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Month Azimuth Zenith ang. Elevation | x (west) y (south) | z(zenith)

1 | Dec -30 62 28 -0.441 0.765 0.469

2 | Feb -40 51 39 -0.500 0.595 0.629

10h 3 | Mar -50 42 48 -0.513 0.430 0.743
4 | Apr -60 34 56 -0.484 0.280 0.829

5 | May -75 29 61 -0.468 0.125 0.875

6 | Jun -85 28 62 -0.468 0.041 0.883

7 | Dec 0 55 35 0.000 0.819 0.574

8 | Feb 0 42 48 0.000 0.669 0.743

12h 9 | Mar 0 31 59 0.000 0.515 0.857
10 | Apr 0 19 71 0.000 0.326 0.946

11 | May 0 11 79 0.000 0.191 0.982

12 | Jun 0 8 82 0.000 0.139 0.990

13 | Dec 30 62 28 0.441 0.765 0.469

14 | Feb 40 51 39 0.500 0.595 0.629

14h 15 | Mar 50 42 48 0.513 0.430 0.743
16 | Apr 60 34 56 0.484 0.280 0.829

17 | May 75 29 61 0.468 0.125 0.875

18 | Jun 85 28 62 0.468 0.041 0.883
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( Parameter Value Units
a Im
Go !
b 2m
H 10 m
q1Y 07 NIt \< W 20
D"MLVNIS5N . m DNMIA7RA N7Y9N 1IN9D
H o
Shadowing angle a 62
P nom. 400 w
\ min. Al 0.3 m
H o
— 5 Omin. 0
0 2wrn7 "nM nNov
o
0 max. 90
/ NN AToIIR 7T
Pop. count: 1000
[IWKRY D'NYNY XN 7712
1st gen. count: 350
2nd gen. count: 100 $——~u
Y D'NYRY 1NN 7712
077 narn UTX 18 D'wIN
Original population 1st generation 2st generation ~
m|~|n|~ 0|~ valid?|~ quantity -\ power[kw]| ~ Fit ~ ~'m ~ n ~ 0 v valid? - quantity ~ power[kw] - Fit |~ *'m/~/n ~ |0 - valid? v quantity| ~|power[kw] ~ Fit |~
3 4 27.0 TRUE 12 4.18 0.348 8 2 27.0 TRUE 16 5.57 0.348 9 6 27.0 TRUE 54 18.80 0.348
4 6 27.0 TRUE 24 8.35 0.348 9 6 27.0 TRUE 54 18.80 0.348 9 3 27.0 TRUE 27 9.40 0.348
3 4 27.0 TRUE 12 4.18 0.348 3 6 27.0 TRUE 18 6.27 0.348 6 1 27.6 TRUE 6 2.09 0.348
4 6 27.0 TRUE 24 8.35 0.348 3 3 27.0 TRUE 9 3.13 0.348 4 527.6 TRUE 20 6.96 0.348
6 127.0 TRUE 6 2.09 0.348 9 127.0 TRUE 9 3.13 0.348 4 2 26.5 TRUE 8 2.78 0.348
6 1 27.0 TRUE 6 2.09 0.348 6 2 27.6 TRUE 12 4.18 0.348 5 2 26.5 TRUE 10 3.48 0.348
8 1 27.0 TRUE 8 2.78 0.348 1 2 27.6 TRUE 2 0.70 0.348 5 2 26,5 TRUE 10 3.48 0.348
8 127.0 TRUE 8 2.78 0.348 4 2 27.6 TRUE 8 2.78 0.348 6 2 26.5 TRUE 12 4.18 0.348
3 6 27.0 TRUE 18 6.27 0.348 8 3 26.4 TRUE 24 8.35 0.348 8 1 27.8 TRUE 8 2.78 0.348
9 4 27.0 TRUE 36 12.53 0.348 3 6 28.0 TRUE 18 6.27 0.348 2 1 27.8 TRUE 2 0.70 0.348
3 6 27.0 TRUE 18 6.27 0.348 5 5 28.0 TRUE 25 8.70 0.348 9 1 27.8 TRUE 9 3.13 0.348
9 4 27.0 TRUE 36 12.53 0.348 5 3 28.0 TRUE 15 5.22 0.348 3 1 28.0 TRUE 3 1.04 0.348
6 5 28.0 TRUE 30 10.44 0.348 5 3 28.0 TRUE 15 5.22 0.348 5 2 28.0 TRUE 10 3.48 0.348
6 5 28.0 TRUE 30 10.44 0.348 2 2 28.0 TRUE 4 1.39 0.348 5 4 28.0 TRUE 20 6.96 0.348
2 6 28.0 TRUE 12 4.18 0.348 1 4 260 TRUE 4 1.39 0.348 2 4 280 TRUE 8 2.78 0.348
2 6 28.0 TRUE 12 4.18 0.348 9 4 26.0 TRUE 36 12.53 0.348 1 326.0 TRUE 3 1.04 0.348
2 4 28.0 TRUE 8 2.78 0.348 5 5 25.6 TRUE 25 8.70 0.348 9 1 26.0 TRUE 9 3.13 0.348
8 4 28.0 TRUE 32 11.14 0.348 6 2 28.8 TRUE 12 4.18 0.348 5 2 26.0 TRUE 10 3.48 0.348
5 128.0 TRUE 5 1.74 0.348 9 5 25.2 TRUE 45 15.66 0.348 10 2 26.0 TRUE 20 6.96 0.348
8 4 28.0 TRUE 32 11.14 0.348 7 3 29.0 TRUE 21 7.31 0.348 6 2 259 TRUE 12 4.18 0.348
5 1 28.0 TRUE 5 1.74 0.348 7 3 29.0 TRUE 21 7.31 0.348 7 2 259 TRUE 14 4.87 0.348

