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Abstract

This research presents a development of control system for reflecting sunlight using
microcontroller. The sun position calculated by SPA algorithm is determined the angle of
the sun reflecting system in order to keep the sunlight on a desired target.

The structure of sun reflecting system, which has 2 DOF, is installed with an acrylic
board of 1 square meter as sun reflective component. To control the rotation of the system
for reflecting the sunlight to the target, 24V servo motors are used to be the actuators and
Arduino microcontroller is implemented as controller.

The experiments, which start at 9.00 A.M. to 4.00 P.M., show that the system can

work well and reflect the sunlight to the target with error of £0.2 meter.
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2. ULUFBILNURID Azimuth elevation trackinglasiainsuuuiiaznyuasiaunia
A [ £ Y ] . . . . Y

ANNAIDNAL L 2 N TILGWA Zenith axis WAz Azimuth axis wazltuataas
i‘hmuaaaﬁ'ﬁumim‘"uLﬂﬁauiﬂsaai’w’lﬁmﬁauﬁﬁa%ag]mammuﬁ'oaao

~_ Axis of Rotation of
L Azimuth Angle y

Axis of Rotation of
N_ Altitude Angle o

/

w S

Ellﬁ 2.11 Azimuth elevation tracking
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3. WUU Equatorial tracking ImaaéﬁaLmuﬁa:m;ua:ﬁau%%amwmamﬁmﬂ@i” 2
WnuldawAunULUY Azimuth elevation tracking LA TUNWAYUFAYINHILIDE

dugu B

AXis Qf Rotaion Hour Angle

Axis of Rotaion
Declination angle &

Eﬂ‘ﬁ' 2.12 Equatorial tracking

o 1 =Y 6
2.3 @URIIAIaNaE

Tanlaaysaualsanniadluanwmenidnigs LLnu%yumaaIanﬁwguLﬁﬂa 23.5 ad@a1nu
seunslaesTeuaiafias lasunuuedlanizsllduniiduanaaiam

Eavdens
A
a2lulurag
2tny

U7 2.13 nslaasvaslansauadsaniiad [9]

o Frunsaslanluing 21 fusnen lanazidasduinliiuaisenfies wazunn
maaiaﬂﬁ]:agimzmumg\‘}mnﬁ'u%'ﬁﬁmnmqmﬁmai’wa@‘i ﬁﬂﬁummammmﬁ@%:agl;'uu
s:mwauﬁuguﬁgm w FuftasofiaddunsfiaasTwaanuazannmafiaasiuannad an
lanauwnitauasdnlanduldaz laTuuasafafiyvinn LAZTIIAINATITBLAZNAIAY

i Ay 12 $alas Sendumibiiidn aminda (Autumnal equinox)
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o dunazaslanluiui 21 sunaxn lanzidustalanldidhmaiseniaduiniga
liduniizasaserfiadndnngadediga Sundrunisiidn Tuiaasloaada (Winter
. [} ‘&’ I v 3 A o 1 =) 1
solstice) Ffilszimansdnlanldaziduggion fuanarsiuwuniinaediu drudszine
Qs g 1 g =)
nudnlanmilaazidungrun Sanansiuauniinasfiu nsliuuazanvainisanfiadaz

dawldnaldiantas 93N 2.13

- X A e 4 e
U7 2.14 MiTuuazanvainnafiadlwiud 21 sunax [10]

o 1 Qs d' = a U U U a 6
o dunssradlanluind 21 Juiay lanazldssd I ud e lvnualdaias wazunuadlanay
agjlus:m‘um”dmﬂﬁ'ﬁ'ﬂﬁmﬂmamﬁ@s]‘waﬁ ﬁﬂﬁummammmﬁ@ﬁa:agjum:mwauﬁu
> Y =3 g =) Qs =Y % v
gjmsi'gm W TWHAII M A TUWNNNAAZIWDANLAZANNNNAAZIBANNAG TN LANATWLATD
wazdnlanduldaslasuuasarfiadirinni uasga9a s IuLaznaIAwYINL iy 12
Tlu9 Sundunibaitin 1§uaTwIa (Vernal equinox)
° ' o A a a & A Y A _ 6 o [
o drunibsnadlanluwiwn 21 fguwou Tanazifgsr laniwibatdinialsaniagd vinla
@‘hl,mﬁiwaamamﬁ@ﬁuuﬁaamagjgaq@ ﬂuﬁagjumﬁfuaxﬁg@ﬁ 23.5 2IAILRIHDILLAWADI
A 6 a A A o A ° . A @ A .
a’m@lUagmmsmwa@iumaummm Sondwniaitin Tuweslaasda (Summer solstice)
' & ~ o ~ o & \ A \ A
mauﬂs:LwﬂwwasnnIaﬂlmmzLﬂungﬁuwu Janasinauninaean ulszinanagnig
v 0/ 1 J a 1
%nIaﬂLﬂﬁaa:Lﬂqusau TN IRWIUNIINAIAY NIIVBULITANVDIASANTIALIZAD

lunaniialdaniay @ngﬂﬁ 2.15

{ J =) Qs 4 =)
UM 2.15 MITUUAZANDVBIAWNALT L WINA 21 fquwiw [10]
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Qs s 1 g A Qs a L o 1 a
mwmJwuﬁat:mwﬁ'mm%mﬂuaﬂwmﬂm | UuNUIﬂﬂﬂU@WLW\%\‘]Tﬂﬂ(ﬂ'Nﬂ’Wl@] ET

w nanlag musautseanldiduyuengg asuaaslugli 2.16

EARTH - SUN LINE VERTICAL SURFACE

HORIZONTAL SURFAC

NORMAL TO
VERTICAL SURFACE

[
A a

U7 2.16 yud1a9 NdanusuRUTIzRINasefiadnuAuialan [10]

e W yuazFyT (Azimuth angle) Ao swzmaL%aguﬁmuvl,ﬂmmﬁuum witta = 1o
Sudufinmile ynazdysdandu 0 asen (Fruwldnsiiaazineaniduwan wwldneia
azuantduay) @”difuﬁﬁﬂmi'uaamqmazs’fj&;m:ﬁml,vhﬁ'u 90 84¢1 LLaxﬁﬁﬁmfumﬂyuaz%
yFazdienyinny -90 asen

12
=

a YudaA9A (Altitude angle) NIaYNLE AB TLHZMITINNTERINIAWAALALNY

=

v a ~ A o « o & @ o Y v A !
v lapyuaadyaasiidndu 0 asenfiduvoun anisduanidusauniliyudadaaiien
WJuuan devinnu 90 - 6,

Eﬂﬁ 2.17 yNaLTYBUALYNIDAIN [11]

8 yuLaAAfLUTY (Declination) Aa yuIzwittumId LI fiad azliduduuiniiiaia
Tunefienndie uwazddnduauiiadtalnieneale gmﬂﬂﬂﬁmﬁuﬁ@hLﬂﬁﬂuvl,ﬂnﬂi’m:wj'm
23.45 93¢ D9 -23.45 93¢
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2.3.1 lnsfmina (Time scale)

® Universal time (UT) %38 Greenwich civil time (Juiafilglunissasiimmyuzaes
TaNUAzLIUTU 0.00 %. AauLNLIAL

® |nternational atomic time (TAI) WuszaziIaues System International Second (SI-

second)

® Coordinated Universal Time (UTC) Lﬂuﬁug’lumadé@mﬂmﬁﬂQLLaziw‘UL’Jmm&J
nHnue

® Terrestrial Dynamical %38 Terrestrial Time (TDT or TT) dulndanaves

Ephemerides §%TLNI&9NANUUARAILaN
v 1 dy > o € 1 6 v ] a =
FUMINUAIRIURAIANUFUN BT TzA I InsTzinadiuus Tuning Juf

TT = TAI + 32.184 (2.1)
UT =TT — AT (2.2)
lapfl AT AaduanessznitaamInguvedlanniy Terrestrial Time (TT)
UT = UT1 = UTC + AUT1 (2.3)
laaf AUT1 Aaunsaguraddui andulanduuinniaaud e
2.3.3  YUAWMIAIWIMANGILAIIAI9TIAE a8 SPA aanaddy
1. ANWIWRIAT Julian Day, Julian Ephemeris Day, Century L&z Millennium
1.1 @NWIWAN Julian Day (JD)
JD = INT(365.25 * (Y + 4716)) + INT(30.6001 = (M + 1)) + D + B — 1524.5 (2.4)
logfl INT  @a drdwdndnvasnanfignduini 13w INT(8.3) = 8 w3a INT(-3.7) = -3
Y Ao O a.ea. 19w 2014, 2015 Ludn
M fo wwauvesd wwu M=1 Wadewdudouuninay wWuau lagi 61 M>2 3

e Y uaz M Litdaswulas wddndn M=1 %38 2 61 Y uaz M 2609
ANWITBAN Y=Y-1 LA M=M+12



D A0 Yuwaaidion luniay Decimal time 1 T4 2 Vasdonditaa 12:30:30
UT 2zld@1 D=2.521180556
B Ao VAUYINNDY 0 §1%TU Julian calendar WasHALYINNL 2-A+INT(A/4)

AT Gregorian calendar e A=INT(Y/100)
1.2 @NWIWAN Julian Ephemeris Day (JDE)

JDE =D + % (2.5)

1.3 AWM Julian century (JC) Lz Julian Ephemeris Century (JCE)

__ JD-2451545

Je 36525 (2'6)

__ JDE-2451545
JCE = Erv— (2.7)

1.4 @NWIwAN Julian Ephemeris Millennium (JME)

JME =& (2.8)

10

2. AW IWRNAN Earth heliocentric longitude, latitude W& radius vector (L, B L&z R)

2.1 MWIWRILNAN LO; (in radians)
LOL- = AiCOS(Bi + Ci X]ME) (29)

lagf @ Ao S1ELUVAILDD EMMILLNDN L0 MaNI1IN N.1

A, B WAz C; A anluuaf i wazaaauiii A, B way C luan319i n.1
2.2 MWIUWRILNAN L0 (in radians)
L0 = Y7, L0, (2.10)

Tagf n AasIWIRLDIVAINEY LO  1aN39N N.1

14
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2.3 fwIAIaN L1, 12, L3, L4 ez L5 lau launisn 2.9 uas 2.10 udlfuuann 0 1w 1, 2,

