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APPENDIX A

Field Localities

Here the lineament analysis and field data are presented.

Figs A.1-A.4 show an overall lineament analysis, rose diagrams of lineaments at scale 1:100k and

1:10k and a Landsat and Geological Map of the Northern Scotland (with the 16 selected localities

presented in this study), respectively. In Figs A.5-A.20 the localities (e.g. Strathy Bay, Portskerra,

etc.) and the sub-localities which have not been presented in the main thesis body (e.g. L1, L2,

L3, etc.) are reported.

For each locality, the following analysis and plots are provided:

• A: 1:1K Lineament Analysis map and relative sub-locality sites

• B: Frequency-Azimuth and Length-Azimuth plots of lineaments

• C: A complete synthesis of structural data collected during the fieldwork

For each sub-locality (e.g. L1, L2) the following are provided:

• Representative outcrop photographs and sketches

• Equal area stereonet plots and density contours

All the rose diagrams are produced with GeOrient software with 10% sector angle. All the field-

work stereonet and contour density plots are equal area projection, lower hemisphere and they

have been produced with Stereo32 software.
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APPENDIX B

Stress Inversion - Plots



300 Stress Inversion - Plots



301



302 Stress Inversion - Plots



APPENDIX C

Stress Inversion - Data
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APPENDIX D

Transect Plots - Extracontents

Each dataset is here plotted on lin/lin, lin/log, log/lin and log/log axes to enable a visual compari-

son between distribution types and to investigate which distribution type best fits the data.

R
2 and relative number of values used in determining slopes are reported in Tab. D.1.

Figure D.1: Colour legend used in the Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots
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Figure D.2: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transects Wison Tr1 (a) spacing and (b) length and Wilson Tr2 (c) spacing and (d) length
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3Figure D.3: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transects Dounreay (a) spacing and (b) length and St. John’s (c) spacing and (d) length
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Figure D.4: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Brims Tr1 (a) spacing and (b) length and (c) aperture
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5Figure D.5: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Brims Tr2 (a) spacing and (b) length and (c) aperture
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Figure D.6: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Castletown Tr1 (a) spacing and (b) length and (c) aperture
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7Figure D.7: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Castletown Tr2 (a) spacing and (b) length and (c) aperture
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Figure D.8: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Thurso Tr1 (a) spacing and (b) length and (c) aperture
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9Figure D.9: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Thurso Tr2 (a) spacing and (b) length and (c) aperture
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Figure D.10: Lin-Lin, Lin-Log, Log-Lin, Log-Log cumulative distribution plots for the transect Sk04 (a) spacing and (b) length and (c) aperture
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Dataset Attribute Datasets Lin/Lin Lin/Log Log/Lin Log/Log

Name Full - Simpl. R
2 - Num R

2 - Num R
2 - Num R

2 - Num

Wilson Tr1 Spacing 16 - 14 - 0.9909 -12/14 - 0.9836 - 9/14

Length 16 - 16 - 0.9802 - 6/16 - 0.9818 - 13/16

Wilson Tr2 Spacing 11 - 11 0.9933 - 7/11 0.9925 - 9/11 0.9923 - 5/11

Length 11 - 8 - 0.9979 8/8 - 0.9979 4/8

Dounreay Spacing 77 - 73 0.9849 - 41/73 0.9766 - 64/73 0.9907 - 63/73 0.9478 - 39/73

Length 76 - 62 0.9621 - 30/62 0.9896 - 52/62 0.989 - 41/62 0.9841 - 51/62

St. John’s Spacing 70 - 68 0.9855 - 47/68 0.9923 - 65/68 0.9935 - 52/68 0.977 - 31/68

Length 70 - 57 0.9716 - 38/57 0.9841 - 30/57 - 0.9947 - 42/57

Brims Tr1 Spacing 100 - 81 - 0.9956 - 71/81 0.9942 - 56/81 -

Aperture 101 - 21 - 0.9752 - 11/21 0.988 - 13/21 0.99 - 17/21

Length 101 - 87 - 0.9866 - 82/87 - 0.9896 - 38/87 & 0.9912 - 37/87

Brims Tr2 Spacing 74 - 54 - 0.9934 - 29/54 0.9917 - 44/54 0.9921 - 20/54 & 0.9857 - 27/54

Aperture 75- 15 0.9424 - 10/16 0.99 - 11/16 0.9846 - 8/16 0.9824 - 8/16

Length 75 - 64 0.9457 - 44/64 0.9832 - 59/64 0.9973 - 52/64 0.9824 - 26/64

Castletown Tr1 Spacing 53 - 43 0.9915 - 28/43 0.985 - 38/43 0.9834 - 24/43 0.986 - 16/43