D'XYXY 7¢ DINIT W1 NIZA N10I721IX — DNMIAZXN 079 (9 D'wIN
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Const Pi = 3.14159
Const maxArr = 10000 'maximal length of generation array
Const matesPerPerson = 3 'number of mates parent

Global a As Double

Global b As Double

Global H As Double

Global W As Double

Global tMax As Double
Global tMin As Double
Global dMin As Double
Global shadowAngle As Double 'angle for shadowing calculations
Global cellPower As Double
Global initPop As Integer
Global genlpop As Integer
Global gen2pop As Integer

Type Person
m As Integer
n As Integer
t As Double 'panel angle as measured from the floor
totalPower As Double
g As Integer 'total number of panels
valid As Boolean
rowDist As Double
fit As Double 'fit=totalPower/totalArea
End Type

Type Vector
x As Single
y As Single
z As Single
End Type

Global sunVec(18) As Vector

Global pop(maxArr) As Person 'array of a first generation - the initial
population

Global gen(maxArr) As Person 'array of a 1lst generation baset on
initial population

Global gen2(maxArr) As Person 'array of a 2st generation baset on 1st
generation

Sub generations|()
Dim mMax As Integer
Dim nMax As Integer
Dim valid As Boolean
Dim d As Double

'read problem parameters
Cells (2, 2)
Cells (3, 2)
Cells (4, 2)
Cells (5, 2)

S Tmoo
o
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shadowAngle = Cells (6, 2)
cellPower = Cells(7, 2)
tMax = Cells (11, 2)

tMin Cells (10, 2)

dMin = Cells (9, 2)
initPop = Cells (13, 2)
genlpop = Cells (14, 2)
gen2pop = Cells (15, 2)

'read sun position vectors
readSun

'clear arrays
clearArr pop()
clearArr gen()
clearArr gen2 ()
clearOutput

'calculate some parameters boundaries
mMax = Round(H / a) 'max. number of cells in a column
nMax = 0 'max. number of cells in a row

