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Development of an Embedded Solar Tracker using LabVIEW
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Abstract — This paper introduces step by step procedures for the fabrication and operation of an embedded
solar tracker. The system presented consists of application software, compactRIO, C-series interface module,
analogue input module, step drive, step motor, feedback devices and other accessories to support its functional
stability. CompactRIO that has a real-tim processor allows the solar tracker to be a stand-alone real time system
which operates automatically without any external control. An astronomical method and an optical method were
used for a high-precision solar tracker. CdS sensors are used to constantly generate feedback signals to the
controller, which allow a solar tracker to track the sun even under adverse conditions. The database of solar
position and sunrise and sunset time was compared with those of those of the Astronomical Applications
Department of the U.S. Naval Observatory. The results presented here clearly demonstrate the high-accuracy
of the present system in solar tracking, which are applicable to many existing solar systems.
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] N=NI-(N2"N3)+day-30
Inghour = long/15;
t=N-+((6-Inghour)/24);
month|M=(0.986+)-3.289;
L=M+((1.916*sin(M*pi/180))+ (0.020*(sin(2*M*pi/180))) - 282.634);
day| RA=180/pi*atan(0.91764*tan(Lpi/180));
Lquadrant=(floor(L/80))*30;
RAquadrant=floor(RA/90))*90;
RA=RA+(Lquadrant-RAquadrant);

RA=RA/15;

zenith=90.8333;
sindec=0.39782+*sin(L*pi/180);
cosdec=cos(asin(sindec));

dec=-7.10;
H=180/pi*acos((cos(zenith*pi/180)-(sindec*sinlat*pi/180]))
J(cosdectcos(at*pi/180)));
H=360-({180/pi)*acos(cos(H*pi/180)));
H=H/15;

Ra=22998526;
T=H+RA-(0.06571*)-6.622;
T=T-Inghour;

T=T+d-24;

t2=N=((18-Inghour)/24);
M2=(0.986%t2)-3.289;
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134 57 - ol@FE - A - 2.UF - W)
Table 1. 20099 = 1¥~6Y 1¥€9 1= W W9jzF 23}
January February March April May June

AZE =) | EE) | LEE) | EE) | 2EE) | EHE) | 2EE) | ERAC) | 2EE) | ERAC) | 2=C) | SO
5:00 — — — — — — — — 0.00 | -0.26 -0.10 -0.13
6:00 — — — — — — 0.01 -0.26 0.21 -0.17 0.02 | -0.11
7:00 -0.11 -0.19 -0.02 -0.19 -0.01 -0.22 0.15 | -0.26 0.01 -0.19 -0.02 -0.18
8:00 0.10 | -0.17 0.16 | -0.24 0.10 | -0.26 0.08 | -0.27 0.05 | -0.23 -0.07 -0.20
9:00 0.00 | -0.02 0.05 | -0.27 0.10 | -0.26 -0.20 -0.01 -0.20 0.04 -0.14 -0.18
10:00 | -0.09 -0.12 -0.10 -0.08 -0.15 -0.07 -0.17 -0.10 -0.16 -0.03 -0.13 -0.09
11:00 0.01 -0.12 -0.11 -0.11 -0.16 -0.14 -0.15 -0.14 -0.16 -0.17 -0.14 -0.20
12:00 | -0.04 -0.09 -0.05 -0.19 -0.11 -0.21 -0.07 -0.33 -0.11 -0.38 -0.09 -0.49
13:00 0.05 | -0.17 0.02 | -0.17 -0.07 -0.23 -0.05 -0.40 0.04 | -0.49 0.08 | -0.68
14:00 0.05 | -0.10 0.05 | -0.23 0.03 -0.26 0.01 -0.27 0.14 | -0.29 0.17 | -0.30
15:00 0.06 | -0.12 0.07 | -0.14 0.12 | -0.19 0.09 | -0.21 0.12 | -0.22 0.15 | -0.13
16:00 0.14 | -0.10 0.15 | -0.17 0.15 | -0.18 0.09 | -0.10 0.17 | -0.14 0.21 -0.13
17:00 0.29 | -0.05 0.15 | -0.10 0.20 | -0.08 0.17 | -0.09 0.14 | -0.06 0.17 | -0.11
18:00 0.11 -0.08 0.58 | -0.04 025 | -0.13 0.21 -0.06 0.20 | -0.08 023 | -0.11
19:00 — — 0.16 | -0.07 0.12 | -0.11 0.19 | -0.03 0.39 | -0.08 0.28 | -0.06
20:00 — — — — — — — — 0.17 | -0.07 0.17 | -0.10
ave. 0.09 0.11 0.13 0.15 0.12 0.18 0.10 0.16 0.14 0.18 0.14 0.20

