Appendix A: Pseudo-Code for Variance Calculation Program

APPENDIX A

PseuD0-CoDE FOR VARIANCE CALCULATION PROGRAM

A.l. PDF for two Pointsin a Square with Side Length of A

f(xl,)/l,r,A):dl%

f1={0<r<A 0<qg<ql

r r.
1- —co 1- —snqg)d
( A S )( A q)dq

f2=lA<r<J2A acosD)<q <asin(é)§
1 r r

A.2. Correlation Coefficient for Two Pointsin a Rectangle with Side Length L and Width
W

Q (- Lsinq)(l- Lcosq)e‘““”“‘” dg
w I

a(x2,y2,k,r,LW,ql) = .
N ekcos[Z(J )] dj

al={0<r<w, 0<q<ql

N

a2={W<r <L, O<q<as'n(ﬂ)§
r

—_———

a3=tL<r </L>+W?, acos(E) <q <asin(v—v)§
i r r

Q
N
1

{o<r<L, 0<qg<qt

W L :
. acos(—) <q <q1
1 S(r) q q%

W 1< r<«L*+W?, acos(L) <q <asin(V—V)§
r r

. acosD) <q <qi
r b
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Appendix A: Pseudo-Code for Variance Calculation Program

A.3. Variance Function

R
N

Variance(W, L, A,Ql) = Q:( f (x4, y4r, A)xapha(x2,y2,k,r,L,W,gl)dr

A.4. Variance Calculation for the von Mises Distributed Flake Orientation (k* Oand gz =
%)
Inputs to the program are: flake length (L) and width (W), side length of square zones (A), and

concentration parameter (k).

Equations used to implement the Visual Basic program

rA

SI(L,W,A k) = f(O,%,r,A)-aIpha(O,%,k,r,L,W) dr
40
-./\/EA
. A . fA p
2(L,W,A k) = f(acos(—) ,asm(—) ,r,A)-aIpha(O,E,k,r,L,W) dr
r r
JA

varl(L,W,A k) :=SI(L,W,A k) + S2L,W,A, k)

rwW

S3(L,W,A k) = f(acos(é) asm(é) ,r,A)-alpha(O,%,k,r,L,W) dr
r r

JA

o

SA(L,W,A k) = f(acos(é) asm(é) ,r,A)-alpha(O,asin(ﬂ) ,k,r,L,W) dr
r r r
JW

var2(L,W,A k) :=SI(L,W,A k) + S3(L,W,A k) + SAL,W,A k)

rL

(L, W, A k) = f(acos(é) ,asin(é) ,r,A)-aIpha(O,asin(ﬂ) ,k,r,L,W) dr
r r r

‘W

on

SB(L,W,A k) = f(acos(é) ,asin(é) ,r,A)-aIpha(acos(E) ,asin(ﬂ) ,k,r,L,W) dr
r r r r
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Appendix A: Pseudo-Code for Variance Calculation Program

var3(L,W,A k) :=SI(L,W,A k) + S3(L,W,A k) + S5(L,W,A k) + S5(L,W,A k)

L"+W
S7(L,W,A k) = f(acos(é) asm(é) ,r,A)-aIpha(acos(E) asn(ﬂ) ,k,r,L,W) dr
r r r r

vard(L,W,A k) :=SI(L,W,A k) + S3(L,W,A k) + S5(L,W,A k) + S7(L,W,A k)

W
SB(L,W,A,K) = f(O,%,r,A)-aIpha(O,%,k,r,L,W) dr

rA

SO(L,W,A k) i= f(o,ﬂz,r,A)-alpha(o,asn(ﬂ) ,k,r,L,W) or
r

‘W

o

SI10(L,W,A k) := f(acos(é) asm(é) ,r,A)-aIpha(O,asin(ﬂ) ,k,r,L,W) dr
r r r
A
var5(L,W,A k) :=S8(L,W,A k) + S9(L,W,A k) + S10(L,W,A k)
L
S1(L,W,A k) = f(acos(é) ,asin(ﬁ) ,r,A)-alpha(O,asin(ﬂ) ,k,r,L,W) dr

r r r
A

var6(L,W,A k) :=S8(L,W,A,K) +S9(L,W,A,k)+ SII(L,W,A,K) + S5(L,W,A k)
var7(L,W,A k) :=S8(L,W,A k) + S9(L,W,A k) + SII(L,W,A k) + S7(L,W,A k)
"L