3, 4 uaz 5 lawltid1e g lua1v9n n.1 wihenldasdmisdon

2.4 w1 Earth heliocentric longitude, L (in radians)

_ LO+L1XJME+L2X]ME?+L3XJME3+L4XJME*+L5X JME> (2 11)
- 108 )

L
2.5 MWIWAN L (in degrees)
L (in Degrees) = L (in Radian)x180 Rad:n)xwo (2.12)

Taofi 7 Henydszanos 3.1415926535898

2.6 3Nadn L’Lﬁagﬂuma 0 9 360 a9 laun139LaNAY L NIHRIIe0E 360 3NNWLALEAN
Wu@ds F uazon L 1uwuiIn @1 L = 360F WA L8y @1 L = 360 — 360F

2.7 fWIWANFN Earth heliocentric latitude, B (in degrees) lagldan319 n.1 uazauaaui

2.1 fia 2.5 laomsunuaauds Ll B lunng aunis

2.8 fwItwnn Earth radius vector, R (in Astronomical units, AU) laglda19199 n.1 uaz

Tuaaun 2.1 i 2.5 lapnmsunuwaauds L 1w R lunng aun1s

3. ANWITRIAT Geocentric longitude LLag latitude, ¢ WAz B

3.1 AR Geocentric longitude, @ (in degrees)

¢ =L+ 180 (2.13)
3.2 drnaen ¢ Ikaluga4 0 fa 360 asen Tasmsvnansduaanil 2.6
3.3 AR Geocentric latitude, B (in degrees)

p=-B (2.14)

4. enwIenrna1 Nutation in longitude and obliquity, A9 LAz Ae
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o . A (% & A € .
4.1 @I Elongation Laf8u8Iad3UNIINNA1IDINGE, X, (in degrees)

3
X, = 297.85036 + 445267.111480 x JCE — 0.0019142 X JCE? + 2= (2.15)

189474

4.2 AWIWRT Anomaly mﬁwaamamﬁmﬁdaﬂ), X; (in degrees)

3
X, = 357.52778 + 35999.05034 x JCE — 0.0001603 X JCE? — 3{)‘;500 (2.16)

4.3 F1wIA1 Anomaly LaReVadA93UNS, X, (in degrees)

3
X, = 134.96298 + 477198.867398 X JCE + 0.0086972 X JCE? + SJGCZESO (2.17)

4.4 UK Moon’s argument of latitude, X; (in degrees)

3
X; = 93.27191 + 483202.017538 X JCE — 0.0036825 X JCE? + L= (2.18)

327270

4.5 NI Longitude of the ascending node of the moon’s mean orbit on the ecliptic, el

1N Equinox 288 Va9 date, X, (in degrees)

X, = 125.04452 — 1934.136261 x JCE + 0.0020708 x JCE2 + <& (2.19)

450000

4.6 FIRTLUDILARZLDR AN N1, FIUIURUNEN AY; WA Ag; bb 0.001 V84 arc

seconds
A9, = (a; + b; x JCE) x sin(Li-o X;Y; ;) (2.20)

Ag; = (¢; + d; X JCE) X cos(X}-0 X;Yi ) (2.21)

A oA A o A A
losfl  a, b, c; uaz d; iudNagluunif i uazaauu a, b, c uaz d lua139M n.2
x; \ue x 9 j drwanlesldaunisi 3.15 0 3.19

. d 4. e ¢ A
Yi,j Lﬂ%ﬂ']slu@]'ﬁ']\‘]‘ﬂ n.2 1%LLE1’J‘YI I BREABDRAB Y N |

4.7 ewIwn Nutation in longitude, A9 (in degrees)

A = ZizodPi (2.22)

= 36000000



lagfi n udrwanvesuarluansnan n.2 (n=63)

4.8 NItk Nutation in obliquity, As (in degrees)

n
— Zi:o Ag;
36000000

5. NIRRT True obliquity of the ecliptic, € (in degrees)
5.1 AMuIkR1 Mean obliquity of the ecliptic, &, lu arc seconds

gy = 84381.448 — 4680.93U — 1.55U% + 1999.25U3 — 51.38U* — 249.67U° —

39.05U° + 7.12U7 + 27.87U® + 5.79U° + 2.45U*°

Tagf U = JME/10
5.2 AWM True obliquity of the ecliptic, ¢ (in degrees)

&
£=—+A¢
3600

6. AMWITWRIAN Aberration correction, At (in degrees)

20.4898
At = —
3600R

7. MWITWRIAN Apparent sun longitude, A (in degrees)

A=0+A9+ AT

17

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

8. ANWITLWIAT Apparent sidereal time at Greenwich at any given time, v (in degrees)

8.1 AMuIURT Mean sidereal time at Greenwich, v, (in degrees)

vy = 280.46061837 + 360.98564736629 x (JD — 2451545) +

3
0.000387933 x JC? — —&
38710000

8.2 $1ae v, Iagluga 0 fa 360 asen lasnsrhanuiuaaud 2.6

(2.28)
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8.3 AT Apparent sidereal time at Greenwich, v (in degrees)
v=1vy+Adcose (2.29)

9. AMUIWIIAT Geocentric sun right ascension, a (in degrees)

9.1 AMuIkR1 Geocentric sun right ascension, « (in radians)
_ sin Acose—tan f sine
a = Arctan2 (T) (2.30)
1o Arctan2 1w ri o arctangent

9.2 FIUITMA o rIEan3 laglmsn1IeuaNNIIN 2.12

10. ANWITWAAN Geocentric sun declination, & (in degrees)

180xArcsin(sin B cos e+cos B sin £sin )
5= feoseicos (2.31)

A A X o A € A A A @ .
I@U‘ﬂﬂﬂl o) L‘ﬂull’!ﬂ%iaall muﬂu@’)ﬂa’]ﬂﬂﬂa%‘ﬂ’]\‘]ﬂﬂl’ﬁuaﬁial(ﬂ U celestial equator

ANNEGL
11. @NWITWAAT Observer local hour angle, H (in degrees)
H=v+o—-«a (2.32)

' - . ) . X e A
lasfl o fae Observer geographical longitude azdieiduuinwiaay uagnuiragniefia
AZIBADNRIDALINANYDI Greenwich MNRAL LazAN H a:ﬁaagaﬁﬁ'ﬂmﬂﬁagluma 0 D4

360 2471 ANNIUABWN 2.6

12. ANWITWAAN Topocentric sun right ascension, a’ (in degrees)

12.1 ANWIWA1 Equatorial horizontal parallax of the sun, & (in degrees)

_ 879%
3600R

(2.33)

Tagnean R dwiaslaanndiuaann 2.8
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12.2 NWIWALNAN u (in radians)

u = Arc tan (0.99664719 tan @) (2.34)

o

- . _ _ . X e 4
lanfl ¢ fadn Observer geographical latitude aziidniduninniaay duatnuiatgnefia

A A v '3 ot
L‘Vi%ﬂ‘ﬁi@l@l‘ﬂ 83 Equator @nua1ay

12.3 AMWITWALNBY x

X =COSU+ ———"COs @ (2.35)
Tauf £ fasn Observer elevation (in meters)
12.4 AWITHALNDY y
y = 0.99664719 sinu + ———sin @ (2.36)

6378140

12.5 ANWITWAN Parallax in the sun right ascension, Aa (in degrees)

Aa = Arc tan2 (M) x 120 (2.37)

cos§—xsin & cosH T

12.6 AW Topocentric sun right ascension, a’ (in degrees)
a'=a+ Aa (2.38)
12.7 ANWITWAT topocentric sun declination, 8’ (in degrees)
&' = Arc tan2 (W> (2.39)

cos§—xsin&cos H

13. AWIWAIAN Topocentric local hour angle, H' (in degrees)

H =H — Aa (2.40)

14. AMWIWAAN Topocentric zenith angle, 6 (in degrees)
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14.1 ANWITWAT Topocentric elevation angle without atmospheric refraction correction, e, (in

degrees)
eg = Arc sin (sin@ sin§’ + cos @ cos 6’ cos H') X % (2.41)
14.2 @AWW Atmospheric refraction correction, Ae (in degrees)

Ne = ——x 285« Loz (2.42)

1010 ~ 273+T 60tan(e°+eo+511)

A A [ A & A A A -
I@]EW] P ﬂﬂﬂ']ﬂ']’]ll(ﬂul,aﬂUﬂlaﬁwu‘ﬂlu%u\ﬁﬂ YA milli Bar
A P & Al = P a
T ﬂaﬂ’]qmﬁﬂuNLﬂaﬂTaﬂwuﬂlu%uﬂﬁ URUIY DIFELDRLDYR

14.3 @AWW Topocentric elevation angle, e (in degrees)
e =e¢ey+ Ae (2.43)

14.4 @NWITWAT Topocentric zenith angle, 6 (in degrees)

9=90—¢ (2.44)

15. ANWITWAAN Topocentric azimuth angle, @ (in degrees)

15.1 ANWITWA Topocentric astronomers azimuth angle, 7™ (in degrees)

I = Arc tan2 ( sin i’ ) x 120 (2.45)

cos H' sin ¢—tan &’ cos ¢ T

eWa a:ﬁaogmﬁﬁ@mﬂﬁagﬂuma 0 919 360 BIFN ANNUWAAWN 2.6 AN I ﬁ]z;‘]m”@"l,ﬂmaﬁﬁ

aziuanuaNfale
15.2 ANWITWA Topocentric azimuth angle, @ (in degrees)
®= I+ 180 (2.46)

N a)ﬁ):ﬁaagm‘hﬂ”@mﬂﬁaghﬁw 0 119 360 8471 ANNTWAWN 2.6 FN @ ﬁ]z;‘]m”@"l,ﬂmaﬁﬁ

AZIWADNLININNNALRILD
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16. ANWITWAAN Incidence angle for a surface oriented in any direction, I (in degrees)

I = Arccos (cos 8 cos w + sin w sin @ cos(I"'— y)) X % (2.47)