Aperture 54 - 20 - - - 0.9806 - 10/20

Length 54 - 48 - 0.9786 - 44/48 0.9818 - 36/48 0.9813 - 21/48 & 0.9728 - 12/48

Castletown Tr2 Spacing 64 - 59 - 0.9851 - 58/59 0.9836 - 48/59 0.9818 - 26/59

Aperture 65 - 19 - - 0.9948 - 11/19 0.9864 - 7/19

Length 65 - 57 - 0.9907 - 44/57 - 0.974 - 42/57

Thurso Tr1 Spacing 47 - 39 - 0.9915 - 34/39 - 0.986 - 16/39

Aperture 48 - 15 - 0.9864 - 11/15 0.9941 9/15 0.9861 - 8/15

Length 48 - 43 - 0.9886 - 42/43 - 0.97 - 23/43 & 0.9912 - 17/43

Thurso Tr2 Spacing 39 - 31 - 0.9845 - 23/31 0.9814 - 19/31 -

Aperture 40 - 16 0.9779 - 10/16 - - 0.9668 - 6/16

Length 40 - 39 - 0.9782 - 36/39 0.9763 - 35/39 0.9789 - 17/39 & 0.9839 - 15/39

Sk04 Spacing 45 - 43 - 0.9851 - 34/45 0.9847 - 28/45 -

Aperture 44 - 22 0.9799 - 13/22 0.9949 - 7/22 0.9922 - 7/22 0.962 - 17/22

Length 44 - 42 0.9794 - 20/42 0.9874 - 40/42 0.97 - 22/42 0.9504 - 35/42

Table D.1: Summary of data for cumulative distribution plots of spacing, length and aperture. For each

transect, the number of data of the entire and simplified populations are shown. Regression values (R2) and

range in which this value is obtained calculate for each for the Lin/Lin, Lin/Log, Log/Lin and Log/Log is

also shown.
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APPENDIX E

MATLAB Script - Topological Analysis of nodes

The input for the MATLAB script reported below is a .gif file (or any other format) in white

backgound and with the I- Y- X- nodes represented as single pixels of different gray colours. The

script recognizes the pixel as nodes and it produces density maps and circular scanlines of defined

radius and position.

The .gif file map was created with the following procedure:

• Create the topology by drawing the fractures (lines) in a graphical software such as Corel

Draw from any source of 2D data (aerial photo, bathymetry, outcrop photograph, etc.). An

example is reported in Fig. E.1a

• Export the fractures (lines) in .DWG (AutoCAD) and import them in ArcGis.

• Convert the .DWG in a shapefile and following the procedure shown in Nixon (2013), extract

fracture vertex (node) at the intersection of lines and split the lines at each vertex point.

• Associate an attribute table to the node shapefile and assign the node type (I- Y- or X-) in

the attribute table. This procedure is done manually.

• Assign a colour legend to the node type. For matter of simplicity change the symbols in full

colour squares and assign different colours to the different node types: light gray (I), dark

gray (Y) and a black (X).

• Copy the node in CorelDraw and modify the symbols in 1px size Fig. E.1b.

• Export the figue in .gif (grayscale).

Figure E.1: (a) Example of field pavement photograph and (b) image type to import in MATLAB. Note

that node points are represented as 1 pixel square of different colours (inset in Fig.b).

MATLAB SCRIPT
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1 f u n c t i o n [ c i r c node ] = c o n n e c t i v i t y _ d i c h i a r a n t e

2 % c o n n e c t i v i t y _ d i c h i a r a n t e

3 %

4 % C o p y r i g h t ( c ) Tore I n g v a l d B j o e r n a r a a , 201 6 . A l l r i g h t s

r e s e r v e d .

5 %

6

7 s h o w _ c o n n e c t i o n _ i n _ c i r c l e _ p l o t = t r u e ;

8 p l o t _ c h e c k = f a l s e ; % P l o t d a t a p o i n t s i n d e n s i t y p l o t s

9

10 pa = " ; % Pa th t o GIF− f i l e s

11 fn = { . . .

12 ’ b r i m s _ c a i t h n e s s . g i f ’ , 1 ; . . . % 1 . Example 1

13 ’ b a t h y m e t r y _ c a i t h n e s s . g i f ’ , 1 ; . . . % 2 . Example 2

14 } ;

15 % f o r m a t fn :

16 % { f i l e n a m e , s c a l i n g c o e f f . ( r a t i o o f a c t u a l l e n g t h vs . s i z e

o f sample ) }

17 i n d = [ 1 ] ; % Index i n fn

18

19 f i g D e n s i t y = [ ’ d e n s i t y _ p l o t _ i n d _ ’ num2s t r ( i n d ) ] ;

20 f i g C i r c l e s = [ ’ c i r c l e s _ p l o t _ i n d _ ’ num2s t r ( i n d ) ] ;

21

22 % D e n s i t y p l o t p a r a m e t e r . The h i g h e r v a l u e t h e ’ smoother ’ t h e

d e n s i t y p l o t .

23 optW = 0 . 0 2 5 7 ; % O r i g i n a l l y l o g s p a c e (−2 .2 ,− . 5 ,50) ;

24

25 % NB! Depending on ind , u p d a t e :

26 % 1 . P o s i t i o n and s i z e o f c i r c l e s ( f u n c t i o n ’ p l o t _ c i r c l e s ’ below

)

27

28 % S c r i p t s t a r t s h e r e :

*****************************************************
29

30 %% C i r c u l a r p l o t

31 s w i t c h i n d

32 c a s e 1

33 I0 = i m p o r t d a t a ( f u l l f i l e ( pa , fn { ind , 1 } ) ) ;

34 I { i n d } = do ub le ( f l i p u d ( I0 . c d a t a ) ) ;

35 I { i n d } ( I { i n d }==0) = 1 ;

36 I { i n d } ( I { i n d }==255) = 0 ;

37 colmap { i n d } = I0 . co lormap ;

38 end

39

40 fh = f i g u r e ( ’ name ’ , f i g C i r c l e s ) ;

