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ABSTRACT

Recently, it has become important to bind the nusst of the green technology as the power savirzgesty.
Several applications of the solar energy with ddly designed storage and conducting componenfpfoviding the
solar illuminating system is being proposed. Yastja few of the designs that considers the workiity the micro-
controller unit (MCU) for the conduction of the apllight into the environmental illuminating. Tomplete this task,
construction an appropriate sunlight illuminatingdeal with the relative movement of the sun respedhe earth for the
MCU is recorded. With ray tracing and scatteringdelo variations in the energy flux of the movinglide can be

calculated, which shows the feasibility of presaethodology.
KEYWORDS: Sunlight model, natural light system (NLS), micraatroller unit (MCU), Arduino®Nano
INTRODUCTION

It is critical to determine the optimized angularedtion for solar energy apparatus and the nafight system
(NLS) that rival the best usage of the solar fdy&].Hence, to model the Helios orbit by the MCU fonimium control of
the active solar energy system becomes an impadakt The central elements for such optimizatind eontrol are to
obtain the detailed data of the solar orbit andsfarm this information as the empirical formulaside the MCU for the
device operating at specific longitude and latitlmkation. In order to complete such optimizatiaski, a good model for
simulating the solar rays with the orbital inforiatis needed. A straightforward plan of attactoifiandle the sun rays as
a set of emitting rays in a round aperture thatee@ntom the calculated spherical coordinate of #lestial orbit. However,
such simplification did not look at the fact thhetsunlight is an object with finite angular in tbelestial coordinate.A
modified approach is to provide the finite anguwiects by the scatter model, hence one can simstatttering of the sun
beam into a specified circular cone, which is comded in the specular directi@h. By taking this approach, the
simulated rays, which surrounding the ecliptic, daminate toward directly to the solar energytsys. After integrating
the energy from the sunlight carefully, the constinn parameters of the active solar energy systmbe optimized with
appropriate iterative procedures, under the gieeation and Julian-time.Based ptj, following paragraph give the plot

of the present investigation with the realizatitnategies.
METHODS

To develop the MCU program, one need to give aildetaalculation of the Helios orbit and found dbe
characteristic of these orbital parameters, suahttie programming procedures can be proceed.Tlhement of the sun

can be obtained by using the ephemeris calculagesbfiware from Meade@5] or SkyMap®[6].For examplefFigure
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ldemonstrates the southern view of the Helios mositit Sapporo (Hokkaido, E141.348100, N43.0542602016.7.20
from the SkyMap®. SkyMap®[5].

Figure 1: Helios orbits at Sapporo@Hokkaido on 201.6.20

The conventional usage of the zenith distap(te altitudeAL(t) and the azimuthal angheZ(t)=6(t)for the Helios
in this article are according to the definitiontbe International Organization for Standardizat{t®O), which can be
referred tofigure 2. Nevertheless, one needs to notice that the puweeagquired the transformation of the altitude and
azimuth coordinate between the geographical refeeio the global spherical coordinates. Rotatmn8C for altitude
and 180 for azimuth will be performed to make the measwenbetween these two system consistent. The iadlest
coordinates can be listed in high resolutions betwavo Julian times, such that the time averagesfdar energy
optimization can be completedrigure 3 gives the four views scenario of the solar orhit @regorian’s calendar at
2016.7.20at Taiwan near the landmark Taipei-101 (E121.564NP5.033493), which indicates the possible shaagpw
effects that cause by the movement of the HeliadicH that due to the stable movement of the dale#te similar figure

can be found ifi7].
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Figure 3: Helios Movements Demonstrate in (X,Y,Z) Gordinate at Taiwan on 2016.7.20
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Once the celestial coordinate is listed, the dioactosinesd, b, B of the sun’s ray that towards the horizontal
plane then can be obtained by usegpation (1) Againgand Gare the zenith distance and the azimuth of thestale
sphere, in which stands fat ()= 172-¢(t) andAZ(t)= 6(t).

a=-cos@(t)) sin(g(t))
b = —sin@(t)) sin@t)) (V)

c =-cost))

Equation (1) is the Cartesian-Spherical transformation with imu® sign.This implied that the solar rays is
emitting towards directly to the center of the abjehere the observers or the targeting solar appsiis located.The size
of the celestial sphere should be adjusted to septeas a far field light source, such that one geinaround of the
dimension problem during the sunlight simulatiom go further, a demonstrated Helios coordinates carestructed
in2016.7.20at Dali district (E120.714194, N24.095472), TaichyTaiwan).Figure 4 is made for every 15 mins started
from 6 am to 6 pm, such that there are totall4248 data points, with the abscissa is the tinmeintes) and the vertical
axis indicate the angles (degree).
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Figure 4: Azmithual and Altitude Angle of Helios atDali District on 2016.7.20