A ' o & a [ ' ' .
I@]EJY] w Lﬂumm’mmumaawumi@m@mmzmuumuau RIW y (e Surface azimuth

rotation angle lag3aanAield landadulUTiantuua i fuaIa nNBAILUITIIUUUINE

a &

25 NMIRINNNRYWU DI Lﬁﬂﬁzﬁﬂ%tlﬁﬂ@'\‘ﬂﬂﬂ
sl,umsmuqm:uua:ﬁammmﬁm]’ ududssninaesduniialsannag (Sun -
position vector) I@ﬂmﬁ'smm,l,ﬂamwﬁﬁéml,a:yuaé?agwaamamﬁmET Ttdunniaasduni

o

a 6 v =1
fIIINAY mmmmvl@ J%

Vs
»
¥
gﬂ‘ﬁ' 2.18 NLABIALNINAIBTAL [8]
VS = xsi + ysl + Zsk (248)
Vsl = /(x)? + (¥5)? + (25)? (2.49)

A A & o \ a €
L8 Vs A8 LINLABIANLAWINIIDINGE

Vs A8 TWIavadInaasiwAiialsaniag

x5 A8 LINLABTAWAINIINAAY TN X FINNTART L8N

X5 = sin 0 cos @ (2.50)



s fi INaasiuniealsafiag luwnu y sansani laan

Y5 = sin 0 sin @ (2.51)
A 6 o 1 a 6 v
Zs 18 LINLADIATNLLRUIIAIIDINAE I%LLﬂ% z ﬁ']&l'ﬁﬂ%'ﬁvl,@l"ﬂ’]ﬂ
Zg = cos 6 (2.52)

A = Aa
laun 6 @a ANl

¢ Ao ANaTYD

v

a = | =g
PNINNIN (2.48) WA (2.49) ENNNTARWINLABIRIINRIIY (Unit Vector) laasht

ng = 2 = ng.i + ng,j + ng,k (2.53)
[Vs| Y

ng, A8 LINLABIAIRN (Normal vector) 284A39171AE LAY X RINITANN bFN

— Xs
sx = et v+ (25)? (2.54)

nsy A0 LINLABSAIBINTBIANBNASlULNY y 810130 lean

_ ys
sy = V(xs)2+(ys)?+(z5)? (2.55)

ns, A8 NABTAIANTBIAINAATIULAY z a13NTarLean

— Zs
sz = Tt 0972 (.50)

LNLABIIWAIVBILLNRNNY (Target position vector) fia duribsttnusuSIIMN

@ o A € ) a & o v X
AAINTIRLEINNA TR AW M ANUSII AT 813NIDR balaan1TIalasatd a2 laaath

VT = xTi + yT] + ZTk (257)

V| = \/(xT)z + r)? + (z7)? (2.58)

22



A & o T

Vi 918 L?ﬂL@ﬂi@nLL'ﬁu\‘]LﬂTﬁN’]ﬂ

|VS| ﬁﬂ Tuq@]mﬂﬂmﬂl,@]ﬂgl,ﬂ’]ﬁ&l']ﬂ

X7 ﬁﬁ] L'JﬂL@IE]%"@‘i’]LL%lLOLﬂ']‘WN’] UluLLﬂu X
A & o Y

yr €18 L?ﬂL@]@j@qLLﬁu\‘]LU’]V\N’]UI%LLﬂu y

A &0 o
Zr A8 LINLADIATLRUILLIRNN EJI%LLﬂ‘H: z

%

{ & ' Y ¥
IMNFNNNTN (2.57) WAL (2.58) BNNTORIINLADIRAIRIIY  laadd

= — = TlTxi + nTyi + nTZk
T

nr, A8 AWasasanadthnansluunu x aansanilaan

— T

M = e o ar)?

nry, A0 LIN@aIaIaINTathnangluinyg y s113om laain

_ yr

1y = V) 2+ )2+ (21)?

ng, #8 easasanvaatrnusluwns z aunsanileann

— ZT

rz = V) 2+(yr)2+(27)?

U 2.19 NNLABSAIANNTBITLUUR D ULFIDAIAE [8]

(2.59)

(2.60)

(2.61)

(2.62)
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msmw‘lumwgumaﬁzuuazﬁauum AING E]( mmmm%ﬁmmﬁsmw
FUABTIZRIIINAaIALRIA N aduazIINIAB AL ATa LU aNe I@]ﬂﬁ’]&l’]‘iﬂ%']

(2
¥ e A

LINLABSAIAINVBITZUL AL o ULRIBNAE (N) laasd

_ ng+nrt

=n,d+n,j+nk (2.63)

[ng+nT|

Wa  n, A9 LINABTAIANNYBITILLAL DULEINNAT LAY X FIN1TART AN

n (nSX+nTx) (264)

x =
2
\/(nSx‘*‘”Tx)z*' (TLSy+TLTy) + (nSZ+nTZ)2

n, D LINABsAIaINTaITTULEsHauLEsaiadluunt y swisonilaan

n, = (nsy+nry) (2.65)

y 2
\/(nsx+nTx)2 + (nSy"'nTy) + (nsz+nrz)?

v
o

n, 78 NALABTAIAINYBITLU LR BULRIAASIULAK z RINTAW baa N

n (nsztnrz) (266)

7z —
2
J(nSx"'nTx)z"' (nSy"'nTy) + (nsz+nrz)?

@

%Wﬂgﬂﬁ 2.18 %mmmmyulumwgumaa LRRSY D WURIDNTIA F;le,@@\‘lﬁ

0 = cos™1(n,) (2.67)
¢ =sin"! | —2— (2.68)
(n)?+(ny)”

A
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6 Ao agu*?jﬁﬂumwymaumazﬁauummﬁ@ﬁ (qué’aagmmﬁu 90 - )
0} Ao Qua%gﬂumw&gummLma:‘ﬁauuaamﬁmET
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Term Row Number A B C
Lo 0 175347046 0 0

1 3341656 4.6692568 6283.07585
2 34894 46261 12566.1517
3 3497 2.7441 5753.3849
4 3418 2.8289 3.5231

5 3136 3.6277 77713.7715
6 2676 4.4181 7860.4194
7 2343 6.1352 3930.2097
8 1324 0.7425 11506.7698
9 1273 2.0371 529.691
10 1199 1.1096 1577.3435
11 990 5.233 5884.927
12 902 2.045 26.298
13 857 3.508 398.149
14 780 1.179 5223.694
15 753 2.533 5507.553
16 505 4583 18849.228
17 492 4.205 775.523
18 357 2.92 0.067
19 317 5.849 11790.629
20 284 1.899 796.298
21 271 0.315 10977.079
22 243 0.345 5486.778
23 206 4.806 2544.314
24 205 1.869 5573.143
25 202 2458 6069.777
26 156 0.833 213.299
27 132 3.411 2942.463
28 126 1.083 20.775
29 115 0.645 0.98
30 103 0.636 4694.003
31 102 0.976 15720.839
32 102 4.267 7.114
33 99 6.21 2146.17
34 98 0.68 155.42
35 86 5.98 161000.69
36 85 1.3 6275.96
37 85 367 71430.7
38 80 1.81 17260.15
39 79 3.04 12036.46




@13797 1.2 Earth periodic terms (¢18)

51

Term Row Number A B C
40 75 1.76 5088.63
41 74 35 3154.69
42 74 468 801.82
43 70 0.83 9437.76
44 62 3.98 8827.39
45 61 1.82 7084.9
46 57 278 6286.6
47 56 4.39 141435
48 56 3.47 6279.55
49 52 0.19 12139.55
50 52 1.33 1748.02
51 51 0.28 5856.48
52 49 0.49 1194.45
53 41 5.37 8429.24
54 41 24 19651.05
55 39 6.17 10447.39
56 37 6.04 10213.29
57 37 257 1059.38
58 36 1.71 2352.87
59 36 1.78 6812.77
60 33 0.59 17789.85
61 30 0.44 83996.85
62 30 274 1349.87
63 25 3.16 4690.48
L1 0 628331966747 0 0

1 206059 2.678235 6283.07585
2 4303 2.6351 12566.1517
3 425 1.59 3.523

4 119 5.796 26.298
5 109 2.966 1577.344
6 93 2.59 18849.23
7 72 1.14 529.69
8 68 1.87 398.15
9 67 4.41 5507.55
10 59 2.89 5223.69
11 56 2.17 155.42
12 45 0.4 796.3
13 36 0.47 775.52
14 29 2.65 7.11
15 21 5.34 0.98




@13797 N.3 Earth periodic terms (¢18)
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Term Row Number A B C

15 21 5.34 0.98
16 19 1.85 5486.78
17 19 497 213.3
18 17 2.99 6275.96
19 16 0.03 2544.31
20 16 1.43 2146.17
21 15 1.21 10977.08
22 12 2.83 1748.02
23 12 3.26 5088.63
24 12 5.27 1194.45
25 12 2.08 4694
26 11 0.77 553.57
27 10 1.3 6286.6
28 10 424 1349.87
29 9 2.7 242.73
30 9 5.64 951.72
31 8 5.3 2352.87
32 6 2.65 9437.76
33 6 467 4690.48

L2 0 52919 0 0
1 8720 1.0721 6283.0758
2 309 0.867 12566.152
3 27 0.05 3.52
4 16 5.19 26.3
5 16 3.68 155.42
6 10 0.76 18849.23
7 9 2.06 77713.77
8 7 0.83 775.52
9 5 4.66 1577.34
10 4 1.03 7.11
11 4 3.44 5573.14
12 3 5.14 796.3
13 3 6.05 5507.55
14 3 1.19 24273
15 3 6.12 529.69
16 3 0.31 398.15
17 3 2.28 553.57
18 2 4.38 5223.69
19 2 3.75 0.98