SI2(L,W,A K) = f(o,%,r,A)-aJpha(o,asjn(ﬂ) ,k,r,L,W) or
r

SI3(L,W,A k) := f(O,%,r,A) -a pha(acos(k) ,asin(ﬂ) Kk, L,W) ar
r r

S14(L,W,A k) := f(acos(é) asm(é) ,r,A) -alpha(acos(k) asm(ﬂ) K, L,W) dr

r r r r
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Appendix A: Pseudo-Code for Variance Calculation Program

var8(L,W,A k) :=S8(L,W,A k) + SI2(L,W,A k) + SI3(L,W,A,K) + SI4L,W,A k)

L*+W

S15(L,W,A k) := f(acos(é) asm(é) ,r,A) -alpha(acos(k) asm(ﬂ) K, L,W) dr
r r r r
A

var9(L,W,A k) :=S8(L,W,A k) + S12(L,W,A k) + S13(L,W,A,k) + SI5(L,W,A k)
L*+W

S16(L,W,A k) := f(O,%,r,A)-alpha(acos(L) asm(ﬂ) ,k,r,L,W) dr
r r
L

var1o(L,W,A k) :=S8(L,W,A, k) + SI2(L,W,A k) + SI6(L,W,A k)

Visual Basic pseudo-code
if (AW
if (J2A<W)

A J2A
var:Var1:©f1>eldr+Q f2xaldr
el seif (V2A<L)
A W J2A
va:Var2:©f1><a1dr+(‘) f2>eldr+Q f2>xa2dr
el seif (J2A<yLZ+W?)

A w & J2a
var =Var3= 0 flxaldr +Q f2xaldr +Q f2xa2dr +Q f2xa3dr

el se
A W L J2+w?2
var:Var4:©fl><a1dr+Qf2>eldr+Qf2><a2dr+Q f2xa3dr
endi f
el seif (W<A<L)
i f («/§A<L)

w A RE
var =Var5= Q flxaldr + Q f1xa2 dr +Q f2xa2dr
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Appendix A: Pseudo-Code for Variance Calculation Program

el seif (J2A<yLZ+W?)
w A L J2a
var:VarG:Qfl><aldr+Qfl>aZdr+(‘)f2><a2dr+(‘g f2>xa3dr
el se
w A L JZew?
var :Var7:© fl>eldr+Qf1>aZdr+Qf2>aZdr+Q f2>xa3dr

endi f

el seif (L<A<L2+W?)
it (V2A<dP+wW?)

w L A J2A
var =Var8= o flxaldr +Q fl1xa2dr +(‘9 f1xa3dr+ Q f2>xa3dr
el se
W L A A 124w 2
var :VarQ:Q fl>eldr+Qf1>aZdr+(‘Dfl><aBdr+Q f2xa3dr

endi f
el se
W

var =Var10= ¢ f1><aldr+c‘3f1><aZ dr +(‘9L " f1xa3dr

endi f

A.5. Variance Calculation for the Uniform Distributed Flake Orientation (k = 0)

Inputs to the program are: flake length (L) and width (W), side length of square zones (A), and

range of angles (n).

Equations used to implement the Visual Basic program

rA
T1(L,W,A ql) := f(O,%,r,A)-aIpha(O,ql,ql,r,L,W) dr
40
-./\/EA
T2(L,W,A,ql) = f(acos(é) ,asin(é) ,r,A)-aIpha(O,ql,ql,r,L,W) dr
r r
JA
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varl(L,W,A,ql):

T3(L,W,A,ql) :=

T4(L,W,A ql) :=

var2(L,W,A,ql) :

T5L,W,A,ql) :=

T6(L,W,A ql) :=

var3(L,W,A,ql) :

T7(L,W,A,ql) =

vard(L,W,A ,ql) :