Need to mention that due to the Pifarticulate Matter 2.5) and related factors, ihéxessary to discuss the
possible scattering model for the ray tracing. Aftenstructing the rays emitting towards in thesdiion cosine vectoig(
b, 0, the two surfaces are suggested to be made teInioid phenomena.The first one is the surface lwigcbuilt to
represent the fact that the solar rays will abdnrithe target object. Another plane is built ddithit higher than the target
plane with appropriate scattering model, whichdsigned to simulate the finite angular size (ineltlie scattering effects)
of the sun. Isotropic scattering modetj(iation 2 has already been suggested to mimic the surdigtibg the ray tracing

[3,7], whereQ(8,q) is the solar half angular size in radians.

BSDFO— + (2
70(6,9)
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Figure 5: Scattering Effects in the Cloudy Sky withVariations on
Temperature, Dew Point and PM s on 2016.10.20

Figure 5 gives a sample measurement 201.6.10.20for the scattering phenomena, located at the daaie
district. One can see that due to cloudy and the f2Me apodization of the solar radiations is chaggiramatically
within 1 hours. Based on this, normalization prageds proceeding on tH@SDFto simulate the desired effect, and the
ray tracing is take place from the scattering sigfto the ground plane.This approach is to asdignstattering rays
towards to the ground plane or the device target,then the rays can be traced again, but in tverse directions, to find
the directional spot that projected on the celespaere — which is the location of the sun ungecgic solar angular size
[7].Through this methodology, one can give the lovisitland upper limits of the solar radiation duritfte Helios
movement under different atmospheres scatterinditons. After complete the initial ray tracingethays can be saved or
keep tracing in the same direction that headingafoy kind of solar energy system, such as the gbeglding, solar
electricities facilities, Ti@ based visible light hydrogen generating or theuradtlight display systerf8]. It is important
that if one need to estimate the solar trackinghaeism for lower altitude orbit, then the distabeg#ween the two pseudo
surfaces should be larger, such that the reveystaaing procedures can be implemented for tharsatergy calculation
in low altitude conditions. As for the modelling thfe Helios orbit, the altitude and azimuthal cuce@ represent by the
polynomial with minimum coefficients that codinganthe MCU chip, such as Arduino® Nano chifigure 6 gives the
example for the altitudéL(t) of Helios 0n2016.10.15results close t@016.10.2) at Dali district. One can see that the
altitude can be approximated by the sinusoidal tiancor the polynomial form.The comparison betwées two will be
revealed if@]. Here the polynomial form is being taken, atpiation (3a and 3b)gives the example on two formulae to
calculate the altitudes of the sun at specific ttroa October, with Border and # order polynomial approximation.Note
that the coefficients for each term is varied foffedent months. The publishing on the relationskhiptween the
coefficients for different months is also schedulad[9]. Based on these strategies, now one can demaendtrat

implement of these theories for the activationhef $olar energy facilities:

AL(t)=—0.0000000000000107860.0000000000222178870.0000000152243814 23t
0.0000034797735152940.0003307160362533420.2211719545208550060.863366089036334)

AL(t)=0.0000000016904463150.000002329130509220.00053934420141024#t
0.1769261640990861.12279763172248b)
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Figure6: Comparison of Calculated Altitude AL(T) of Helios on_2016.10.1%at Dali District

RESULTS AND DISCUSSIONS

Arduino®Nano with ATmegal68core is recommended as the MCU for this applicatidccording to the
methodologies fofigure 6 ancequation (3a or 3b) the approximate polynomial for each month caol@ined Figure 7
gives the complete results for the altitudé(t) of the Helios orbit at Kuala-Lumpur of Malaysi&102.003055,
N3.141200), in which the author had completed aatetnation of solar rays guiding windows core driydevice/10] to

improve the brightness and the contrast ratio utitdeeenergy saving guidelines.
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Figure7: Comparison of Calculated AL(T) between Skynap® (Blue) and the
Arduino®Nano (Red), At Kuala-Lumpur

In the abovdigure 7 one can see that the variations of the HeliotudkisAL(t) from January to the December.
Note that for the changing of the altitudes, each/e can represent by & 4rder polynomial with minimum digits
coefficients that coding into the MCU. At the sam@ne, for each month there are 5 coefficients
(C4=0.000000001690446315, ;€0.00000232913050922, ,€0.000539344201410247, ,€0.176926164099086 and
Co=1.12279763172228) to fit thilL(t), such that it is supposed to have total 12*5g66fficients that required to store in
the MCU registers.However, if one plots the coédfits G to G, as the function of month, then a similarity betnwélee

four coefficients after appropriate scaling, shiftiand reversing can be observefigare 8.
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Figure.8: Reduction of Polynomial Coefficients thraigh the Similarities
After the reduction shown ifigure 8, now the numbers of coefficients that requirediptoad into the MCU is

estimated as below:
» 12 G, coefficients for 12 months;
* 7 new coefficients that can simulate the entireifgsfof G to C, for 12 months;
e 4 scaling and! shifting coefficients for 4 coefficients curves 6 C,