L3 0 289 5.844 6283.076




@13797 N.4 Earth periodic terms (¢18)
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Term Row Number A B C
1 35 0 0
2 17 5.49 12566.15
3 3 52 155.42
4 1 472 3.52
5 1 53 18849.23
6 1 5.97 242.73
L4 0 114 3.142 0
1 8 413 6283.08
2 1 3.84 12566.15
L5 0 1 3.14 0
BO 0 280 3.199 84334.662
1 102 5.422 5507.553
2 80 3.88 5223.69
3 44 37 2352.87
4 32 4 1577.34
B1 0 9 39 5507.55
1 6 1.73 5223.69
RO 0 100013989 0 0
1 1670700 3.0984635 6283.07585
2 13956 3.05525 12566.1517
3 3084 5.1985 777137715
4 1628 1.1739 5753.3849
5 1576 2.8469 7860.4194
6 925 5.453 11506.77
7 542 4.564 3930.21
8 472 3.661 5884.927
9 346 0.964 5507.553
10 329 5.9 5223.694
11 307 0.299 5573.143
12 243 4273 11790.629
13 212 5.847 1577.344
14 186 5.022 10977.079
15 175 3.012 18849.228
16 110 5.055 5486.778
17 98 0.89 6069.78
18 86 5.69 15720.84
19 86 1.27 161000.69
20 65 0.27 17260.15
21 63 0.92 529.69
22 57 2.01 83996.85




@13199 n.5 Earth periodic terms (618)
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Term Row Number A B C
22 57 2.01 83996.85
23 56 5.24 71430.7
24 49 3.25 254431
25 47 2.58 775.52
26 45 5.54 9437.76
27 43 6.01 6275.96
28 39 5.36 4694
29 38 2.39 8827.39
30 37 0.83 19651.05
31 37 49 12139.55
32 36 1.67 12036.46
33 35 1.84 2942.46
34 33 0.24 7084.9
35 32 0.18 5088.63
36 32 1.78 398.15
37 28 1.21 6286.6
38 28 1.9 6279.55
39 26 4.59 10447.39
R1 0 103019 1.10749 6283.07585
1 1721 1.0644 12566.1517
2 702 3.142 0
3 32 1.02 18849.23
4 31 2.84 5507.55
5 25 1.32 5223.69
6 18 1.42 1577.34
7 10 5.91 10977.08
8 9 1.42 6275.96
9 9 0.27 5486.78
R2 0 4359 5.7846 6283.0758
1 124 5.579 12566.152
2 12 3.14 0
3 9 3.63 77713.77
4 6 1.87 5573.14
5 3 5.47 18849.23
R3 0 145 4273 6283.076
1 7 3.92 12566.15
R4 0 4 2.56 6283.08




@13199 N.6 Periodic terms for the nutation in longitude and obliquity
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Coefficients for

Coefficients for sin terms Coefficients for A€
JAYY)

YO0 Y1 Y2 Y3 Y4 a b c d
0 0 0 0 1 -171996 -174.2 92025 8.9
-2 0 0 2 2 -13187 -1.6 5736 -3.1
0 0 0 2 2 -2274 -0.2 977 -0.5
0 0 0 0 2 2062 0.2 -895 0.5
0 1 0 0 0 1426 -3.4 54 -0.1
0 0 1 0 0 712 0.1 -7
-2 1 0 2 2 -517 1.2 224 -0.6
0 0 0 2 1 -386 -0.4 200
0 0 1 2 2 -301 129 -0.1
-2 -1 0 2 2 217 -0.5 -95 0.3
-2 0 1 0 0 -158
-2 0 0 2 1 129 0.1 -70
0 0 -1 2 2 123 -53
2 0 0 0 0 63
0 0 1 0 1 63 0.1 -33
2 0 -1 2 2 -59 26
0 0 -1 0 1 -58 -0.1 32
0 0 1 2 1 -51 27
-2 0 2 0 0 48
0 0 2 2 1 46 -24
2 0 0 2 2 -38 16
0 0 2 2 2 -31 13
0 0 2 0 0 29
-2 0 1 2 2 29 -12
0 0 0 2 0 26
-2 0 0 2 0 -22
0 0 -1 2 1 21 -10
0 2 0 0 0 17 -0.1
2 0 -1 0 1 16 -8
-2 2 0 2 2 -16 0.1 7
0 1 0 0 1 -15 9
-2 0 1 0 1 -13 7
0 -1 0 0 1 -12 6
0 0 2 -2 0 1
2 0 -1 2 1 -10 5
2 0 1 2 2 -8 3
0 1 0 2 2 7 -3
-2 1 1 0 0 -7
0 -1 0 2 2 -7 3




@13199 N.7 Periodic terms for the nutation in longitude and obliquity (§8)
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Coefficients for

Coefficients for sin terms Coefficients for A€
A9
YO0 Y1 Y2 Y3 Y4 a c d
2 0 0 2 1 -7 3
2 0 1 0 0 6
-2 0 2 2 2 6 -3
-2 0 1 2 1 6 -3
2 0 -2 0 1 -6 3
2 0 0 0 1 -6 3
0 -1 1 0 0 5
-2 -1 0 2 1 -5 3
-2 0 0 0 1 -5 3
0 0 2 2 1 -5 3
-2 0 2 0 1 4
-2 1 0 2 1 4
0 0 1 -2 0 4
-1 0 1 0 0 -4
-2 1 0 0 0 -4
1 0 0 0 0 -4
0 0 1 2 0 3
0 0 -2 2 2 -3
-1 -1 1 0 0 -3
0 1 1 0 0 -3
0 -1 1 2 2 -3
2 -1 -1 2 2 -3
0 0 3 2 2 -3
2 -1 0 2 2 -3
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SPA Header file (SPA.h) [2]

#ifndef _ solar_position_algorithm_header
#define __ solar_position_algorithm_header

/lenumeration for function codes to select desired final outputs from SPA

enum {
SPA_ZA, /Icalculate zenith and azimuth
SPA_ZA INC, //calculate zenith, azimuth, and incidence
SPA_ZA_RTS, //calculate zenith, azimuth, and sun rise/transit/set values
SPA_ALL, /[calculate all SPA output values

¥
typedef struct
{
Il INPUT VALUES -
int year; Il 4-digit year, valid range: -2000 to 6000, error code: 1
int month; I/ 2-digit month, valid range: 1 to 12, error code: 2
int day; /I 2-digit day, valid range: 1 to 31, error code: 3
int hour; I/l Observer local hour, valid range: 0 to 24, error code: 4
int minute; I/ Observer local minute, valid range: 0 to 59, error code: 5
int second; I/ Observer local second, valid range: 0 to 59, error code: 6

double delta_t; // Difference between earth rotation time and terrestrial time
/I 1t is derived from observation only and is reported in this
// bulletin: http://maia.usno.navy.mil/ser7/ser7.dat,
// where delta_t =32.184 + (TAI-UTC) + DUT1
/I valid range: -8000 to 8000 seconds, error code: 7

double timezone; // Observer time zone (negative west of Greenwich)
// valid range: -12 to 12 hours, error code: 8
double longitude; // Observer longitude (negative west of Greenwich)
// valid range: -180 to 180 degrees, error code: 9
double latitude; // Observer latitude (negative south of equator)
// valid range: -90 to 90 degrees, error code: 10
double elevation; I/l Observer elevation [meters]
/[ valid range: -6500000 or higher meters, error code: 11
double pressure; /I Annual average local pressure [millibars]

// valid range: 0 to 5000 millibars, error code: 12
double temperature;  // Annual average local temperature [degrees Celsius]
/ valid range: -273 to 6000 degrees Celsius, error code; 13
double slope; I/ Surface slope (measured from the horizontal plane)
// valid range: -360 to 360 degrees, error code: 14
double azm_rotation; // Surface azimuth rotation (measured from south to projection of
I surface normal on horizontal plane, negative west)
// valid range: -360 to 360 degrees, error code: 15
double atmos_refract;// Atmospheric refraction at sunrise and sunset (0.5667 deg
/fis typical valid range: -5 to 5 degrees, error code: 16
int function;  // Switch to choose functions for desired output (from enumeration)

[emmmmemmmmemeeeee Intermediate OUTPUT VALUES
double jd; //Julian day

double jc; //Julian century

double jde; //Julian ephemeris day

double jce; //Julian ephemeris century
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double jme; //Julian ephemeris millennium

double [; //earth heliocentric longitude [degrees]

double b; //earth heliocentric latitude [degrees]

double r; //earth radius vector [Astronomical Units, AU]
double theta; //geocentric longitude [degrees]

double beta; //geocentric latitude [degrees]

double x0; //mean elongation (moon-sun) [degrees]

double x1; //mean anomaly (sun) [degrees]

double x2; //mean anomaly (moon) [degrees]

double x3; //argument latitude (moon) [degrees]

double x4; /fascending longitude (moon) [degrees]

double del_psi; //nutation longitude [degrees]

double del_epsilon; //nutation obliquity [degrees]

double epsilon0; //ecliptic mean obliquity [arc seconds]
double epsilon; //ecliptic true obliquity [degrees]

double del_tau; //aberration correction [degrees]

double lamda; //apparent sun longitude [degrees]

double nu0; //Greenwich mean sidereal time [degrees]
double nu; //Greenwich sidereal time [degrees]

double alpha; //geocentric sun right ascension [degrees]
double delta; //geocentric sun declination [degrees]

double h; //observer hour angle [degrees]

double xi; //sun equatorial horizontal parallax [degrees]
double del_alpha; //sun right ascension parallax [degrees]
double delta_prime; //topocentric sun declination [degrees]
double alpha_prime; //topocentric sun right ascension [degrees]
double h_prime; //topocentric local hour angle [degrees]
double e0; //topocentric elevation angle (uncorrected) [degrees]
double del_e; //atmospheric refraction correction [degrees]
double e; //topocentric elevation angle (corrected) [degrees]
double eot; //equation of time [minutes]

double srha; //sunrise hour angle [degrees]

double ssha; //sunset hour angle [degrees]

double sta; //sun transit altitude [degrees]

I Final OUTPUT VALUES
double zenith; //topocentric zenith angle [degrees]
double azimuth180; //topocentric azimuth angle (westward from south)
// [-180 to 180 degrees]
double azimuth; //topocentric azimuth angle (eastward from north) [ 0 to 360 degrees]
double incidence; //surface incidence angle [degrees]
double suntransit; //local sun transit time (or solar noon) [fractional hour]
double sunrise; //local sunrise time (+/- 30 seconds) [fractional hour]
double sunset; //local sunset time (+/- 30 seconds) [fractional hour]
} spa_data;

/[Calculate SPA output values (in structure) based on input values passed in structure
int spa_calculate(spa_data *spa);

#endif
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SPA Source file (SPA.c) [2]