T8(L,W,A ql) :=

TYL,W,A ql) :=

Appendix A: Pseudo-Code for Variance Calculation Program

=TLL,W,A,ql)+ T2(L,W,A,ql)

w
sin(ql) A
f(acos(—) ,asin(—) ,r,A) -alpha(0,q1,q1,r,L,W) dr
r r
JA
-./\/EA
f(acos(ﬁ) asm(é) ,r,A) -alpha(O,asin(ﬂ) ,q1,r,L,W) dr
r r r
w
4sin(q1)

=T1(L,W,A,q1) + TL,W,A,ql) + T4L,W,A,q1)
"L

el o ot )

“sin(q1)

o

(e e ) ) et )

=TLL,W,A,ql)+ T3L,W,A,q1) + TS(L,W,A,q1) + T6(L,W,A,ql)

(e e ) ) et )

=TLL,W,A,ql) + T3L,W,A,q1) + TS(L,W,A,q1) + T7(L,W,A,ql)

L2+ w?

w
sin(ql)
f(o’%'r’A) alpha(qulvqlara L,W) dr
40
rA
f(O,%,r,A)-alpha(O,asin(ﬂ) ,ql,r,L,W) dr
r
w
4sin(q1)
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Appendix A: Pseudo-Code for Variance Calculation Program

A2a

T10(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A)-alpha(O,asin(ﬂ) ,ql,r,L,W) ar
r r r

Ia
vars(L,W,A,ql) :=T8(L,W,A,q1) + TAL,W,A,ql) + TIO(L,W,A,q1)
L

T11(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A)-alpha(O,asin(ﬂ) ,ql,r,L,W) dr
r r r

IA
var6(L,W,A,q1) :=T8(L,W,A,ql) + TYL,W,A,ql) + TI1(L,W,A,ql) + T&L,W,A,q1)

var7(L,W,A,ql) :=T8(L,W,A,q1) + TAL,W,A,ql) + TII(L,W,A,q1) + T7(L,W,A,q1)

rL
T12(L,W,A ql) = f(o,%,r,A)-alpha(o,asjn(ﬂ) ,ql,r,L,W) or
r
w
sin(ql)
rA
. p L W
T13(L,W,A,ql) := f O,E,r,A -alphal acos|—|,asin|—|,q1,r,L,W| dr
r r
JL
'4/_2.A
Ti4(L,W,A,ql) = f(acos(é) ,asin(é) ,r,A) -alpha(acos(k) ,asin(ﬂ) ,ql,r,L,W) dr
r r r r
JA

var8(L,W,A,q1) :=T8L,W,A,ql) + T12(L,W,A,ql) + T13(L,W,A,ql) + T14L,W,A,q1)

L™+ W
T15(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A) -alpha(acos(k) ,asin(ﬂ) ,ql,r,L,W) dr
r r r r
JA

var9(L,W,A,q1) :=T8L,W,A,q1) + TI2(L,W,A,q1) + T13(L,W,A,ql) + T15(L,W,A q1)

L*+W

T16(L,W,A,ql) := f(O,%, r,A) -alpha(acos(k) asm(ﬂ) ,q1,r, L,W) ar
r r

varlo(L,W,A,q1) :=T8L,W,A,q1) + T12(L,W,A,q1) + T16(L,W,A,ql)
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Appendix A: Pseudo-Code for Variance Calculation Program

varll(L,W,A,ql) :=varl(L,W,A,ql)

ML

T17(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A)-alpha(O,ql,ql,r,L,W) dr
r r
JA

o

T18(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A) -alpha(acos(k) .q1,q1,r, L,W) dr
r r r

JL

varl2(L,W,A,q1) :=TL(L,W,A,ql) + T17(L,W,A,q1) + T18(L,W,A ,q1)

w
sin(q1) L
T19(L,W,A,ql) := f(acos(—) ,ql,r,A)-aIpha(acos(—) ,ql,ql,r,L,W) dr
r r
JL
'4/_2.A
T20(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A)-alpha(acos(E) ,asin(ﬂ) ,ql,r,L,W) dr
r r r r
w
-sin(q1)

varl3(L,W,A,q1) :=TL(L,W,A,qL) + T17(L,W,A,q1) + TI9(L,W,A,q1) + T20(L,W,A,q1)