Now that there are onl27 coefficients (12+7+4+4=27) that can generate thameteAL(t) in the whole year,
that are required to save into the MCU resisteesa(l that there are 482=576raw data for theAL(t)).Due to the
minimum Helios orbital modeling with Arduino®Nanmw is achieved (scattering effects likgure 5 can be adjust by
the scaling and shifting coefficients), then iajgpropriate to demonstrate the possible applicdtiothis MCU - the solar
window with Natural Lighting System (NL$)0,11]. Figure 9 is the scenario for the NLS window that conduet solar
energy. Such device can be helpful to provide gmmte light into a house environment with the basages of the
sunshine. Such scenarios that can also be reclantie targeting markets for various system wipexific function (the
“panel” can be a window, an LCD display, a solangdar a TiQ based electrolysis Hydrogen generating deviceh&ed
on these requirements, to provide a very detaitetkbrstanding of the solar light source for thagtamn with shadowing
effects is extremely important and of practicality. this figure, particular optomechanical desigwo( conjugate-
movement mirrors) along with the MCU algorithm anedlector are designed to guide the illuminatirghtiin this panel.
Since the seasoning variations of the Helios onihin a day, it is necessary to estimate and stickhe MCU to
manipulate the angle of the optical system drivdogeme.Appropriate illuminating region of the paisetlesigned, such

that one can reduce the energy consumption of tif ystem.

In figure 9, the reflecting mirroA with lengthL and angle rotating anglg can reflect the solar rays, which
incident with altitude anglaL(t), into the pane® at specific higiH. One can define af ratio that equal t&i/L such that
after some algebraic calculation, the followimguation (4) can be obtained. Note that the rotation angtesndf3 of the

device are controlled by the MCU.
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AL(t)

Figure9: NLS System with Two Mirrors Type that Using
MCU to Control a and 8 Under SpecificAL(T)

tan(AL(t)) = [M] (4)

cosS 1+ 2l [3inB)

Fr=H/L

If =1, then the following exact solution in degrequation (5)stands
__2 5
B=-3AL) +30(5)

In general, it is difficult to find the exact saloh for equation (4)with arbitraryl’, and even there is the exact one
for particularl, it is also hard to be implemented into the MCldedily. However an inverted numerical method can
achieve the purposed for the MCU algorithm. Formepde, if T=2, one can obtain the followirgguation (6) Solutions
for the complicatecquation (4) now turn into the linear form, such aquation (5,6) make it easy to be implemented

into the MCU to drive the servo-motor for resporggio the effects caused by Helios movement.
L =-05656[ AL(t) + 36369(6)

As a summary, the procedures for the present iigat&in includes the analysis the orbit of the Biglispeculate
the scattering phenomena, the radiation pattenestegduce the tracing parameters for efficientingaand the embedded
algorithm for the MCU with minimum usages of regist Throughout these procedures, one can calciilateverall
efficiency of the system. Moreover, the weatherdittons can be carried out by using the scattenmglel between the
ground plane and the solar positions mentioned eb&ay attention that the difficulties will be oodng on the
determinations of the scattering coefficients. Otiwe values of altitudéL(t) and the azimutlAZ(t) within 720 min is
given during the tracking process, the normalidest bf the solar then can be estimated by exametiexgy along the
earth plane — which is the energy without any shaalg or the scattering effects, such that any Vs the cause by the

other factors can be estimate through kigiseline
CONCLUSIONS

Grounded along the above formulations, an algoritismtrained and the comparison between the MCU
(Arduino®nano) with the original data from SkyMag@®e complete. The minimum Helios orbital modeling ICU to

drive solar energy system is achieved, and resuisate that the MCU can generate the acceptasigts compare to the
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SkyMap®, with only limited memories stored in theCM.Moreover, in this report, the model on the solrs and the
method to trace it is discussed.Grids of paraligbrare initially created from the target planeyaal to the center of the
earth, then trace back to the celestial to lodageposition of the Helios.The solar position isreated through a finite
angle by using isotropic scattering model. This atas successful in designing solar energy systetups, and one can
use it to complete the key procedure on the fatioiocaf the solar illuminating NLS. The orbital isss are revealed, and

the working status, the operating requirement enMICU is explained.
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