#include <math.h>

#include "spa.h"

#define P1 3.1415926535897932384626433832795028841971

#define SUN_RADIUS 0.26667

#define L_COUNT 6

#define B_COUNT 2

#define R_COUNT 5

#define Y_COUNT 63

#define L_MAX_SUBCOUNT 64

#define B_MAX_SUBCOUNT 5

#define R_MAX_SUBCOUNT 40

enum {TERM_A, TERM_B, TERM_C, TERM_COUNT};

enum {TERM_XO0, TERM_X1, TERM_X2, TERM_X3, TERM_X4, TERM_X_COUNT},

enum {TERM_PSI_A, TERM_PSI_B, TERM_EPS_C, TERM_EPS_D, TERM_PE_COUNT};

enum {JD_MINUS, JD_ZERO, JD_PLUS, JD_COUNT};

enum {SUN_TRANSIT, SUN_RISE, SUN_SET, SUN_COUNT},;

#define TERM_Y_COUNT TERM_X_COUNT

const int I_subcount[L_COUNT] = {64,34,20,7,3,1};

const int b_subcount[B_COUNT] = {5,2};

const int r_subcount[R_COUNT] = {40,10,6,2,1};

|

/Il Earth Periodic Terms

T

const double L_TERMS[L_COUNT][L_MAX_SUBCOUNT][TERM_COUNT]=

{

{

{175347046.0,0,0},
{3341656.0,4.6692568,6283.07585},
{34894.0,4.6261,12566.1517},
{3497.0,2.7441,5753.3849},
{3418.0,2.8289,3.5231},
{3136.0,3.6277,77713.7715},
{2676.0,4.4181,7860.4194},
{2343.0,6.1352,3930.2097%,
{1324.0,0.7425,11506.7698},
{1273.0,2.0371,529.691},
{1199.0,1.1096,1577.3435},
{990,5.233,5884.927},
{902,2.045,26.298},
{857,3.508,398.149},
{780,1.179,5223.694},
{753,2.533,5507.553},
{505,4.583,18849.228},
{492,4.205,775.523},
{357,2.92,0.067},
{317,5.849,11790.629},
{284,1.899,796.298},
{271,0.315,10977.079},
{243,0.345,5486.778},
{206,4.806,2544.314%},
{205,1.869,5573.143},
{202,2.458,6069.777},
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{156,0.833,213.299},
{132,3.411,2942.463},
{126,1.083,20.775},
{115,0.645,0.98},
{103,0.636,4694.003},
{102,0.976,15720.839},
{102,4.267,7.114},
{99,6.21,2146.17},
{98,0.68,155.42},
{86,5.98,161000.69},
{85,1.3,6275.96},
{85,3.67,71430.7},
{80,1.81,17260.15},
{79,3.04,12036.46},
{75,1.76,5088.63},
{74,3.5,3154.69},
{74,4.68,801.82},
{70,0.83,9437.76},
{62,3.98,8827.39},
{61,1.82,7084.9},
{57,2.78,6286.6},
{56,4.39,14143 5},
{56,3.47,6279.55},
{52,0.19,12139.55},
{52,1.33,1748.02},
{51,0.28,5856.48},
{49,0.49,1194.45},
{41,5.37,8429.24},
{41,2.4,19651.05},
{39,6.17,10447.39},
{37,6.04,10213.29},
{37,2.57,1059.38},
{36,1.71,2352.87},
{36,1.78,6812.77},
{33,0.59,17789.85},
{30,0.44,83996.85},
{30,2.74,1349.87},
{25,3.16,4690.48}

{628331966747.0,0,0%},

{206059.0,2.678235,6283.07585},
{4303.0,2.6351,12566.1517},

{425.0,1.59,3.523},
{119.0,5.796,26.298},
{109.0,2.966,1577.344},
{93,2.59,18849.23},
{72,1.14,529.69},
{68,1.87,398.15},
{67,4.41,5507.55},
{59,2.89,5223.69},
{56,2.17,155.42},
{45,0.4,796.3},
{36,0.47,775.52},
{29,2.65,7.11},

61
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{21,5.34,0.98},
{19,1.85,5486.78},
{19,4.97,213.3},
{17,2.99,6275.96},
{16,0.03,2544.31},
{16,1.43,2146.17},
{15,1.21,10977.08},
{12,2.83,1748.02},
{12,3.26,5088.63},
{12,5.27,1194.45},
{12,2.08,4694},
{11,0.77,553.57},
{10,1.3,6286.6},
{10,4.24,1349.87},
{9,2.7,242.73},
{9,5.64,951.72},
{8,5.3,2352.87},
{6,2.65,9437.76},
{6,4.67,4690.48}

{52919.0,0,0},

{8720.0,1.0721,6283.0758},

{309.0,0.867,12566.152},
{27,0.05,3.52},
{16,5.19,26.3},
{16,3.68,155.42},
{10,0.76,18849.23},
{9,2.06,77713.77},
{7,0.83,775.52},
{5,4.66,1577.34},
{4,1.03,7.11},
{4,3.44,5573.14},
{3,5.14,796.3},
{3,6.05,5507.55},
{3,1.19,242.73},
{3,6.12,529.69},
{3,0.31,398.15},
{3,2.28,553.57},
{2,4.38,5223.69},
{2,3.75,0.98}

{289.0,5.844,6283.076},
{35,0,0},
{17,5.49,12566.15},
{3,5.2,155.42},
{1,4.72,3.52},
{1,5.3,18849.23},
{1,5.97,242.73}

{114.0,3.142,0},
{8,4.13,6283.08},
{1,3.84,12566.15}
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-

{1,3.14,0}

const double B_TERMS[B_COUNT][B_MAX_SUBCOUNT][TERM_COUNT]=

{

}

{

-

{280.0,3.199,84334.662},
{102.0,5.422,5507.553},
{80,3.88,5223.69},
{44,3.7,2352.87},
{32,4,1577.34}

{9,3.9,5507.55},
{6,1.73,5223.69}

const double R_TERMS[R_COUNT][R_MAX_SUBCOUNT][TERM_COUNT]=

{

{

{100013989.0,0,0},
{1670700.0,3.0984635,6283.07585},
{13956.0,3.05525,12566.1517},
{3084.0,5.1985,77713.7715},
{1628.0,1.1739,5753.3849},
{1576.0,2.8469,7860.4194},
{925.0,5.453,11506.77},
{542.0,4.564,3930.21},
{472.0,3.661,5884.927},
{346.0,0.964,5507.553},
{329.0,5.9,5223.694},
{307.0,0.299,5573.143},
{243.0,4.273,11790.629},
{212.0,5.847,1577.344},
{186.0,5.022,10977.079},
{175.0,3.012,18849.228},
{110.0,5.055,5486.778},
{98,0.89,6069.78},
{86,5.69,15720.84},
{86,1.27,161000.69},
{65,0.27,17260.15},
{63,0.92,529.69},
{57,2.01,83996.85},
{56,5.24,71430.7},
{49,3.25,2544.31},
{47,2.58,775.52},
{45,5.54,9437.76},
{43,6.01,6275.96},
{39,5.36,4694},
{38,2.39,8827.39},
{37,0.83,19651.05},
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{37,4.9,12139.55},
{36,1.67,12036.46},
{35,1.84,2942.46},
{33,0.24,7084.9},
{32,0.18,5088.63},
{32,1.78,398.15},
{28,1.21,6286.6},
{28,1.9,6279.55},
{26,4.59,10447.39}

~—

{103019.0,1.10749,6283.07585},
{1721.0,1.0644,12566.1517},
{702.0,3.142,0},
{32,1.02,18849.23},
{31,2.84,5507.55},
{25,1.32,5223.69},
{18,1.42,1577.34},
{10,5.91,10977.08},
{9,1.42,6275.96},
{9,0.27,5486.78}

~—

{4359.0,5.7846,6283.0758},
{124.0,5.579,12566.152},
{12,3.14,0},
{9,3.63,77713.77},
{6,1.87,5573.14},
{3,5.47,18849.23}

~—

{145.0,4.273,6283.076},
{7,3.92,12566.15}

-

{4,2.56,6283.08}
}

T T
/Il Periodic Terms for the nutation in longitude and obliquity
T L | o

const int Y_TERMS[Y_COUNT][TERM_Y_COUNT]=

{
{0,0,0,0,1},
{-2,0,0,2,2},
{0,0,0,2,2},
{0,0,0,0,2},
{0,1,0,0,0%,
{0,0,1,0,0%},
{-2,1,0,2,2},
{0,0,0,2,1},
{0,0,1,2,2},
{-2,-1,0,2,2},



{-2,0,1,0,0},
{-2,0,0,2,1},
{0,0,-1,2,2},
{2,0,0,0,03,
{0,0,1,0,1},
{2,0,-1,2,2},
{0,0,-1,0,1},
{0,0,1,2,1},
{-2,0,2,0,0},
{0,0,-2,2,1},
{2,0,0,2,2},
£0,0,2,2,2},
{0,0,2,0,03,
{-2,0,1,2,2},
{0,0,0,2,03,
{-2,0,0,2,0},
{0,0,-1,2,1},
{0,2,0,0,03,
{2,0,-1,0,1},
{-2,2,0,2,2},
{0,1,0,0,1},
{-2,0,1,0,1},
{0,-1,0,0,1},
{0,0,2,-2,0},
{2,0,-1,2,1},
{2,0,1,2,2},
{0,1,0,2,2},
{-2,1,1,0,0},
{0,-1,0,2,2},
{2,0,0,2,1},
{2,0,1,0,0},
{-2,0,2,2,2},
{-2,0,1,2,1},
{2,0,-2,0,1},
{2,0,0,0,1},
{0,-1,1,0,0},
{-2,-1,0,2,1},
{-2,0,0,0,1},
{0,0,2,2,1},
{-2,0,2,0,1},
{-2,1,0,2,1},
{0,0,1,-2,0},
{-1,0,1,0,0},
{-2,1,0,0,0},
{1,0,0,0,03,
{0,0,1,2,0},
{0,0,-2,2,2},
{-1,-1,1,0,0},
{0,1,1,0,03,
{0,-1,1,2,2},
{2,-1,-1,2,2},
{0,0,3,2,2},
{2,-1,0,2,2},



