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same in all directions or maximum in the particular d|r ta® convelt the more
electricity. The solar servo control tracking device usm no eter g disclosed. The

device includes: a solar panel; a tracker having neI rivi otor driving the
; first eters measuring a
380 nm 40 nm wavelengths;

solar panel; a tracker controller controlling the t
NS an@ctmg solar radiation; and
in the CE detecting solar radiation.

Abstract YN
In this paper, the solar sensing device used to measure the solar rad%{ ther it is

second pyranometers measurlng a solar azim

solar azimuth in EW and detecting solar rad !g ion
a third pyranometer measuring a solar

The tracker controller includes: S|gn |f|er N mg detection signals in three
azimuths by the pyranometers; S|gn esso the amplified detection signals
by limiting a voltage; and a roI micro uter outputting a control signal to
the solar panel driving mot% the sol nel when the solar radiations are same
and the solar radiations in one ectlo imum.

Keywords: Pyran 7 solar tracker solar azimuth, a signal processor,
microcomputer. \\ &

Intro Q

In this paper, the SO|Q’VO control tracking device for a solar photovoltaic generation,
and more partlcul e solar to a solar servo control tracking device using a
pyranometer [1 eral, solar light contains ultraviolet light of 3%, visible light of

43%, and mfra ight of 54%. The wavelength with the highest energy density for solar
eneration is 380 nm to 780 nm of visible light and the wave of the next
y density is 840 nm of near infrared light wavelength of which is relatively
infrared light. A solar cell (photovoltaic cell) performs energy conversion
light to electric energy mainly using the wavelength of the visible light 380 nm
nm and the wavelength of the near infrared light 840 nm. An existing device for
detecting a sunlight incident angle is settled to measure the incident angle where solar
radiation is maximized using a cadmium sulfide (CdS) light sensor. However, the
detection of an incident angle of sunlight using the CdS light sensor has the following
disadvantages. First, since only some of 380 nm to 450 nm (low band visible light) among
wavelengths of 380 nm to 780 nm of visible light having high solar energy density is
detectable and detection sensitivity becomes inferior due to non-linearity with respect to
an incident angle of the sunlight, it is difficult to precisely detect sunlight. Since detection
output is weak in cloudy or very changeable weather due to the detection output
exhibiting a second order function characteristics, it is difficult to detect the precise
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incident angle of sunlight so that it is hard to improve the efficiency of solar photovoltaic
generation. Second, since the detected incident angle of sunlight is restricted due to a
triangular pyramid shape of the CdS light sensor, azimuth angles of sunlight with respect
to east, west, south, and north cannot be detected. Due to this, two CdS light sensors are
used. However, even in the case when the two CdS light sensors are used, it is difficult to
track sunlight in the very changeable weather.

2. Construction Details of Pyranometer

The present invention has been made in view of the above problems, and it is an object
of the present invention to provide a solar servo control tracking device using
pyranometer for precisely detecting energy density of wavelengths of 380 nm to 840 nm
that are required for solar photovoltaic generation using a plurality of pyranometers
capable of measuring solar radiation in three directions such as east-west (EW),
north-south (NS), and vertical center (CE) so as to measure an incident angle o sWt
with the hlghest energy density and to improve the efficiency of solar aic

objects can be accomplished by the provision of a solar s Vo, cont ing device
using pyranometers as shown in
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Figure *bck Diagram lllustrating a Solar Servo Control Tracking Device

using Pyranometer
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Figure 2. Block Diagram of Solar Generation System for Building an
Aquarium