'build first generation
For 1 = 1 To initPop
'Int ( (upperbound - lowerbound + 1) * Rnd + lowerbound)
Randomize
pop(i) .m = Int((mMax - 1 + 1) * Rnd + 1) 'set random m count
within boundaries
Randomize
pop(i) .t = Int((tMax - tMin) * Rnd + tMin) 'set random t count
within boundaries
pop (i) .rowDist = max(b * Sin(toRad(pop(i).t)) *
Tan (toRad (shadowAngle)), dMin) 'distance between rows 'max (b *
Sin(toRad(pop (i) .t)) * Tan(toRad(pop(i).t)), dMin)'

nMax = Int ((W + pop(i).rowDist) / (b * Cos(toRad(pop(i).t)) +
pop (i) .rowDist) + 1)

Randomize

pop(i) .n = Int((nMax - 1 + 1) * Rnd + 1) 'set random n count
within boundaries

'calculate area, power and fitness
pop (i) .valid = checkvalidity (pop (1))
pop (i) .g = pop(i).m * pop(i).n
If pop(i).valid Then
pop (i) .totalPower = calcPower (pop(i).t, pop(i).m, pop(i) .n)
/ 1000 'in kW
pop (i) .fit = pop(i).totalPower / pop(i).g

Else
pop (i) .totalPower = -1
pop(i) .fit = -1

End If

Next

'print population
sortPop pop(), initPop, 2
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printPopulation 5, initPop, pop()

'create 1st generation offsprings
crateNewGeneration pop(), gen(), genlpop

sortPop gen(), genlpop * matesPerPerson, 2
printPopulation 13, genlpop * matesPerPerson, gen()

'create 2st generation offsprings

crateNewGeneration gen(), gen2(), gen2pop

sortPop gen2(), gen2pop * matesPerPerson, 2

printPopulation 21, gen2pop * matesPerPerson, gen2()
End Sub

Function crateNewGeneration (parArr() As Person, offspringArr() As
Person, genLen As Integer)
'creates an offspring array from a parents array

Dim id As Integer

Dim e As Integer

Dim valid As Boolean

'mate parents and create offsprings
For j = 0 To matesPerPerson - 1
For 1 = 1 To genlen 'make genlen mates

id = Int((genlen - 1) * Rnd + 1)
Do While id = 1

id = Int(genlen * Rnd + 1)
Loop

If (parArr(id) .valid And parArr (i) .valid) Then 'mate only
valid offsprings
e = J * genLen + 1
offspringArr(e) = parArr(i)
offspringArr(e) .n = parArr(id).n 'mate offspring(i)
with a random offspring

Randomize
x = Rnd
If x > 0.5 Then
offspringArr(e) .t = parArr(id).t 'set random t
count within boundaries
End If

'create mutation in t with X chance, or leave t as is
Randomize
x = Rnd
If x > 0.6 Then 'X=40% in this case
Randomize
If Rnd > 0.5 Then
offspringArr(e) .t
Else
offspringArr(e) .t
End If
End If

parArr(id) .t * 1.2

parArr(id) .t * 0.8

'create mutation in n with X chance, or leave t as is
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Randomize

x = Rnd

If x > 0.6 Then 'X=40% in this case
Randomize

If Rnd > 0.5 Then
offspringArr(e) .n
ElselIf parArr(id).n >
offspringArr(e) .n
End If
End If

Int(parArr(id) .n * 1.1)
Then
Int (parArr(id) .n * 0.9)

=

'create mutation in m with X chance, or leave t as is

Randomize

x = Rnd

If x > 0.6 Then 'X=40% in this case
Randomize

If Rnd > 0.5 Then
offspringArr(e) .m
ElselIf parArr(id) .m >
offspringArr(e) .m
End If
End If

Int(parArr(id) .m * 1.1)
Then
Int(parArr(id) .m * 0.9)

=

'calculate area, power and validity
offspringArr(e) .rowDist = max(b *
Sin(toRad(offspringArr(e).t)) * Tan(toRad(shadowAngle)), dMin)
'distance between rows
offspringArr(e).q = offspringArr(e) . .m *
offspringArr(e) .n
offspringArr(e) .valid = checkvalidity(offspringArr (e))
If offspringArr(e).valid Then
offspringArr(e) .totalPower =
calcPower (offspringArr(e) .t, offspringArr(e).m, offspringArr(e).n) /
1000 '"in kw
offspringArr(e) .fit = offspringArr(e).totalPower /
offspringArr(e).q 'offspringArr (i) .totalPower / (offspringArr(i).m *
offspringArr (i) .n)