const double PE_TERMS[Y_COUNT][TERM_PE_COUNT]=

{

{-171996,-174.2,92025,8.9},
{-13187,-1.6,5736,-3.1},
{-2274,-0.2,977,-0.5},
{2062,0.2,-895,0.5},
{1426,-3.4,54,-0.1},
{712,0.1,-7,0},
{-517,1.2,224,-0.6},
{-386,-0.4,200,0},
{-301,0,129,-0.1},
{217,-0.5,-95,0.3},
{-158,0,0,0},
{129,0.1,-70,0},
{123,0,-53,0},
{63,0,0,03,
{63,0.1,-33,0},
{-59,0,26,0},
{-58,-0.1,32,0},
{-51,0,27,0},
{48,0,0,03,
{46,0,-24,0},
{-38,0,16,0},
{-31,0,13,0},
{29,0,0,03,
{29,0,-12,0},
{26,0,0,03,
{-22,0,0,0},
{21,0,-10,0},
{17,-0.1,0,0},
{16,0,-8,0},
{-16,0.1,7,0},
{-15,0,9,0},
{-13,0,7,0},
{-12,0,6,0},
{11,0,0,03,
{-10,0,5,0},
{-8,0,3,0},
{7,0,-3,0},
{-7,0,0,0},
{-7,0,3,0},
{-7,0,3,0},
{6,0,0,0},
{6,0,-3,0},
{6,0,-3,0},
{-6,0,3,0},
{-6,0,3,0},
{5,0,0,0},
{-5,0,3,0},
{-5,0,3,0},
{-5,0,3,0},
{4,0,0,0},
{4,0,0,0},
{4,0,0,0},
{-4,0,0,0},
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{-4,0,0,0},
{-4,0,0,0},
{3,0,0,0},

{-3,0,0,0},
{-3,0,0,0},
{-3,0,0,0},
{-3,0,0,0},
{-3,0,0,0},
{-3,0,0,0},
{-3,0,0,0},

}

T T
double rad2deg(double radians)

{

return (180.0/PI)*radians;
¥
double deg2rad(double degrees)
{

return (P1/180.0)*degrees;
}

double limit_degrees(double degrees)
{
double limited;
degrees /= 360.0;
limited = 360.0*(degrees-floor(degrees));
if (limited < 0) limited += 360.0;
return limited;

}

double limit_degrees180pm(double degrees)

{
double limited;
degrees /= 360.0;
limited = 360.0*(degrees-floor(degrees));
if (limited < -180.0) limited += 360.0;
else if (limited > 180.0) limited -= 360.0;
return limited;

}

double limit_degrees180(double degrees)
{
double limited;
degrees /= 180.0;
limited = 180.0*(degrees-floor(degrees));
if (limited < 0) limited += 180.0;
return limited;

}

double limit_zero2one(double value)

{

double limited;
limited = value - floor(value);
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if (limited < 0) limited += 1.0;
return limited;

}

double limit_minutes(double minutes)

double limited=minutes;

if (limited < -20.0) limited += 1440.0;
else if (limited > 20.0) limited -= 1440.0;
return limited;

}
double dayfrac_to_local_hr(double dayfrac, double timezone)
{

return 24.0*limit_zero2one(dayfrac + timezone/24.0);
}

double third_order_polynomial(double a, double b, double ¢, double d, double x)
{

}

T L T
int validate_inputs(spa_data *spa)

{

return ((@*x + b)*x + ¢)*x + d;

if ((spa->year < -2000) || (spa->year > 6000)) return 1;

if ((spa->month < 1) || (spa->month > 12 )) return 2;

if ((spa->day < 1) || (spa->day > 31)) return 3;

if ((spa->hour < 0) || (spa->hour > 24)) return 4;

if ((spa->minute < 0) || (spa->minute > 59)) return 5;

if ((spa->second < 0) || (spa->second > 59 )) return 6;

if ((spa->pressure < 0) || (spa->pressure > 5000)) return 12;

if ((spa->temperature <= -273) || (spa->temperature > 6000)) return 13;
if ((spa->hour == 24 ) && (spa->minute > 0)) return 5;

if ((spa->hour == 24 ) && (spa->second > 0)) return 6;

if (fabs(spa->delta_t) > 8000 ) return 7;

if (fabs(spa->timezone) > 12 ) return 8;

if (fabs(spa->longitude) > 180 ) return 9;

if (fabs(spa->latitude) > 90 ) return 10;

if (fabs(spa->atmos_refract) > 5) return 16;

if ( spa->elevation < -6500000) return 11;

if ((spa->function == SPA_ZA_INC) || (spa->function == SPA_ALL))

if (fabs(spa->slope) > 360) return 14;
if (fabs(spa->azm_rotation) > 360) return 15;

}

return O;

}

I
double julian_day (int year, int month, int day, int hour, int minute, int second, double tz)

double day_decimal, julian_day, a;
day_decimal = day + (hour - tz + (minute + second/60.0)/60.0)/24.0;
if (month < 3) {



}
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month += 12;
year--;

¥
julian_day = floor(365.25*(year+4716.0)) + floor(30.6001*(month+1)) +
day_decimal - 1524.5;
if (julian_day > 2299160.0) {
a = floor(year/100);
julian_day += (2 - a + floor(a/4));
¥

return julian_day;

double julian_century(double jd)

{
}

return (jd-2451545.0)/36525.0;

double julian_ephemeris_day(double jd, double delta_t)

{
}

return jd+delta_t/86400.0;

double julian_ephemeris_century(double jde)

{
}

return (jde - 2451545.0)/36525.0;

double julian_ephemeris_millennium(double jce)

{
}

return (jce/10.0);

double earth_periodic_term_summation(const double terms[][TERM_COUNT],

{

}

int count, double jme)

inti;

double sum=0;

for (i = 0; i < count; i++)

sum += terms[i][TERM_A]*cos(terms[i][TERM_B]+terms[i][TERM_C]*jme);
return sum;

double earth_values(double term_sum([], int count, double jme)

{

}

inti;

double sum=0;

for (i = 0; i < count; i++)

sum += term_sum[i]*pow(jme, i);
sum /= 1.0e8;

return sum;

double earth_heliocentric_longitude(double jme)

double sum[L_COUNT];
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inti;

for (i=0; i <L_COUNT; i++)

sumli] = earth_periodic_term_summation(L_TERMSJi], |_subcount[i], jme);
return limit_degrees(rad2deg(earth_values(sum, L_COUNT, jme)));

}
double earth_heliocentric_latitude(double jme)
{
double sum[B_COUNT];
inti;
for (i=0;i<B_COUNT,; i++)
sumli] = earth_periodic_term_summation(B_TERMS]i], b_subcount[i], jme);
return rad2deg(earth_values(sum, B_COUNT, jme));
}
double earth_radius_vector(double jme)
{
double sum[R_COUNT];
inti;
for (i=0; i <R_COUNT,; i++)
sum[i] = earth_periodic_term_summation(R_TERMS]i], r_subcount][i], jme);
return earth_values(sum, R_COUNT, jme);
}

double geocentric_longitude(double 1)

double theta =1 + 180.0;
if (theta >= 360.0) theta -= 360.0;
return theta;

¥
double geocentric_latitude(double b)
{

return -b;
}
double mean_elongation_moon_sun(double jce)
{

return third_order_polynomial(1.0/189474.0, -0.0019142,

445267.11148, 297.85036, jce);

¥
double mean_anomaly_sun(double jce)
{

return third_order_polynomial(-1.0/300000.0, -0.0001603, 35999.05034, 357.52772, jce);
}
double mean_anomaly_moon(double jce)
{

return third_order_polynomial(1.0/56250.0, 0.0086972, 477198.867398, 134.96298, jce);
¥
double argument_latitude_moon(double jce)
{

return third_order_polynomial(1.0/327270.0, -0.0036825,
483202.017538, 93.27191, jce);
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}
double ascending_longitude_moon(double jce)
{
return third_order_polynomial(1.0/450000.0, 0.0020708, -1934.136261, 125.04452, jce);
¥
double xy_term_summation(int i, double X[ TERM_X_COUNT])
{
int j;
double sum=0;
for (j =0; j < TERM_Y_COUNT,; j++)
sum += X[j]*Y_TERMSI[i][j];
return sum;
}

void nutation_longitude_and_obliquity(double jce, double X TERM_X_COUNT],
double *del_psi, double *del_epsilon)

{
inti;
double xy_term_sum, sum_psi=0, sum_epsilon=0;
for (i=0;i<Y_COUNT;i++) {
xy_term_sum = deg2rad(xy_term_summation(i, x));
sum_psi += (PE_TERMSJI][TERM_PSI_A] +
jce*PE_TERMSJI][TERM_PSI_B])*sin(xy_term_sum);
sum_epsilon += (PE_TERMSI[i][TERM_EPS_C] +
jce*PE_TERMSII][TERM_EPS_D])*cos(xy_term_sum);
¥
*del_psi = sum_psi / 36000000.0;
*del_epsilon = sum_epsilon / 36000000.0;
}
double ecliptic_mean_obliquity(double jme)
{
double u = jme/10.0;
return 84381.448 + u*(-4680.96 + u*(-1.55 + u*(1999.25 + u*(-51.38 + u*(-249.67 +
u*(-39.05 + u*( 7.12 + u*( 27.87 + u*( 5.79 + u*2.45)))))))));
}
double ecliptic_true_obliquity(double delta_epsilon, double epsilon0)
{
return delta_epsilon + epsilon0/3600.0;
¥
double aberration_correction(double r)
{
return -20.4898 / (3600.0*r);
}

double apparent_sun_longitude(double theta, double delta_psi, double delta_tau)

{
}

return theta + delta_psi + delta_tau;
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double greenwich_mean_sidereal_time (double jd, double jc)

{
return limit_degrees(280.46061837 + 360.98564736629 * (jd - 2451545.0) +
jc*jc*(0.000387933 - jc/38710000.0));

}

double greenwich_sidereal_time (double nu0, double delta_psi, double epsilon)

{

return nuO + delta_psi*cos(deg2rad(epsilon));