The Figure 1. The Pyranometer is used to detecting the best light or radiati
operating the solar tracking system. The pyranometer could measure the solar \tauh
from the sun and the amount of energy send to the Building Aquarium.The flogk diagram
of solar generation system for building aquarium as shown i the Figurg 2! Figure 1
including: a solar panel (70); a tracker (200) including a s%nel dri@otor (71) for
driving the solar panel (71); a tracker controller (10 lling, the Wacker (200); a

plurality of first quadrangular or semi spherical meters, (10)Wfieasuring a solar
azimuth in the east and west direction (EW) and ng sola Mlon of wavelengths

of 380 nm to 840 nm; a plurality of second rangula pherlcal pyranometers
and

(20) measuring a solar azimuth in the nort S uth d| (NS) and detecting solar
radiation of wavelengths of 380 nm to 8 drangular or semi spherical
pyranometer (30) as shown in the F Al me a solar azimuth in the vertical
central direction (CE) and detectm radlat avelengths of 380 nm to 840 nm;
where in the tracker controll mcl plurallty of signal amplifiers (40)
amplifying solar radiation ﬁg&tlon sigh three azimuths of the east and west
direction (EW), the north d south d|r S), and the vertical central direction (CE),
which are measured flrst se and third pyranometers (10, 20, and 30); a
plurality of signal pr rs (50) filtering the three directional amplified solar radiation
detection S|gnals b mg % and a main control microcomputer (60) outputting
a control si e solar p driving motor (71) such that the solar panel (70) is
stopped wi e olar r ons in a first direction or the solar radiations in a second
direction a the pI&of output signals in three directions output from the signal
processors (50) are d the solar radiations in one direction are maximum. The first
direction where ar radiations are same is the east and west direction (EW), the
second directio@e the solar radiations are same is the north and south direction (NS),
and the gne direction where the solar radiation is maximum is the vertical central
directio >~ The solar servo control tracking device using pyranometers further
inclu @ self-diagnosis microcomputer (80) monitoring whether the output control

i @ the main control microcomputer (60) is abnormal and controlling the main
%} microcomputer (60) to be reset or standby when the output control signal is
abwbrmal. The signal amplifiers output voltages with respect to the three directional solar
radiations detected by the first, second, and third pyranometers (10, 20, and 30) as shown
in the Figure 4 and using push-full amplifier transistors (Q1 to Q18) to the output current.
The Signal processing unit as shown in the Figure 5 and each of the signal processors
(50) includes: a voltage limiter (51) limiting the amplified signal of the first, second, and
third pyranometers (10, 20, and 30) within 5V; a first input end buffer (52) buffering the
voltage-limited amplified signal; a filter (53) filtering the buffered amplified signal; and a
second output end buffer (54) buffering the filtered amplified signal to be output to the
main control microcomputer (60)[2][3][4]. According to the present invention, energy
density of wavelengths that is required for the solar photovoltaic generation can be
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precisely measured. Since output characteristics of the pyranometers exhibit linear log
output characteristics with respect to the incident angle of sunlight, detection sensitivity is
excellent to precisely detect sunlight. Due to the linear log output characteristics of the
pyranometers, the incident angle of sunlight is easily detected in various weather
conditions such as clear day as well as cloud weather so that efficiency of solar
photovoltaic generation can be improved and sunlight can be rapidly tracked even in very
changeable weather. In the Figure 3(b), semispherical pyranometer refers to the Figure 4.
The Figure 4 is similar to the matrix. In the matrix 00 refers to Q5 transistor circuit and it
indirectly refers to the Figure 3(b). It is center to the vertical and horizontal circuits of the
pyranometer like that 10,11,12,13 refers to horizontally aligned.
N

T CE

[OR

%

Figure 3. Plan View (a) lllustrating a Qua@gular Wd—Shaped, (b)
Semispherical anomgt%

Sensors and 20,21,22,23 refers to the cally %bsensors of the pyranometer.
si

These sensors circuits as shown in t re 4 trix refers to the sensor circuit
which is shown in the Figure 3(b). ensor@ﬁtely determined the maximum sun
radiation point and converts it e maxipum électrical energy. The tracking control
of both axes (a rotation “exis\ and an‘altifltle axis) is performed using the first

pyranometers 20 in th and so irection NS, and third pyranometer 30 in the
vertical central directiopn®™CE.The pyyanometer exposed to outdoor operation will have a
response voltage N ly ex: s follows:

V = R(9)(|+ » (1

With @ as theéimenith angle, 1., IS the direct irradiance, |, the
diffuse irradian ected by the dome of the pyranometer in the measured
orientation aﬂ&@) the sensitivity coefficient as a function of the orientation

pyranometers 10 as pyranometers r% ast and west direction EW, the second
Q'pw i

angle o ool relative to the sun with units of [V m? / W]. However, in
laborat nditions, diffuse irradiance source is avoided and the plane of the
pyr er and the pattern should be normal to the maximum intensity of the

. So that the voltage response of the pyranometer can be defined according
tovhe following expression:

V = " RO NP0 = .MR(@O)[ [+ [ F(r)dr} &)

With |, the maximum irradiance at the center point of the distribution. F(r)is

the normalized spatial distribution function of the intensity. In this case the Pyroelectric
detector area is circular with radius b larger than the electrically calibrated pyroelectric
detector (ECPR) area with detector radius a.

The response of the standard is similar and according to the following expression:
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Istandard = .[)a Idirectlz(r)dr (3)

The expressions (2) and (3) do not include any correction for spectral response because
both sensors have a flat response in the visible and near infrared. From (2) and (3) the
response of the pyranometer irradiance at normal incidence is:

Vv
R(G,)=
( ) Idirect[_[oa F(rhr - J:l F(ra - rbhr}
Vv
= 4)
Istandard - Id ir J;IF(ra_ Ty )jr

*
The determination of the irradiance on the plane of the detectors is bas?M
of the

premise of having the same normal distance from the source to each of th
detectors, which can be secured by the mechanical alignment of the,e dome
external reference of the pyranometer and known referene@e?ectri e [9].

3. Design of Sensor Signal Processing C@ \/
n pyrano

A solar servo control tracking device usi er according to an
embodiment of the present invention, as i@ratedoi fgure 6(b), includes solar
panels 70, a tracker 200 having a sol@ | driving™wotor 71 rotating the solar
panels 70; and a tracker controller % ntro) tracker 200.The tracker 200
is installed between a plurality ofﬁ lar p 0 and includes, as illustrated in
Figure 6(b), the solar panel @r motor, 71, first reduction gear 72, a second
worm reduction gear 73,&& worrﬁ\ tion gear 74, and an azimuth sensor
unit 75.

The solar panel

controller 100.

\@ motor driven by a servo control of the tracker
solar pane%riving motor 71, the first reduction gear 72, the
second worm ion ¢ 3) and the third worm reduction gear 74 are
sequentiallyeQhpected to-genérate high torque required to drive the solar panels
70 that is smitted @ solar panels 70 such that a pinion of the third worm
reduction gear 74 nnected to the second worm reduction gear 73 and
sequentially a w; heel of the third worm reduction gear 73 is connected to a
pinion of the jfid*worm reduction gear 73 so as to generate maximum driving
torque. A solarepanel fixing shaft 76 to which the solar panels 70 are fixed is
installe worm wheel. The azimuth sensor unit 75 is installed to the tracker
200 ct an absolute azimuth of the solar panels 70 for the rotation angle

véntrol of the solar panels 70. The azimuth sensor unit 75 includes a sensor
@n, a sensor worm wheel, and an azimuth sensor. The sensor pinion is
connected to the pinion of the third worm reduction gear 74, the sensor worm
wheel is connected to the sensor pinion, and the azimuth sensor is installed to a
rotation shaft of the sensor worm wheel. The azimuth of the solar panels 70
detected by the azimuth sensor is transmitted to the tracker controller 100.
Meanwhile, the tracker controller 100 may include a wind speed sensor 300
outputting a wind speed signal to the tracker controller 100 (Figure 6(a)) and a
limit switch (not shown) limiting the rotation angel of the solar panels 70 within a
predetermined angle to prevent the solar panels 70 from being damaged such that
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the tracker controller 100 controls the solar panels 70 to be parallel to the ground
when a typhoon or a strong wind occurs. The wind speed sensor 300 protects the
solar panels 70 in nasty weather such as a typhoon or a strong wind. The wind
speed sensor 300 detects a wind speed and outputs the wind speed to the tracker
controller 100 when the typhoon or the strong wind occurs, and the tracker
controller 100 outputs a control signal to the solar panel driving motor 71 to
control the solar panel is parallel to the ground.
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Figure 6. (2) A Schematic View lllustrating the Solar Servo Control
Tracking Device According to the Embodiment of the Present Inventign (b
Illustrating a Tracker of the Solar Servo Control Tracking Device ac