41 ax = [ s u b p l o t ( 1 , 2 , 1 , ’ p a r e n t ’ , fh ) s u b p l o t ( 1 , 2 , 2 , ’ p a r e n t ’ , f h ) ] ;

42 ho ld ( ax ( 2 ) , ’ on ’ )

43 imagesc ( I { i n d } , ’ p a r e n t ’ , ax ( 1 ) )

44 t i t l e ( ax ( 1 ) , [ ’ Image : ’ s t r r e p ( fn { ind , 1 } , ’ _ ’ , ’ \ _ ’ ) ] )

45 a x i s ( ax ( 1 ) , ’ e q u a l ’ ) , a x i s ( ax ( 1 ) , ’ t i g h t ’ )

46

47 % G e t t i n g t h e i n d i c e s o f each c o l o r i n t h e image :

48 node = [ ] ;
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49 un = un iq ue ( I { i n d } ) ;

50 un ( un ==0) = [ ] ; % Removing background c o l o r

51 i f l e n g t h ( un ) >3

52 d i s p ( ’ More t h a n t h r e e c o l o r s i n f i g u r e . Check image ’ )

53 r e t u r n

54 end

55 i n t e r v a l = 1 ;

56 f o r m = 1 : l e n g t h ( un )

57 [ node . row{m} node . c o l {m} ] = . . .

58 f i n d ( I { i n d } ( 1 : i n t e r v a l : end , 1 : i n t e r v a l : end ) ==un (m) ) ;

59 end

60 % P l o t p o i n t l o c a t i o n s and c i r c l e s :

61 c o l = { ’ r ’ , ’ g ’ , ’ b ’ } ; % Node c o l o r s : {X, Y, I }

62 f o r m = 1 : l e n g t h ( un )

63 p l o t ( node . c o l {m} , node . row{m} , [ ’ . ’ c o l { rnd (m, 3 ) } ] , ’ p a r e n t ’ , ax

( 2 ) )

64 a x i s ( ax ( 2 ) , ’ e q u a l ’ )

65 end

66 a x i s ( ax ( 2 ) , ’ e q u a l ’ , ’ t i g h t ’ )

67 [ c i r c . x c i r c . y c i r c . r ] = p l o t _ c i r c l e s ( ax ( 2 ) , i n d ) ;

68 c i r c . no = [ ] ;

69 f o r q = 1 : l e n g t h ( c i r c . x )

70 c i r c . no {q} = [ ] ;

71 m = 1 ;

72 c i r c . no {q } .X = 0 ;

73 i nd0 = [ ] ;

74 f o r n = 1 : l e n g t h ( node . c o l {m} )

75 i f ( ( node . c o l {m} ( n )−c i r c . x ( q ) ) ^2+( node . row{m} ( n )−c i r c . y (

q ) ) ^ 2 − . . .

76 c i r c . r ^2 ) <0

77 c i r c . no {q } .X = c i r c . no {q } .X+1;

78 i nd0 ( end +1) = n ;

79 end

80 end

81 i f s h o w _ c o n n e c t i o n _ i n _ c i r c l e _ p l o t

82 p l o t ( node . c o l {m} ( ind0 ) , node . row{m} ( in d0 ) , ’ ro ’ , ’ p a r e n t ’ ,

ax ( 2 ) )

83 r e f r e s h ( f i g u r e ( g e t ( ax ( 2 ) , ’ p a r e n t ’ ) ) )

84 end

85 m = 2 ;

86 c i r c . no {q } .Y = 0 ;

87 i nd0 = [ ] ;

88 f o r n = 1 : l e n g t h ( node . c o l {m} )

89 i f ( ( node . c o l {m} ( n )−c i r c . x ( q ) ) ^2+( node . row{m} ( n )−c i r c . y (

q ) ) ^ 2 − . . .

90 c i r c . r ^2 ) <0

91 c i r c . no {q } .Y = c i r c . no {q } .Y+1;

92 i nd0 ( end +1) = n ;

93 end

94 end

95 i f s h o w _ c o n n e c t i o n _ i n _ c i r c l e _ p l o t

96 p l o t ( node . c o l {m} ( ind0 ) , node . row{m} ( in d0 ) , ’ go ’ , ’ p a r e n t ’ ,

ax ( 2 ) )
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97 r e f r e s h ( f i g u r e ( g e t ( ax ( 2 ) , ’ p a r e n t ’ ) ) )

98 end

99 m = 3 ;

100 c i r c . no {q } . I = 0 ;

101 i nd0 = [ ] ;

102 f o r n = 1 : l e n g t h ( node . c o l {m} )

103 i f ( ( node . c o l {m} ( n )−c i r c . x ( q ) ) ^2+( node . row{m} ( n )−c i r c . y (

q ) ) ^ 2 − . . .

104 c i r c . r ^2 ) <0

105 c i r c . no {q } . I = c i r c . no {q } . I +1 ;

106 i nd0 ( end +1) = n ;

107 end

108 end

109 i f s h o w _ c o n n e c t i o n _ i n _ c i r c l e _ p l o t

110 p l o t ( node . c o l {m} ( ind0 ) , node . row{m} ( in d0 ) , ’ bo ’ , ’ p a r e n t ’ ,

ax ( 2 ) )

111 r e f r e s h ( f i g u r e ( g e t ( ax ( 2 ) , ’ p a r e n t ’ ) ) )

112 end

113 end

114 g r i d ( ax ( 2 ) , ’ on ’ ) , box ( ax ( 1 ) , ’ on ’ ) , box ( ax ( 2 ) , ’ on ’ )

115 f i t _ a x e s 2 ( ax , [ 2 1 0 . 9 5 0 . 9 5 ] )
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Figure E.2: Example of MATLAB image output when performing Circular Scanlines

1 %% D e n s i t y p l o t :

2 node = g e t _ n o d e _ d a t a ( node ) ;

3

4 fh2 = f i g u r e ( ’ name ’ , f i g D e n s i t y ) ;

5 ax2 = [ s u b p l o t ( 2 , 3 , 1 , ’ p a r e n t ’ , fh2 ) . . .