L"+W
T21(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A) -alpha(acos(k) ,asin(ﬂ) ,ql,r,L,W) dr
r r r r
w
J4sin(ql)

varl4(L,W,A ,q1) :=T1L(L,W,A,q1) + T17(L,W, A ,q1) + TIH(L,W,A,q1) + T21(L,W,A ,q1)

T22(L,W,A,ql) := f(O,%,r,A)-aIpha(O,ql,ql,r,L,W) dr
40

T23(L,W,A,ql) := f(O,%,r,A) -alpha(acos(k) ,q1,q1,r, L,W) ar
r
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Appendix A: Pseudo-Code for Variance Calculation Program

A2a

T24(L,W,A,ql) := f(acos(é) ,asin(é) ,r,A) -alpha(acos(k) ,q1,q1,r, L,W) adr
r r r

Ia
varl5(L,W,A,q1) :=T22(L,W,A,q1) + T23(L,W,A ,q1) + T24(L,W,A,q1)

W
sin(q1)

T25(L,W,A,ql) := f(acos(é) ,asin(ﬁ) ,r,A)-alpha(acos(L) ,ql,ql,r,L,W) ar
r r r

Ia
varl6(L,W,A,q1) :=T22(L,W,A ,q1) + T23(L,W,A,q1) + T25(L,W,A,q1) + T20(L,W, A, q1)

varl7(L,W,A,q1) :=T22(L,W,A,q1) + T23(L,W,A,q1) + T25(L,W,A,q1) + T21(L,W,A ,q1)

w
sin(q1) L
T26(L,W,A,ql) := f(O,%,r,A)-alpha(acos(—) ,ql,ql,r,L,W) dr
r
JL
rA
. p L W
T27(L,W,A,ql) := f O,E,r,A -alphal acos|—|,asin|—|,q1,r,L,W| dr
r r
w
J4sin(ql)

var18(L,W,A,q1) :=T22(L,W,A,ql) + T26(L,W,A,q1) + T27(L,W,A,q1) + T14(L,W A ,q1)

varlo(L,W,A ,q1) :=T22(L,W,A,ql) + T26(L,W,A ,q1) + T27(L,W,A,q1) + TI5(L,W,A ,q1)

L*+W

T28(L,W,A,ql) := f(O,%, r,A) -alpha(acos(k) asm(ﬂ) ,q1,r, L,W) ar
r r

W
J4sin(ql)

var20(L, W, A ,q1) :=T22(L,W,A,ql) + T26(L,W,A,q1) + T28(L,W,A,q1)
var21(L,W, A, ql) :=varli(L,W,A,ql)

var22(L,W,A,ql) :=var12(L,W,A,ql)
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Appendix A: Pseudo-Code for Variance Calculation Program

L

cos(ql)

T29(L,W,A,ql) := f(acos(—) ,asin(é) ,r,A) -alpha(acos(k) ,q1,q1,r, L,W) dr
r r r
JL

var23(L,W,A,q1) :=TL(L,W,A,q1) + T17(L,W,A ,q1) + T29(L,W,A,q1)

rA
T30(L,W,A,ql) := f(O,%,r,A)-alpha(acos(E) ,ql,ql,r,L,W) ar
r
JL
./\/_ZA
A CTA L
T31L(L,W,A,ql) := f(acos(—) ,asm(—) ,r,A) -alpha(acos(—) ,q1,q1,r, L,W) dr
r r r
JA

var24(L, W, A ,q1) :=T22(L,W,A,ql) + T30(L,W,A,q1) + T31(L,W,A,q1)

L

cos(ql)

T32(L,W,A,ql) := f(acos(—) ,asin(é) ,r,A) -alpha(acos(k) ,q1,q1,r, L,W) dr
r r r
JA

var25(L, W, A,q1) :=T22(L,W,A ,q1) + T30(L,W,A,q1) + T32(L,W A ,ql)

L

cos(ql) L
T33(L,W,A,ql) := f(O,%, r,A) -alpha(acos(—) ,q1,q1,r, L,W) dr
r

var26(L,W,A,q1) :=T22(L,W,A,q1) + T33(L,W,A,qL

Visual Basic pseudo-code

't (aL>asn(0)

i f (A<

énql)
w
snqgl

if (J2A<

)
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Appendix A: Pseudo-Code for Variance Calculation Program

A NEIN
Varlz(;) flxaldr +Q f2xaldr

el seif (V2A<L)

A W A2A
Var2 = Q f1xaldr +d'“q1 f2xaldr +(‘Mf2><a2dr

singl

el seif (V2A<LZ+W?)