Else
offspringArr (e) .totalPower = -1
offspringArr(e) .fit = -1
End If
End If
Next
Next

End Function

Function calcPower(t As Double, m As Integer, n As Integer) As Double
Dim power As Double
Dim panelVec As Vector

power = 0

panelVec.x 0

panelVec.y Sin(toRad(t))
panelVec.z = Cos(toRad(t))
For i = 1 To 18
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End

Sub

End

Sub

End
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power = power + m * n * cellPower * (panelVec.x * sunVec(i).x +
panelVec.y * sunVec(i).y + panelVec.z * sunVec(i).z)

Next

calcPower = power / 18

Function
clearArr(p() As Person)
For i = 1 To maxArr
p(i) .m = 0
p(i).n =0
p(i).t =0
p(i) .rowDist = 0
p(i).g =10

p(i) .totalPower = 0
p(i) .valid = False
p(i).fit = 0
Next
Sub

clearOutput ()

Range ("E3:AA10100") .Select
Selection.ClearContents
Range ("AA3") .Select

Sub

sortPop(p() As Person, 1 As Integer, param As Integer)
sort population array using bubble sort method

Dim temp As Person
Dim pl As Double
Dim p2 As Double

For =1 To 1 -1
For 1 =1 To 1 - jJ
If param = 1 Then
pl = p(i).totalPower
p2 = p(i + 1).totalPower
Elself param = 2 Then
pl = p(i).fit

p2 = p(i + 1).fit
Else

pl = p(i).q

p2 = p(i + 1).qg
End If

If pl < p2 Then
temp = p(i)
p(i) = p(i + 1)
p(i + 1) = temp
End If
Next
Next
Sub

Function max(a As Double, b As Double) As Double

If a > b Then
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Else

max = b
End If

End Function
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Sub printPopulation(startColumn As Integer, popLength As Integer, p()

As Person)

For i =
Cells(2 + i,
Cells(2 + 1,
Cells(2 + 1,
Cells(2 + i,
Cells(2 + i,
Cells(2 + i,
Cells(2 + 1,
Next
End Sub

1 To popLength

startColumn)
startColumn
startColumn
startColumn
startColumn
startColumn
startColumn

+ 4+ + + + +

Function checkValidity(p As Person)
Dim valid As Boolean

valid True

teta

toRad (p.t)

' to radians

If p.m * a > H Then

valid
End If

False

If p.t >= 90 Then

valid
End If

False

If p.rowDist < 0.3 Then

valid =
End If

False

p(i).m

1) = p(i).n

2) =p(i).t

3) = p(i).valid

4) = p(i).g

5) = p(i).totalPower
6) = p(i).fit

As Boolean

If (p.n * b * Cos(teta) + (p.n - 1) * p.rowDist) > W Then

valid = False
End If
checkValidity = valid

End Function

Function toRad(d As
toRad d / 180
End Function

Sub readSun ()

For i 1 To 18
sunVec (i) .x
sunVec (i) .y
sunVec (1) .z

Next
End Sub

Double)

*

As Doub
Pi

Cells (18 + i,
Cells (18 + i,
Cells (18 + i,

le

1)
2)
3)
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MAXEON™ CELL
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SUNPQOWER

MODEL: SPR-435NE-WHT-D
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Solar Cells 128 SunPower Mooon™ cells

Front Class High#ransmission kempered glass with Impod Resisionce Hail: [25 mm] at 51 mph (23 m//s]
anfireflective (AR} coafing

Junicfion Box P45 rofed with 3 bypass diodes - — — —
Dimensions: 32 x 155 x 128 mm WARRANTIES AND CERTIFICATIONS

Cuiput Cables 700 me cobles / Mult Confoct MC4) comnacon Warranfiss 25 pear limited powesr wormonty

Frame .!’-no:_ized_dum inum alloy type 6063 [sibver]; 10ypesar limited product wamanty
stacking pins
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Please read safety and installation instructions before wsing this product, visit sunpowercorp.com
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