6 s u b p l o t ( 2 , 3 , 2 , ’ p a r e n t ’ , fh2 ) . . .

7 s u b p l o t ( 2 , 3 , 3 , ’ p a r e n t ’ , fh2 ) . . .

8 s u b p l o t ( 2 , 3 , 4 , ’ p a r e n t ’ , fh2 ) . . .

9 s u b p l o t ( 2 , 3 , 5 , ’ p a r e n t ’ , fh2 ) ] ;

10 f o r k = 1 : l e n g t h ( ax2 )

11 ho ld ( ax2 ( k ) , ’ on ’ )

12 box ( ax2 ( k ) , ’ on ’ )

13 end

14

15 m = 1 ; % A l l

16 da ta row = node . rowT ;

17 d a t a c o l = node . co lT ;

18 t r y

19 [ optW C W X Y Z0 ] = d e n s i t y _ p l o t ( [ d a t a c o l da t a row ] , ax2 (m) ,

optW ) ;
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20 i f p l o t _ c h e c k % s h o w _ c o n n e c t i o n _ i n _ c i r c l e _ p l o t

21 p l o t _ c i r c l e s ( ax2 (m) , t e s t I d , ind , max ( max ( Z0 ) ) ) ;

22 end

23 end

24 t i t l e ( ax2 (m) , ’ I +Y+X’ )

25 r e f r e s h ( f i g u r e ( fh2 ) )

26

27 m = m+1; % I

28 da ta row = node . rowI ;

29 d a t a c o l = node . c o l I ;

30 t r y

31 [ optW C W X Y Z ] = d e n s i t y _ p l o t ( [ d a t a c o l da t a row ] , ax2 (m) ,

optW ) ;

32 i f p l o t _ c h e c k

33 p l o t 3 ( d a t a c o l , da tarow , repmat ( max ( max ( Z0 ) ) , l e n g t h ( da t a row

) , 1 ) , . . .

34 ’ k . ’ , ’ p a r e n t ’ , ax2 (m) )

35 end

36 end

37 t i t l e ( ax2 (m) , ’ I ’ )

38 r e f r e s h ( f i g u r e ( fh2 ) )

39

40 m = m+1; % X

41 da ta row = node . rowX ;

42 d a t a c o l = node . colX ;

43 t r y

44 [ optW C W X Y Z ] = d e n s i t y _ p l o t ( [ d a t a c o l da t a row ] , ax2 (m) ,

optW ) ;

45 i f p l o t _ c h e c k

46 p l o t 3 ( d a t a c o l , da tarow , repmat ( max ( max ( Z0 ) ) , l e n g t h ( da t a row

) , 1 ) , . . .

47 ’ k . ’ , ’ p a r e n t ’ , ax2 (m) )

48 end

49 end

50 t i t l e ( ax2 (m) , ’X’ )

51 r e f r e s h ( f i g u r e ( fh2 ) )

52

53 m = m+1; % Y

54 da ta row = node . rowY ;

55 d a t a c o l = node . colY ;

56 t r y

57 [ optW C W X Y Z ] = d e n s i t y _ p l o t ( [ d a t a c o l da t a row ] , ax2 (m) ,

optW ) ;

58 i f p l o t _ c h e c k

59 p l o t 3 ( d a t a c o l , da tarow , repmat ( max ( max ( Z0 ) ) , l e n g t h ( da t a row

) , 1 ) , . . .

60 ’ k . ’ , ’ p a r e n t ’ , ax2 (m) )

61 end

62 end

63 t i t l e ( ax2 (m) , ’Y’ )

64 r e f r e s h ( f i g u r e ( fh2 ) )

65

66 m = m+1; % X+Y
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67 da ta row = node . rowXY ;

68 d a t a c o l = node . colXY ;

69 t r y

70 [ optW C W X Y Z ] = d e n s i t y _ p l o t 2 ( [ d a t a c o l da t a row ] , ax2 (m) ,

optW ) ;

71 i f p l o t _ c h e c k

72 p l o t 3 ( d a t a c o l , da tarow , repmat ( max ( max ( Z0 ) ) , l e n g t h ( da t a row

) , 1 ) , . . .