to the Embodiment of the Present Invention %N

In the above-mentioned solar servo control tracking devicg, the trac IIer 100
includes pyranometers 10, 20, and 30, a plurality of si ﬁxplifier plurality of
signal processors 50, the main control microcomée 0, self-diagnosis

microcomputer 80. The pyranometers 10, 20, and lustr ure 6(a), may be
installed to sides of the solar panels 70 or at oth itions. ifafter, driving of the
solar panels 70 by the tracker 200 will be descgibed using, the-solar"panel driving motor 71
and the control of the tracker 200 by the tr ntroller\@vill be described using the
plurality of signal amplifiers 40, the ph@of sig rocessors 50, the main control
microcomputer 60, and the self-dia mic
tracking device using a pyrano ccordi the embodiment of the present
invention, as illustrated in Fi u@ incluges a“plurality of first, second, and third
pyranometers 10, 20, and 30 plurality; nal amplifiers 40, the plurality of signal

processors 50, and the m ontrol m uter 60.

The plurality of f|rs nd and pyranometers 10, 20, and 30, as illustrated in
Figure 3, has ular p ramid shape (an upper drawing in Figure 3) or a
semispherical s Iow g in Figure 3), and detects solar radiation of
wavelengt to 840 hat is required for the solar photovoltaic generation in
the east an |rec o@V in the north and south direction NS, and in the vertical
central dlre

The plurality of i ranometers 10 measures a solar azimuth in the east and west
direction EW (b gle), the plurality of second pyranometers 20 measures a solar
azimuth in the@ and south direction NS (solar altitude), one third pyranometer 30
measuresqsalar azimuth in the vertical central direction CE (vertical angle) so as to
measure ident angle of sunlight with the highest energy density of wavelengths of
380 40 nm at the corresponding solar azimuth. In Figure 3, the plurality of first

a @ eters 10 are indicated by U1 to U4, the plurality of second pyranometers 20 are
%ted by U5 to U8, and the third pyranometer 30 is indicated by U9. Solar radiations
medsured by the plurality of first, second, and third pyranometers 10, 20, and 30 are
output as a voltage by resistors R4 and a capacitor C1 that are connected to each other in
parallel in a case when the first pyranometer 10 is U1. Since output characteristics of the
pyranometers with respect to the incident angle of sunlight exhibit a linear log output
response, sunlight can be precisely detected regardless of weather change such as cloudy
or fine weather. The plurality of signal amplifiers 40 amplifies solar radiation detection
signals in the three solar azimuths of the east and west direction EW, the north and south
direction NS, and the vertical central direction CE that is measured by the plurality of first,
second, and third pyarnometers 10, 20, and 30 in the east and west direction EW, the
north and south direction NS, and the vertical central direction CE such that output
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voltages of the three directional solar radiations that are measured by the first, second, and
third pyranometers 10, 20, and 30 are amplified by push-full amplifier transistors Q1 to
Q18 (Figure 4) and are output as current. Among the push-full amplifier transistors Q1 to
Q18 of Figure 4, Q1 and Q3 are assigned to push-full amplifier transistors of one U1 of
the first pyranometers 10. Each of the signal processors 50 includes a voltage limiter 51
filtering the respective amplified three directional detection signals by limiting voltage
and outputting the voltage-limited detection signals to the main control microcomputer 60,
a first input end buffer 52, a filter 53, and a second output end buffer 54. The voltage
limiter 51 is a circuit device for limiting the respective amplified signals of the first,
second, and third pyranometers 10, 20, and 30 within 5V, and for example, an amplified
signal from the first U1 of Figure 4 is limited within 5V by a resistor R3, a capacitor C3,
and a Zener diode D1 as illustrated in Figure5. The first input end buffer 52 is a circuit
device for buffering the amplified signal limited within 5V, for example, a comparator
U1A connected to the resistor R3, the capacitor C3, and the Zener diode D1 of Figure 5,
The filter 53 is a circuit device filtering the amplified signal buffered by the flrst M
buffer 52, and filters the amplified signals using a resistor R4 and a capacito irst
low- pass filter that is connected to the comparator of Flgure 5.The second t ut end