Table 2. 20099 = 79~12¢ 1¥9] 1= 2 =z} 2%}

July August September October November December

Az [ 3EE) [9990) [ 150 [ 390) | 2250 [ #90) [ 150) [ #96) | 150) | #96) [ 150) [ F9490)
5:00 -0.21 -0.11 -0.23 -0.02 — — — — — — — —
6:00 -0.01 -0.03 0.12 0.04 | -0.22 0.05 | -0.27 0.08 | -0.28 0.11 — —
7:00 -0.12 -0.07 -0.16 0.03 -0.11 0.16 | -0.05 0.07 0.17 0.07 | -0.27 -0.01
8:00 -0.18 -0.04 -0.21 0.04 | -0.20 0.10 | -0.18 0.10 | -0.21 0.10 | -0.07 -0.05
9:00 -0.21 -0.01 -0.09 -0.21 -0.23 0.15 | -0.21 0.12 | -0.01 -0.19 -0.05 -0.16
10:00 | -0.13 -0.18 -0.06 -0.25 -0.08 -0.31 -0.02 -0.25 0.03 -0.20 -0.01 -0.10
11:00 | -0.12 -0.27 -0.05 -0.32 0.01 -0.37 0.06 | -0.31 0.08 | -0.25 0.00 | -0.18
12:00 | -0.09 -0.62 -0.01 -0.60 0.04 | -0.49 0.07 | -0.33 0.07 | -0.24 -0.01 -0.14
13:00 0.07 | -0.70 0.11 -0.50 0.06 | -0.35 0.11 -0.23 0.10 | -0.19 0.06 | -0.18
14:00 0.16 | -0.19 020 | -0.20 0.17 | -0.27 0.14 | -0.24 0.14 | -0.12 0.14 | -0.12
15:00 0.16 | -0.10 0.12 | -0.11 0.14 | -0.15 0.21 -0.12 0.18 | -0.09 0.09 | -0.08
16:00 0.12 | -0.06 0.15 | -0.07 0.13 -0.10 0.17 | -0.10 0.21 -0.15 0.13 | -0.16
17:00 0.18 | -0.04 0.14 | -0.10 020 | -0.09 0.16 | -0.14 0.29 | -0.09 029 | -0.08
18:00 0.23 -0.12 0.17 | -0.10 020 | -0.14 036 | -0.10 0.14 | -0.10 0.09 | -0.12
19:00 027 | -0.13 030 | -0.08 0.11 -0.12 0.15 | -0.09 — — — —
20:00 0.16 | -0.10 0.10 | -0.10 — — — — — — — —
ave. 0.15 0.17 0.14 0.17 0.12 0.18 0.14 0.14 0.12 0.12 0.08 0.09
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Table 3. 2009d % ¥ o= 9 QEA7F 93}

Sun rise Sun set
Jan. 0:00:16 0:00:36
Feb. 0:00:15 0:00:35
Mar. 0:00:14 0:00:36
Apr. 0:00:14 0:00:37
May. 0:00:15 0:00:37
Jun. 0:00:15 0:00:37
Jul. 0:00:15 0:00:37
Aug. 0:00:15 0:00:37
Sep. 0:00:15 0:00:36
Oct. 0:00:14 0:00:35
Nov. 0:00:13 0:00:35
Dec. 0:00:12 0:00:34
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