73 ’ k . ’ , ’ p a r e n t ’ , ax2 (m) )

74 end

75 end

76 t i t l e ( ax2 (m) , ’X+Y’ )

77 r e f r e s h ( f i g u r e ( fh2 ) )

78

79 % F o r m a t t i n g t h e a x i s :

80 M = 1 ;

81 colmap = colormap ( fh2 , ’ j e t ’ ) ;

82 a x i s ( ax2 (M) , ’ e q u a l ’ )

83 a x i s ( ax2 (M) , ’ t i g h t ’ )

84 s e t ( ax2 (M) , ’ x t i c k ’ , [ ] , ’ y t i c k ’ , [ ] )

85 z d a t a = g e t ( f i n d o b j ( ax2 (M) , ’ t y p e ’ , ’ s u r f a c e ’ ) , ’ z d a t a ’ ) ;

86 z r a t i o = 100 / max ( max ( z d a t a ) ) ;

87 s e t ( f i n d o b j ( ax2 (M) , ’ t y p e ’ , ’ s u r f a c e ’ ) , ’ z d a t a ’ , z d a t a * z r a t i o )

88 l imc = g e t ( ax2 (M) , ’ c l im ’ ) ;

89 l imx = g e t ( ax2 (M) , ’ x l im ’ ) ;

90 l imy = g e t ( ax2 (M) , ’ y l im ’ ) ;

91 c o l o r b a r ( ’ p e e r ’ , ax2 (M) ) ;

92 box ( ax2 (M) , ’ on ’ )

93 % A d j u s t i n g c o l o r s c a l e r e l a t i v e t o maximum d e n s i t y :

94 f o r M = 2 :m

95 z d a t a = g e t ( f i n d o b j ( ax2 (M) , ’ t y p e ’ , ’ s u r f a c e ’ ) , ’ z d a t a ’ ) ;

96 s e t ( f i n d o b j ( ax2 (M) , ’ t y p e ’ , ’ s u r f a c e ’ ) , ’ z d a t a ’ , z d a t a * z r a t i o )

97 a x i s ( ax2 (M) , ’ e q u a l ’ )

98 a x i s ( ax2 (M) , ’ t i g h t ’ )

99 l imx2 = g e t ( ax2 (M) , ’ x l im ’ ) ;

100 l imy2 = g e t ( ax2 (M) , ’ y l im ’ ) ;

101 l imz2 = g e t ( ax2 (M) , ’ z l im ’ ) ;

102 i f p l o t _ c h e c k

103 p l o t 3 ( [ l imx2 ( 1 ) l imx2 ( 2 ) l imx2 ( 2 ) l imx2 ( 1 ) l imx2 ( 1 ) ] , . . .

104 [ l imy2 ( 1 ) l imy2 ( 1 ) l imy2 ( 2 ) l imy2 ( 2 ) l imy2 ( 1 ) ] , . . .

105 l imz2 ( 2 ) * 1 . 1 * [ 1 1 1 1 1 ] , . . .

106 ’w−−’ , ’ p a r e n t ’ , ax2 (M) )

107 end

108 xl im ( ax2 (M) , l imx )

109 yl im ( ax2 (M) , l imy )

110 c o l o r b a r ( ’ p e e r ’ , ax2 (M) ) ;

111 c a x i s ( ax2 (M) , l imc )

112 s e t ( ax2 (M) , ’ x t i c k ’ , [ ] , ’ y t i c k ’ , [ ] )

113 box ( ax2 (M) , ’ on ’ )

114 s e t ( ax2 (M) , ’ c o l o r ’ , colmap ( 1 , : ) )

115 end

116 f i t _ a x e s 2 ( ax2 , [ 6 2 0 . 9 5 0 . 9 5 ] )

117 pos = g e t ( fh2 , ’ p o s i t i o n ’ ) ;
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118 s e t ( fh2 , ’ p o s i t i o n ’ , [ pos ( 1 : 2 ) 800 pos ( 4 ) ] )

119

120 f u n c t i o n node = g e t _ n o d e _ d a t a ( node )

121 % G e t t i n g t o t a l number o f c o n n e c t i o n s : X*4 , Y*3 , I * 1 :

122 node . rowT = [ repmat ( node . row { 1 } , 4 , 1 ) ; r epmat ( node . row { 2 } , 3 , 1 ) ;

. . .

123 node . row { 3 } ] ;

124 node . co lT = [ repmat ( node . c o l { 1 } , 4 , 1 ) ; r epmat ( node . c o l { 2 } , 3 , 1 ) ;

. . .

125 node . c o l { 3 } ] ;

126

127 % G e t t i n g I c o n n e c t i o n s : I * 1 :

128 node . rowI = node . row { 3 } ;

129 node . c o l I = node . c o l { 3 } ;

130

131 % G e t t i n g X c o n n e c t i o n s : X* 4 :

132 node . rowX = repmat ( node . row { 1 } , 4 , 1 ) ;

133 node . colX = repmat ( node . c o l { 1 } , 4 , 1 ) ;

134

135 % G e t t i n g Y c o n n e c t i o n s : Y* 3 :

136 node . rowY = repmat ( node . row { 2 } , 3 , 1 ) ;

137 node . colY = repmat ( node . c o l { 2 } , 3 , 1 ) ;

138

139 % G e t t i n g X+Y c o n n e c t i o n s : X*4+Y* 3 :

140 node . rowXY = [ repmat ( node . row { 1 } , 4 , 1 ) ; r epmat ( node . row { 2 } , 3 , 1 ) ] ;

141 node . colXY = [ repmat ( node . c o l { 1 } , 4 , 1 ) ; r epmat ( node . c o l { 2 } , 3 , 1 ) ] ;

142

143 f u n c t i o n [ x y r ] = p l o t _ c i r c l e s ( ax , ind , z )

144 i f e x i s t ( ’ c ’ , ’ v a r ’ )

145 d e l e t e ( c )

146 end

147 x = [ ] ; y = [ ] ; r = [ ] ;

148 s w i t c h i n d

149 c a s e 1

150 % C i r c l e , c e n t e r x−p o s i t i o n :

151 x = [600 950 1300 450 950 1450 250 600 950 1300 1650 250

600 . . .

