i t + 1 ;

end

i f ismember ( r 2 i ( j , 1) , r o t i d s ) | | ismember ( r 2 i ( j , 2) , r o t i d s )

r o t h i t = r o t h i t + 1 ;

end

end

end

csvwrite (R2 FILE , summary) ;

% Compute accuracy and p l o t r e s u l t s

c o n h i t = c o n h i t / orig m ;

t r a n h i t = t r a n h i t / orig m ;

i n t h i t = i n t h i t / orig m ;

s c a h i t = s c a h i t / orig m ;

r o t h i t = r o t h i t / orig m ;

f igure

bar ( [ c o n h i t t r a n h i t i n t h i t s c a h i t r o t h i t ] ) ;

set (gca , ’ XTickLabel ’ ,{ ’ ’ , ’ Contrast ’ , ’ Trans la t i on ’ , ’ I n t e n s i t y ’ , ’

S ca l i ng ’ , ’ Rotation ’ , ’ ’ }) ;

t i t l e ( ’ A f f i n e t rans fo rmat ion i nv a r i an c e t e s t r e s u l t s ’ ) ;
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xlabel ( ’ Transformation ’ ) ;

ylabel ( ’ Cor r ec t ly Mattched ’ ) ;

print −deps ’ r e s u l t s / a f fd summary plot . eps ’ ;

This Perl script, using Imagemagick Studio’s PerlMagick, creates affine transfor-

mations from an original set of images:

#!/ usr / b in / p e r l

use constant IN PATH => ’ /home/qhaas/Documents/ t h e s i s / paper / f i g u r e s / t e s t

’ ;

use constant OUT PATH => ’ /home/qhaas/Desktop/ fd exper iment /

t e s t t r a n s f o r m s ’ ;

use warnings ;

use F i l e : : Find ;

use Image : : Magick ;

use Math : : Round ;

sub rands ( ) ;

# Get l i s t o f Morpho log ica l groups

opendir (DIR , IN PATH) ;

my @morph groups = readdir (DIR) ;

closedir (DIR) ;

foreach my $group ( @morph groups ) {

next i f ( $group eq ’ . ’ or $group eq ’ . . ’ or $group eq ’ . svn ’ ) ; # omit

ba s i c f i l e markers

opendir (DIR , IN PATH . ’ / ’ . $group ) ;

my @images = readdir (DIR) ;

closedir (DIR) ;

# Get l i s t o f images in morpho log ica l groups
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foreach my $image ( @images ) {

next i f ( $image eq ’ . ’ or $image eq ’ . . ’ or $image eq ’ . svn ’ ) ; #

omit ba s i c f i l e markers

my ( $imgPath , $outPath , $img , $af img , $r , $rx , $ry , $width , $he ight

) ;

$imgPath = IN PATH . ’ / ’ . $group . ’ / ’ . $image ;

$image =˜ s / . png//g ;

$outPath = OUT PATH. ’ / ’ . $image . ’ / ’ ;

print ” Transforming :\ t$ image . . . ” ;

mkdir( $outPath ) ;

# Load o r i g i n a l image and reframe i t ( prevent s h a t t e r i n g )

$img = new Image : : Magick ;

$img−>read ( $imgPath ) ;

$img−>Border ( ’ width ’=>15, ’ he ight ’=>15, ’ bo rde r co l o r ’=> ’ white ’ ) ;

( $width , $he ight ) = $img−>Get ( ’ width ’ , ’ he ight ’ ) ;

$img−>write ( $outPath . ’ o r i g i n a l . png ’ ) ;

# Apply con t ra s t change

$af img = $img−>c lone ( ) ;

$r = round (rand (2 ) ) + 1 ;

$af img−>Sigmoida lContrast ( ’ c on t ra s t ’=>$r , ’ sharpen ’=>round (rand ( ) ) )

;

$af img−>write ( $outPath . ’ c on t r a s t . png ’ ) ;

# Apply i n t e n s i t y change

$af img = $img−>c lone ( ) ;

$r = .85 + round (rand (30) ) * . 0 1 ;

$af img−>Evaluate ( ’ va lue ’=>$r , ’ operator ’=> ’ mul t ip ly ’ ) ;

$af img−>write ( $outPath . ’ i n t e n s i t y . png ’ ) ;
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# Sca le Image

$af img = $img−>c lone ( ) ;

$r = .85 + round (rand (30) ) * . 0 1 ;

$af img−>AdaptiveResize ( ’ width ’=>($width* $r ) , ’ he ight ’=>($he ight * $r )

, ’ b lur ’=>0) ;

$af img−>write ( $outPath . ’ s c a l e . png ’ ) ;

# Rotate Image

$af img = $img−>c lone ( ) ;

$af img−>Aff ineTransform ( ’ a f f i n e ’ =>[−1 ,0 ,0 , rands ( ) , 0 , 0 ] ) ;

$af img−>write ( $outPath . ’ r o t a t i o n . png ’ ) ;

# Trans la te Image

$af img = $img−>c lone ( ) ;

$rx = round (rand ( round ( $width * . 1 ) ) ) ;

$ry = round (rand ( round ( $he ight * . 1 ) ) ) ;

$af img−>Extent ( ’ width ’=>($width + $rx ) , ’ he ight ’=>($he ight + $ry ) , ’

x ’=> $rx , ’ y ’=> $ry , ’ bo rde r co l o r ’=> ’ white ’ ) ;

$af img−>write ( $outPath . ’ t r a n s l a t i o n . png ’ ) ;

print ”done\n” ;

}

}

# Returns a random s ign

sub rands ( ) {

i f ( round (rand ( ) ) > 0) {

return 1 ;

} else {

return −1;

}

}
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