A W L J2A
VarB:Q flxaldr +(j'“q1f2><aldr +(\M f2xa2dr +(‘D f2xa3dr

singl
el se

A w_ L JZrw?
Var4=©f1><aldr+@'m1f2>eldr+(‘Mf2>62dr+(‘? f2xa3dr

singl

endi f

w

el seif ( 1<A<L)

it (V2A<L)

W A J2A
VarS:@'mlflmldr+(‘Mfl>32dr+Q f2xa2dr

singl

el seif (V2A<L?+W?)

—_ A L Jn
Var6= @‘ml flxaldr + 0w flxa2dr + 0 f2xa2dr+ Q f2>xa3dr

sing1

el se

v A $ Jew?
Var7 = '“q1f1>eldr+(Mflvadr+Q f2>aZdr+Q f2xa3dr

singl

endi f

el seif (L<A<LZ+W?)
it (V2A<LZ+W?)
A2

w
Varg= § f Laldr + ¢, fla2dr +(‘5 f1>a3dr+QA f 2a3 dr

singl

el se
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- < A Jzew?
Var9:@'“q1f1xaldr+mf1>62dr+q f1><anr+Q f2xa3dr

sinql

endi f
el se
Varlo=§ i fhaldr + @y fla2dr+¢  fla3dr
sinql
endi f
. . W
el seif (q,>asn(—)
L? +W?
if ( A< L)
if (J2A<L)

A J2A
Varll= Q flxaddr +(‘) f2xaddr

W
el sei f (V2A<

sn ql)

A L NEIN
Varl2 = @ flxaddr +Qf 2xaddr +Q f 2xa5dr
el seif (J2A<yLZ+W?)

A L W A2A
Var13:(‘9 flxad dr +Qf2><a4dr +(j'rq1 f2xabdr +(\l f2xa6dr

singl

el se

A L 2 A 124w 2
Varl4 = @ flxaddr +Qf 2xaddr +(j'”q1 f2>xabdr +C‘M f 2xa6 dr

singl

endi f

W

snqgl
w
snqgl

el seif (L<A<

)

if (V2A<

)

L A J2A
Var15:(‘9 fl1xad dr +Qf1>65dr +c‘) f2xa5dr

el seif (J2A<yLZ+W?)
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w
— B
Vari6 = ¢ fladdr + () f1a5dr + ™ f2xa5dr + ), f2>e6dr

singl

el se

L A L \JL2+W2
Varl7 = Q flxad dr +Q fl1xabdr +d‘”q1 f2xab5dr + Qv f2xa6 dr

singl
endi f
el seif ( s'r\:\:q1< A<LZ+W?)

it (V2A<dP+wW?)

L W A J2A
Varl8 = @f1><a4dr +@'"q1 f1xabdr +C‘M flxa6dr +Q f2xa6 dr

singl

el se

L _W A J12+w?
Var19:©f1><a4dr+ nal f1><a5dr+c‘M f1xa6 dr +(‘) f2xa6dr

sinql

endi f

el se

w JiZew?
Var20:6f1>a4dr+(‘j“q1f1>65dr+c‘iw f1xa6 dr
sinql
endi f
el se

if (A<L)

if (J2A<L)

A J2A
Var21:@ f1xa4 dr +Q f2xad dr

el sei f (V2A<

cosgl )

A L R
Var22=Q f1xad dr +Qf2>a4dr +Q f2xa7dr

el se

L
Var23= 6fl>a4dr +6f 2>xaddr +©Wu f2>xa7dr
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endi f
L
cosgl

L
cosql

el seif (L<A<

)

it (V2A<——)

L A REL
Var24 = 0 flxaddr + Q fl1xa7 dr +Q f2xa7dr

el se

L
Var25:6fl><a4dr +(‘5f1>a7dr +(‘F f2xa7 dr

endi f

el se

L
Var 26 = (5 fhaddr + < f1a7dr

endi f

endi f
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