152 950 1300 1650 450 950 1450 600 950 1300 ] ;

153 % C i r c l e , c e n t e r y−p o s i t i o n :

154 y = [1500 1500 1500 1250 1250 1250 1000 1000 1000 1000

1000 750 . . .

155 750 750 750 750 500 500 500 300 300 3 0 0 ] ;

156 % C i r c l e r a d i u s :

157 r = [ 1 7 0 ] ;

158 o t h e r w i s e

159 x = [ ] ; % C i r c l e , c e n t e r x−p o s i t i o n

160 y = [ ] ; % C i r c l e , c e n t e r y−p o s i t i o n

161 r = [ ] ; % C i r c l e r a d i u s

162 end

163 i f ~ e x i s t ( ’ z ’ ) , z = 0 ; end

164 c = [ ] ;

165 f o r k = 1 : l e n g t h ( x )

166 c ( 1 , end +1) = c i r c l e ( x ( k ) , y ( k ) , z , r , ax ) ;
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167 c ( 2 , end ) = t e x t ( x ( k ) , y ( k ) , num2s t r ( k ) , ’ v e r t i c a l a l i g n m e n t ’ , ’

midd le ’ , . . .

168 ’ h o r i z o n t a l a l i g n m e n t ’ , ’ c e n t e r ’ ) ;

169 end

170

171 f u n c t i o n f i t _ a x e s 2 ( ax0 , naxes )

172 x0 = 0 : 1 / naxes ( 1 ) :1−1/ naxes ( 1 ) ;

173 x0 = x0 ( 1 : naxes ( 2 ) : end ) ;

174 y0 = 0 : 1 / naxes ( 2 ) :1−1/ naxes ( 2 ) ;

175 w0 = 1 / ( naxes ( 1 ) / naxes ( 2 ) ) ;

176 h0 = 1 / naxes ( 2 ) ;

177 dx = (1− naxes ( 3 ) ) / 2 ;

178 dy = (1− naxes ( 4 ) ) / 2 ;

179

180 i ndx0 = r e s h a p e ( rnd ( 1 : naxes ( 1 ) , c e i l ( naxes ( 1 ) / naxes ( 2 ) ) ) , . . .

181 c e i l ( naxes ( 1 ) / naxes ( 2 ) ) , naxes ( 2 ) ) ;

182 i ndy0 = ones ( c e i l ( naxes ( 1 ) / naxes ( 2 ) ) , 1 ) * [ naxes ( 2 ) : −1 : 1 ] ;

183

184 dx = dx / s i z e ( indx0 , 1 ) ;

185 dy = dy / s i z e ( indx0 , 2 ) ;

186

187 fh = g e t ( ax0 ( 1 ) , ’ p a r e n t ’ ) ;

188 c o l B a r = ~ i s e m p t y ( f i n d a l l ( fh , ’ t a g ’ , ’ C o l o r b a r ’ ) ) ;

189 i f c o l B a r

190 c o l B a r 0 = f l i p u d ( f i n d a l l ( fh , ’ t a g ’ , ’ C o l o r b a r ’ ) ) ;

191 f o r k = 1 : l e n g t h ( ax0 )

192 i f ~ i s e m p t y ( f i n d ( s t r c mp ( g e t ( c o l B a r 0 ( min ( k , l e n g t h ( c o l B a r 0

) ) ) , . . .

193 ’ l o c a t i o n ’ ) , { ’ Nor th ’ , ’ South ’ , ’ West ’ , ’ E a s t ’ } ) ) ) %

I n s i d e

194 c o l B a r ( k ) = 0 ;

195 e l s e

196 c o l B a r ( k ) = 1 ;

197 end

198 end

199 e l s e

200 c o l B a r = z e r o s ( 1 , l e n g t h ( ax0 ) ) ;

201 end

202 s e t ( ax0 , ’ L o o s e I n s e t ’ , [ 0 0 0 0 ] )

203 r e f r e s h ( f i g u r e ( fh ) )

204 drawnow

205

206 pos1 = [ ] ;

207 ou t1 = [ ] ;

208 o u t T i g h t 1 = [ ] ;

209 f o r k = 1 : l e n g t h ( ax0 )

210 ou t1 { end +1} = g e t ( ax0 ( k ) , ’ o u t e r p o s i t i o n ’ ) ;

211 o u t T i g h t 1 { end +1} = g e t ( ax0 ( k ) , ’ t i g h t I n s e t ’ ) ;

212 pos1 { end +1} = g e t ( ax0 ( k ) , ’ p o s i t i o n ’ ) ;

213 end

214

215 o u t T i g h t 0 = c e l l 2 m a t ( o u t T i g h t 1 ( : ) ) ;

216 o u t T i g h t 0 _ 1 = max ( o u t T i g h t 0 ( : , 1 ) ) ;
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217 o u t T i g h t 0 _ 2 = max ( o u t T i g h t 0 ( : , 2 ) ) ;

218 o u t T i g h t 0 _ 3 = max ( o u t T i g h t 0 ( : , 3 ) ) ;

219 o u t T i g h t 0 _ 4 = max ( o u t T i g h t 0 ( : , 4 ) ) ;

220 ou t0 = c e l l 2 m a t ( ou t1 ( : ) ) ;