¥

double geocentric_sun_right_ascension(double lamda, double epsilon, double beta)
{
double lamda_rad = deg2rad(lamda);
double epsilon_rad = deg2rad(epsilon);
return limit_degrees(rad2deg(atan2(sin(lamda_rad)*cos(epsilon_rad) -
tan(deg2rad(beta))*sin(epsilon_rad), cos(lamda_rad))));
}

double geocentric_sun_declination(double beta, double epsilon, double lamda)
{
double beta_rad = deg2rad(beta);
double epsilon_rad = deg2rad(epsilon);
return rad2deg(asin(sin(beta_rad)*cos(epsilon_rad) +
cos(beta_rad)*sin(epsilon_rad)*sin(deg2rad(lamda))));
}

double observer_hour_angle(double nu, double longitude, double alpha_deg)

{

return limit_degrees(nu + longitude - alpha_deg);

}
double sun_equatorial_horizontal_parallax(double r)
{
return 8.794 / (3600.0 * r);
¥

void sun_right_ascension_parallax_and_topocentric_dec(double latitude, double elevation,
double xi, double h, double delta, double *delta_alpha, double *delta_prime)
{

double delta_alpha_rad,;
double lat_rad = deg2rad(latitude);
double xi_rad = deg2rad(xi);
double h_rad = deg2rad(h);
double delta_rad = deg2rad(delta);
double u = atan(0.99664719 * tan(lat_rad));
double y =0.99664719 * sin(u) + elevation*sin(lat_rad)/6378140.0;
double x = cos(u) + elevation*cos(lat_rad)/6378140.0;
delta_alpha_rad = atan2( - x*sin(xi_rad) *sin(h_rad),
cos(delta_rad) - x*sin(xi_rad) *cos(h_rad));
*delta_prime = rad2deg(atan2((sin(delta_rad) - y*sin(xi_rad))*cos(delta_alpha_rad),
cos(delta_rad) - x*sin(xi_rad) *cos(h_rad)));
*delta_alpha = rad2deg(delta_alpha_rad);
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double topocentric_sun_right_ascension(double alpha_deg, double delta_alpha)

{

return alpha_deg + delta_alpha;

}
double topocentric_local_hour_angle(double h, double delta_alpha)
{
return h - delta_alpha;
¥

double topocentric_elevation_angle(double latitude, double delta_prime, double h_prime)

double lat_rad = deg2rad(latitude);

double delta_prime_rad = deg2rad(delta_prime);

return rad2deg(asin(sin(lat_rad)*sin(delta_prime_rad) +
cos(lat_rad)*cos(delta_prime_rad) * cos(deg2rad(h_prime))));

}

double atmospheric_refraction_correction(double pressure, double temperature,
double atmos_refract, double e0)

{
double del_e =0;
if (e0 >=-1*(SUN_RADIUS + atmos_refract))
del_e = (pressure / 1010.0) * (283.0/ (273.0 + temperature)) *
1.02 / (60.0 * tan(deg2rad(e0 + 10.3/(e0 + 5.11))));
return del_e;
¥
double topocentric_elevation_angle_corrected(double €0, double delta_e)
{
return e0 + delta_e;
}
double topocentric_zenith_angle(double e)
{
return 90.0 - e;
¥

double topocentric_azimuth_angle_neg180_180(double h_prime, double latitude,
double delta_prime)

{
double h_prime_rad = deg2rad(h_prime);
double lat_rad = deg2rad(latitude);
return rad2deg(atan2(sin(h_prime_rad),
cos(h_prime_rad)*sin(lat_rad) -
tan(deg2rad(delta_prime))*cos(lat_rad)));
}
double topocentric_azimuth_angle_zero_360(double azimuth180)
{

return azimuth180 + 180.0;
}



double surface_incidence_angle(double zenith, double azimuth180,
double azm_rotation, double slope)

{
double zenith_rad = deg2rad(zenith);
double slope_rad = deg2rad(slope);
return rad2deg(acos(cos(zenith_rad)*cos(slope_rad) +
sin(slope_rad )*sin(zenith_rad) * cos(deg2rad(azimuth180 -
azm_rotation))));
¥
double sun_mean_longitude(double jme)
{
return limit_degrees(280.4664567 + jme*(360007.6982779 + jme*(0.03032028 +
jme*(1/49931.0 + jme*(-1/15300.0 + jme*(-1/2000000.0))))));
}
double eot(double m, double alpha, double del_psi, double epsilon)
{
return limit_minutes(4.0*(m - 0.0057183 - alpha + del_psi*cos(deg2rad(epsilon))));
¥

double approx_sun_transit_time(double alpha_zero, double longitude, double nu)

{
}

double sun_hour_angle_at_rise_set(double latitude, double delta_zero, double hO_prime)

{

return (alpha_zero - longitude - nu) / 360.0;

double h0 = -99999;

double latitude_rad = deg2rad(latitude);

double delta_zero_rad = deg2rad(delta_zero);

double argument = (sin(deg2rad(h0_prime)) - sin(latitude_rad)*sin(delta_zero_rad)) /
(cos(latitude_rad)*cos(delta_zero_rad));

if (fabs(argument) <= 1) h0 = limit_degrees180(rad2deg(acos(argument)));

return hO;

}

void approx_sun_rise_and_set(double *m_rts, double h0)

{
double hO_dfrac = h0/360.0;
m_rts[SUN_RISE] = limit_zero2one(m_rts]SUN_TRANSIT] - hO_dfrac);
m_rts[SUN_SET] = limit_zero2one(m_rts[SUN_TRANSIT] + h0_dfrac);
m_rts[SUN_TRANSIT] = limit_zero2one(m_rts[SUN_TRANSIT]);

¥

double rts_alpha_delta_prime(double *ad, double n)

{

double a = ad[JD_ZERO] - ad[JD_MINUS];
double b = ad[JD_PLUS] - ad[JD_ZERO];

if (fabs(a) >=2.0) a = limit_zero2one(a);

if (fabs(b) >= 2.0) b = limit_zero2one(b);

return ad[JD_ZERQO] + n * (a + b + (b-a)*n)/2.0;
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double rts_sun_altitude(double latitude, double delta_prime, double h_prime)
{
double latitude_rad = deg2rad(latitude);
double delta_prime_rad = deg2rad(delta_prime);
return rad2deg(asin(sin(latitude_rad)*sin(delta_prime_rad) +
cos(latitude_rad)*cos(delta_prime_rad)*cos(deg2rad(h_prime))));

}

double sun_rise_and_set(double *m_rts, double *h_rts, double *delta_prime,
double latitude,double *h_prime, double hO_prime, int sun)
{

return m_rts[sun] + (h_rts[sun] - hO_prime) /
(360.0*cos(deg2rad(delta_prime[sun]))*cos(deg2rad(latitude))
*sin(deg2rad(h_prime[sun))));
}

U L L
I/ Calculate required SPA parameters to get the right ascension (alpha) and declination (delta)
// Note: JD must be already calculated and in structure
U L
void calculate_geocentric_sun_right_ascension_and_declination(spa_data *spa)
{
double X[TERM_X_COUNT];
spa->jc = julian_century(spa->jd);
spa->jde = julian_ephemeris_day(spa->jd, spa->delta_t);
spa->jce = julian_ephemeris_century(spa->jde);
spa->jme = julian_ephemeris_millennium(spa->jce);
spa->l = earth_heliocentric_longitude(spa->jme);
spa->b = earth_heliocentric_latitude(spa->jme);
spa->r = earth_radius_vector(spa->jme);
spa->theta = geocentric_longitude(spa->1);
spa->beta = geocentric_latitude(spa->b);
X[TERM_X0] = spa->x0 = mean_elongation_moon_sun(spa->jce);
X[TERM_X1] = spa->x1 = mean_anomaly_sun(spa->jce);
X[TERM_X2] = spa->x2 = mean_anomaly_moon(spa->jce);
X[TERM_X3] = spa->x3 = argument_latitude_moon(spa->jce);
X[TERM_X4] = spa->x4 = ascending_longitude_moon(spa->jce);
nutation_longitude_and_obliquity(spa->jce, X, &(spa->del_psi), &(spa->del_epsilon));
spa->epsilon0 = ecliptic_mean_obliquity(spa->jme);
spa->epsilon = ecliptic_true_obliquity(spa->del_epsilon, spa->epsilon0);
spa->del_tau = aberration_correction(spa->r);
spa->lamda = apparent_sun_longitude(spa->theta, spa->del_psi, spa->del_tau);
spa->nu0 = greenwich_mean_sidereal_time (spa->jd, spa->jc);
spa->nu = greenwich_sidereal_time (spa->nu0, spa->del_psi, spa->epsilon);
spa->alpha = geocentric_sun_right_ascension(spa->lamda, spa->epsilon, spa->beta);
spa->delta = geocentric_sun_declination(spa->beta, spa->epsilon, spa->lamda);

}

T L e
// Calculate Equation of Time (EOT) and Sun Rise, Transit, & Set (RTS)
T e
void calculate_eot_and_sun_rise_transit_set(spa_data *spa)
{
spa_data sun_rts = *spa;
double nu, m, hO, n;
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double alpha[JD_COUNT], delta[JD_COUNT];

double m_rts[SUN_COUNT], nu_rts[SUN_COUNT], h_rts[SUN_COUNT];

double alpha_prime[SUN_COUNT], delta_prime[SUN_COUNT],
h_prime[SUN_COUNT];

double hO_prime = -1*(SUN_RADIUS + spa->atmos_refract);

inti;

m = sun_mean_longitude(spa->jme);

spa->eot = eot(m, spa->alpha, spa->del_psi, spa->epsilon);

sun_rts.hour = sun_rts.minute = sun_rts.second = sun_rts.timezone = 0;

sun_rts.jd = julian_day (sun_rts.year, sun_rts.month, sun_rts.day,

sun_rts.hour, sun_rts.minute, sun_rts.second, sun_rts.timezone);

calculate_geocentric_sun_right_ascension_and_declination(&sun_rts);

nu = sun_rts.nu;

sun_rts.delta_t =0;

sun_rts.jd--;

for (i=0;i<JD_COUNT; i++) {
calculate_geocentric_sun_right_ascension_and_declination(&sun_rts);
alpha[i] = sun_rts.alpha;
delta[i] = sun_rts.delta;
sun_rts.jd++;