221 ou t0_3 = max ( ou t0 ( : , 3 ) ) ;

222 pos0 = c e l l 2 m a t ( pos1 ( : ) ) ;

223 pos0_2 = max ( pos0 ( : , 2 ) ) ;

224 pos0_3 = min ( pos0 ( : , 3 ) ) ;

225

226 newPos1 = [ ] ;

227 f o r k = 1 : l e n g t h ( ax0 )

228 newPos1 { end +1} = x0 ( indx0 ( k ) ) +dx + o u t T i g h t 0 _ 1 ;

229 newPos1 { end } ( end +1) = y0 ( indy0 ( k ) ) +dy + o u t T i g h t 0 _ 2 ;

230 i f c o l B a r ( k )

231 newPos1 { end } ( end +1) = w0−2*dx−o u t T i g h t 0 _ 1−o u t T i g h t 0 _ 3

− . . .

232 ( pos0_3−o u t T i g h t 0 _ 3 ) ;

233 e l s e

234 newPos1 { end } ( end +1) = w0−2*dx−o u t T i g h t 0 _ 1−o u t T i g h t 0 _ 3 ;

235 end

236 newPos1 { end } ( end +1) = h0−2*dy−o u t T i g h t 0 _ 2−o u t T i g h t 0 _ 4 ;

237 end

238 f o r k = 1 : l e n g t h ( ax0 )

239 s e t ( ax0 ( k ) , ’ p o s i t i o n ’ , newPos1 {k } )

240 end

241 r e f r e s h ( f i g u r e ( fh ) )

242

243 f u n c t i o n new_lim = new_lim ( new_lim , n t i c k , s t e p , new_lim0 )

244 i f l e n g t h ( new_lim ) > n t i c k

245 new_lim = check_ l im ( new_lim , s t e p , new_lim0 ) ;

246 w h i l e l e n g t h ( new_lim ) >2* n t i c k

247 s t e p = s t e p * 2 ;

248 i f min ( new_lim0 ) <0 && max ( new_lim0 ) >0 % I n c l u d e z e r o :

249 new_lim = [ f l i p l r (0:− s t e p : new_lim ( 1 ) ) s t e p : s t e p :

new_lim ( end ) ] ;

250 e l s e

251 new_lim = f l o o r ( new_lim ( 1 ) ) : s t e p : c e i l ( new_lim ( end ) ) ;

252 end

253 new_lim = check_ l im ( new_lim , s t e p , new_lim0 ) ;

254 end

255 e l s e

256 new_lim = check_ l im ( new_lim , s t e p , new_lim0 ) ;

257 w h i l e l e n g t h ( new_lim ) < n t i c k

258 s t e p = s t e p / 2 ;

259 i f min ( new_lim0 ) <0 && max ( new_lim0 ) >0 % I n c l u d e z e r o :

260 new_lim = [ f l i p l r (0:− s t e p : new_lim ( 1 ) ) s t e p : s t e p :

new_lim ( end ) ] ;

261 e l s e

262 new_lim = f l o o r ( new_lim ( 1 ) ) : s t e p : c e i l ( new_lim ( end ) ) ;

263 end

264 new_lim = check_ l im ( new_lim , s t e p , new_lim0 ) ;

265 end

266 end
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267

268 f u n c t i o n new_lim = check_ l im ( new_lim , s t e p , new_lim0 )

269 t r y

270 w h i l e new_lim ( 2 ) <min ( new_lim0 )

271 new_lim ( 1 ) = [ ] ;

272 end

273 end

274 t r y

275 w h i l e new_lim ( end−1)>max ( new_lim0 )

276 new_lim ( end ) = [ ] ;

277 end

278 end

279 t r y

280 w h i l e new_lim ( 1 ) >min ( new_lim0 )

281 new_lim = [ new_lim ( 1 )−s t e p new_lim ] ;

282 end

283 end

284 t r y

285 w h i l e new_lim ( end ) <max ( new_lim0 )

286 new_lim = [ new_lim new_lim ( end ) + s t e p ] ;

287 end

288 end

289

290 f u n c t i o n [ optW C W X Y Z ] = d e n s i t y _ p l o t 2 ( x0 , ax ,W)

291 % [ optW C W X Y Z ] = d e n s i t y _ p l o t 2 ( x0 , ax ,W)

292 %

293 % This f u n c t i o n c a l l s a code SSKERNEL2D d e v e l o p e d by H i d e a k i

Sh imazak i

294 % ( h t t p : / / 2 0 0 0 . j u k u i n . k e i o . ac . j p / s h i m a z a k i )

295 %

296 % I n p u t :

297 % x0 − double , { d e f a u l t d a t a } , 2D p o i n t−da ta , mx2 m a t r i x

298 % ax − double , o p t i o n a l , {new axes } h a n d l e t o axes t o p l o t i n

299 % W − v e c t o r , o p t i o n a l , { l o g s p a c e (−2 ,−1.6 ,2) } , b a n d w i d t h s t o

be

300 % s e a r c h e d . O r i g i n a l r a n g e i s { l o g s p a c e (−2 .2 ,− . 5 ,50) } . I t

seems t h a t

301 % t h e n a r r o w e r t h e r a n g e t h e l e s s smoothing , b u t t h e

r a n g e s h o u l d be

302 % o p t i m i z e d f o r e v e r y use .

303 %

304 % Outpu t :

305 % optW − double , o p t i m a l bandwid th

306 % C − Bandwith

307 % W − Bandwidth

308 % X − double , g r i d d a t a , x−v a l u e s

309 % Y − double , g r i d d a t a , y−v a l u e s

310 % Z − double , g r i d d a t a , d e n s i t y−v a l u e s

311 %

312 [ optW C W X Y Z ] = s s k e r n e l 2 d 2 ( x0 , ax ,W) ;

313

314 f u n c t i o n [ optW C W X Y Z ] = s s k e r n e l 2 d 2 ( x0 , ax ,W)

315 % [ optW C W X Y Z ] = s s k e r n e l 2 d 2 ( x0 , ax ,W)
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316 %

317 % C o p y r i g h t ( c ) 2010 , H i d e a k i Sh imazak i A l l r i g h t s r e s e r v e d .

318 % h t t p : / / 2 0 0 0 . j u k u i n . k e i o . ac . j p / s h i m a z a k i

319 % See a l s o : h t t p : / / t o y o i z u m i l a b . b r a i n . r i k e n . j p / h i d e a k i / r e s /

k e r n e l . h tml

320 %

321 x = x0 ;

322 d imens ion = ’ 2d ’ ;

323 gn = 10 0 ; % # of g r i d p o i n t s

324

325 %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

326 % P a r a m e t e r s S e t t i n g s

327 Dx = ( max ( x ( : , 1 ) )−min ( x ( : , 1 ) ) ) ;

328 Dy = ( max ( x ( : , 2 ) )−min ( x ( : , 2 ) ) ) ;

329 x ( : , 1 ) = ( x ( : , 1 ) − min ( x ( : , 1 ) ) ) / Dx ;

330 x ( : , 2 ) = ( x ( : , 2 ) − min ( x ( : , 2 ) ) ) / Dy ;

331

332 N _ t o t a l = l e n g t h ( x ( : , 1 ) ) ; % T o t a l number o f samples .

333

334 %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

335 % Compute a Cos t F u n c t i o n

336 t a u = t r i u ( ones ( N _ t o t a l , 1 ) *x ( : , 1 ) ’ − x ( : , 1 ) * ones ( 1 , N _ t o t a l ) , 1 )

;

337 i d x = t r i u ( ones ( N _ t o t a l , N _ t o t a l ) , 1 ) ;

338 TAU1 = t a u ( l o g i c a l ( i d x ) ) . ^ 2 ;

339

340 t a u = t r i u ( ones ( N _ t o t a l , 1 ) *x ( : , 2 ) ’ − x ( : , 2 ) * ones ( 1 , N _ t o t a l ) , 1 )

;

341 TAU2 = t a u ( l o g i c a l ( i d x ) ) . ^ 2 ;

342

343 TAU = TAU1+TAU2 ;

344

345 C = z e r o s ( 1 , l e n g t h (W) ) ;

346

347 s w i t c h d imens ion

348 c a s e ’ 2d ’

349 f o r k = 1 : l e n g t h (W)

350 w = W( k ) ;

351 C( k ) = N _ t o t a l /w/w + 2 /w/w*sum ( sum ( exp(−TAU/ 4 / w/w) −

. . .

352 4* exp(−TAU/ 2 /w/w) ) ) ; %2d

353 end

354 C = C / 4 / p i ; %2d

355 c a s e ’ 1d ’

356 f o r k = 1 : l e n g t h (W)

357 w = W( k ) ;

358 C( k ) = N _ t o t a l /w + 2 /w*sum ( sum (2* exp(−TAU/ 4 /w/w) −

. . .

359 2* s q r t ( 2 ) * exp(−TAU/ 2 /w/w) ) ) ; %1d
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360 end

361 C = C / 2 / s q r t ( p i ) ; %1d

362 end

363

364 %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

365 % S e l e c t i o n o f Opt imal Bandwidth

366 [ optC , nC ] = min (C) ;

367 optW = W( nC ) ;

368

369 %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

370 x _ g r i d = l i n s p a c e ( 0 , 1 , gn ) ;

371 y _ g r i d = l i n s p a c e ( 0 , 1 , gn ) ;

372 Z = z e r o s ( gn , gn ) ; X = Z ; Y = Z ;

373

374 gauss2d = @( x ,w) 1 / ( 2 * p i *w*w) * exp(−sum ( x . ^ 2 , 2 ) / 2 / w/w) ;

375

376 f o r i = 1 : l e n g t h ( x _ g r i d )

377 f o r j = 1 : l e n g t h ( y _ g r i d )

378 d = ones ( N _ t o t a l , 1 ) * [ x _ g r i d ( i ) y _ g r i d ( j ) ] − x ;

379 Z ( i , j ) = mean ( gauss2d ( d , optW ) ) ;

380

381 X( i , j ) = x _ g r i d ( i ) ;

382 Y( i , j ) = y _ g r i d ( j ) ;

383 end

384 end

385

386 X = X*Dx+min ( x0 ( : , 1 ) ) ;

387 Y = Y*Dy+min ( x0 ( : , 2 ) ) ;

388 Z = Z* N _ t o t a l / gn ;

389

390 s u r f (X, Y, Z , ’ p a r e n t ’ , ax ) ;

391 view ( ax , 2 ) , s h a d i n g ( ax , ’ f l a t ’ ) ; l i g h t i n g ( ax , ’ phong ’ )
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Figure E.3: Example of density maps output
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