}

m_rts[SUN_TRANSIT] = approx_sun_transit_time(alpha[JD_ZERO],
spa->longitude, nu);
hO = sun_hour_angle_at_rise_set(spa->latitude, delta[JD_ZERQO], hO_prime);

if (h0>=0){

approx_sun_rise_and_set(m_rts, h0);

for (i =0; i < SUN_COUNT,; i++) {
nu_rts[i] = nu + 360.985647*m_rts]i];
n =m_rts[i] + spa->delta_t/86400.0;
alpha_prime[i] = rts_alpha_delta_prime(alpha, n);
delta_prime[i] = rts_alpha_delta_prime(delta, n);
h_prime[i] = limit_degrees180pm(nu_rts[i] + spa->longitude —

alpha_prime[i]);

h_rts[i] = rts_sun_altitude(spa->latitude, delta_prime[i], h_prime[i]);

}

spa->srha = h_prime[SUN_RISE];
spa->ssha = h_prime[SUN_SET];
spa->sta = h_rtsfSUN_TRANSIT];
spa->suntransit = dayfrac_to_local_hr(m_rts[SUN_TRANSIT] —
h_prime[SUN_TRANSIT] / 360.0,
spa->timezone);
spa->sunrise = dayfrac_to_local_hr(sun_rise_and_set(m_rts, h_rts, delta_prime,
spa->latitude, h_prime, hO_prime, SUN_RISE), spa->timezone);
spa->sunset = dayfrac_to_local_hr(sun_rise_and_set(m_rts, h_rts, delta_prime,
spa->latitude, h_prime, hO_prime, SUN_SET), spa->timezone);
}
else spa->srha= spa->ssha= spa->sta= spa->suntransit=
spa->sunrise= spa->sunset=-99999;
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T T T T T

/Il Calculate all SPA parameters and put into structure

/I Note: All inputs values (listed in header file) must already be in structure
T T T T T

int spa_calculate(spa_data *spa)

{

}

int result;

result = validate_inputs(spa);
if (result == 0)

{

}

spa->jd = julian_day (spa->year, spa->month, spa->day,
spa->hour, spa->minute, spa->second, spa->timezone);
calculate_geocentric_sun_right_ascension_and_declination(spa);
spa->h = observer_hour_angle(spa->nu, spa->longitude, spa->alpha);
spa->xi = sun_equatorial_horizontal _parallax(spa->r);
sun_right_ascension_parallax_and_topocentric_dec(spa->latitude,
spa->elevation, spa->xi,
spa->h, spa->delta, &(spa->del_alpha), &(spa->delta_prime));
spa->alpha_prime = topocentric_sun_right_ascension(spa->alpha,
spa->del_alpha);
spa->h_prime = topocentric_local_hour_angle(spa->h, spa->del_alpha);
spa->e0 = topocentric_elevation_angle(spa->latitude,
spa->delta_prime,spa->h_prime);
spa->del_e = atmospheric_refraction_correction(spa->pressure,
spa->temperature, spa->atmos_refract, spa->e0);
spa->e = topocentric_elevation_angle_corrected(spa->e0, spa->del_e);
spa->zenith = topocentric_zenith_angle(spa->e);
spa->azimuth180 = topocentric_azimuth_angle _neg180_180(spa->h_prime,
spa->latitude, spa->delta_prime);
spa->azimuth = topocentric_azimuth_angle_zero_360(spa->azimuth180);

if ((spa->function == SPA_ZA_INC) || (spa->function == SPA_ALL))
spa->incidence = surface_incidence_angle(spa->zenith,
spa->azimuth180, spa->azm_rotation, spa->slope);
if ((spa->function == SPA_ZA_RTYS) || (spa->function == SPA_ALL))
calculate_eot_and_sun_rise_transit_set(spa);

return result;

T T T
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Arduino Source file

#include <math.h>
#include "SPA.h"
#include <Wire.h>
#include "RTClib.h"

RTC_DS1307 ric;

int result;

int ALT_OUT =13, AZI_OUT =9, DirectionALT = 12, DirectionAZI = 8;

float mins, sec;

double TarX =-19.5,TarY =0, TarZ =3.5, SVecX, SVecY, SVecZ, NormSVec,NormTVec,
NSX, NSY, NSZ, NTX, NTY, NTZ, NormST, NX, NY, NZ,HeliALT, HeliAZl,
DeltaALT, DeltaAZl, HeliALTOLD, HeliAZIOLD, A, B, PulseALT, PulseAZI;

void setup()

Serial.begin(9600);

Wire.begin();

Wirel.begin();

rtc.begin();

pinMode(ALT_OUT, OUTPUT);
pinMode(DirectionALT, OUTPUT);
pinMode(AZI_OUT, OUTPUT);
pinMode(DirectionAZI, OUTPUT);

}

void loop()
{

DateTime now = rtc.now();

Serial.printin();
Serial.print(now.year(), DEC);
Serial.print('/");
Serial.print(now.month(), DEC);
Serial.print('/");
Serial.print(now.day(), DEC);
Serial.print(" );
Serial.print(now.hour(), DEC);
Serial.print(":");
Serial.print(now.minute(), DEC);
Serial.print(":");
Serial.print(now.second(), DEC);
Serial.printin();

spa_data spa;

spa.years = now.year();
spa.months = now.month();
spa.days = now.day();
spa.hours = now.hour();
spa.minutes = now.minute();
spa.seconds = now.second();
spa.timezone = 7.0;



spa.delta_utl = 0;
spa.delta_t =67;
spa.longitude = 100.724439;
spa.latitude = 14.036711;
spa.elevation = 7;
spa.pressure = 761.725;
spa.temperature = 29;
spa.slope =30;
spa.azm_rotation =-10;
spa.atmos_refract = 0.5667,
spa.function = SPA_ALL,;
result = spa_calculate(&spa);

if (result == 0)

{
Serial.printIn("Sun Altitude&Azimuth angle are running");
Serial.printIn();

}
else printf("SPA Error Code: %d\n", result);

SVecX = cos((90-spa.zenith)*(6.2832/360))*cos(spa.azimuth*(6.2832/360));

SVecY = cos((90-spa.zenith)*(6.2832/360))*sin(spa.azimuth*(6.2832/360));

SVecZ = sin((90-spa.zenith)*(6.2832/360));

NormSVec = sqrt((SVecX*SVecX)+(SVecY*SVecY)+(SVecZ*SVecZ));

NSX = SVecX/NormSVec;

NSY = SVecY/NormSVec;

NSZ = SVecZ/NormSVec;

NormTVec = sqrt((TarX*TarX)+(TarY*TarY)+(TarZ*TarZ));

NTX = TarX/NormTVec;

NTY = TarY/NormTVec;

NTZ = TarZ/NormTVec;

NormST = sqrt(((NTX+NSX)*(NTX+NSX))+((NTY+NSY)*(NTY+NSY))+
((NTZ+NSZ)*(NTZ+NSZ)));

NX = (NTX+NSX)/NormST;

NY = (NTY+NSY)/NormST,;

NZ = (NTZ+NSZ)/NormST,;

HeliALT = 90-(asin(NZ)*(360/6.2832));
HeliAZI = (asin((NY)/(sqrt((NX*NX)+(NY*NY)))))*(360/6.2832);

Serial.print("HeliALT (degree) =");

Serial.printin(HeliALT); //Show Heliostat's Altitude angle (degree)
Serial.print("HeliAZI (degree) =");
Serial.printin(HeliAZI); /IShow Heliostat's Azimuth angle (degree)

Serial.printIn();

DeltaALT = HeliALTOLD+A-HeliALT;
DeltaAZI = HeliAZIOLD+B-HeliAZI;

Serial.print("Delta_ALT (degree) =");
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Serial.printIn(DeltaALT); //Show differential of Heliostat's Altitude angle (degree)

Serial.print("Delta_AZI (degree) =");

Serial.printin(DeltaAZI); //Show differential of Heliostat's Azimuth angle (degree)

Serial.printIn();
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HeliALTOLD = HeliALT,;
HeliAZIOLD = HeliAZI,

Serial.print("HeliALT_OLD (degree) =");

Serial.printin(HeliALTOLD); //Show Actual Heliostat's Altitude angle (degree)
Serial.print("HeliAZI_OLD (degree) =");

Serial.printin(HeliAZIOLD); //Show Actual Heliostat's Azimuth angle (degree)
Serial.printin();

PulseALT = abs(DeltaALT)*(1112000/360); //Count of Altitude Angle
PulseAZI = abs(DeltaAZI)*(1112000/360); //Count of Azimuth Angle

Serial.print("Pulse of Altitude Angle =");
Serial.printin(PulseALT); //Show Count of Altitude Angle
Serial.print("Pulse of Azimuth Angle =");
Serial.printin(PulseAZI); //Show Count of Azimuth Angle
Serial.printin();

if (DeltaALT < 0)
{
for (inti=0; i < PulseALT; i++)
{
digitalWrite(DirectionALT, LOW);
digitalWrite(ALT_OUT, HIGH);
delay(1);
digitalWrite(ALT_OUT, LOW);
delay(1);
¥

Serial.printIn("Delta_ALT < 0 is running");
Serial.printin();

}
else
{
for (inti=0; i < PulseALT; i++)
{
digitalWrite(DirectionALT, HIGH);
digitalWrite(ALT_OUT, HIGH);
delay(1);
digitalWrite(ALT_OUT, LOW);
delay(1);
¥
Serial.printin("Delta_ALT > 0 is running");
Serial.printin();
¥
if (DeltaAZI < 0)
{

for (inti = 0; i < PulseAZI; i++)

{
digitalWrite(DirectionAZI, HIGH);
digitalWrite(AZl_OUT, HIGH);
delay(1);
digitalWrite(AZI_OUT, LOW);
delay(1);



Serial.printin("Delta_AZI < 0 is running");
Serial.printin();

¥
else
{
for (inti = 0; i < PulseAZI; i++)
{
digitalWrite(DirectionAZI, LOW);
digitalWrite(AZl_OUT, HIGH);
delay(1);
digitalWrite(AZI_OUT, LOW);
delay(1);
¥
Serial.printin("Delta_AZI > 0 is running");
Serial.printin();
¥

delay(120000);
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