buffer 54 is a circuit device buffering the filtered amplified, signals tting the
buffered amplified signals to the main control mlc ter 60 example a
ior

comparator U1B connected to the resistor R4 and thg
I ign \? lar panel driving
the out nals from the signal

The main control microcomputer 60 outputs a
motor 71 such that the solar panels 70 are stopped
processors 50 in one direction, that is, the eas west dur%n EW or in two directions

of the east and west direction EW and the and sout ction have the same value
and an output signal in one direction, t e Ve tlmentral direction CE is maximum.
A constant voltage is applied to the fi cond X pyranometers 10, 20, and 30 to
drive the sensors by a power s p;@‘%&The sola 0 control tracking device according

to the embodiment of the t ||1v n further includes the self-diagnosis
microcomputer 80. The self*diagnosis mputer 80 diagnoses the main control

microcomputer 60 when there occurs&b e in controlling the solar panels 70 despite

the main control mlcr ter 60 out he control signal for driving the solar panels
70, and controls contr icrocomputer 60 to be reset or standby such that
maintenance |s by a at when an abnormal operation of the main control

mlcrocomp ch as a.conttel error of the output control signal is diagnosed.

The ab’ntlon @ servo control tracking device using a pyranometer has

operating modes such anual mode and an automatic mode performed by an input
switch (not shown e automatic mode, the solar panels 70 automatically track
sunlight due to rol signal from the main control microcomputer 60 in accordance
with the meas ignal by the first, second, and third pyranometers 10, 20, and 30. In
gather, when the measured values of the pyranometers 10, 20, and 30 are lower
enreference value, the main control microcomputer 60 controls using a timer
the solar panels 70 to automatically track sunlight by a solar incident
atfon program with respect a time function. Thus, the incident of sunlight is easily
ed in various weather conditions from fine day to cloudy day [5] [6].
n the automatic mode, the main control microcomputer 60 outputs a control signal to
the solar panel driving motor 71 to drive the solar panels 70 in the east and west direction
EW such that solar radiations of the plurality of first pyranometers 10 are same and to
stop the solar panels 70 at a point where the solar radiation from one of the third
pyranometers 20 in the vertical central direction CE is maximum. As such, a short axis
(rotation axis) tracking control is performed using the first pyranometers 10, that is, the
plurality of pyranometers in the east and west direction EW and the third pyranometer 20,
that is, the one pyranometer in the vertical central direction CE.

Moreover, the main control microcomputer 60 outputs the control signal to the solar
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panel driving motor 71 to drive the solar panels 70 in the east and west direction EW such
that solar radiations output from the plurality of first pyranometers 10 are same, to drive
the solar panels 70 in the north and south direction NS such that solar radiations output
from the plurality of second pyranometers 20 are same, and to stop the solar panels 70 at
the point where solar radiation output from the third pyranometer 30 in the vertical central
direction CE is maximum][1].

4. Experimental Results

The output characteristics of the pyranometers with respect to the incident angle of
sunlight exhibit a linear log output response, sunlight can be precisely detected regardless
of weather change such as cloudy or fine weather. The tracking control of both axes (a
rotation axis and an altitude axis) is performed using the first pyranometers 10 as
pyranometers in the east and west direction EW, the second pyranometers 20 in thé\gorgh”
and south direction NS, and third pyranometer 30 in the vertical central directio e
pyranometer sensor has been shown in the Figure 7(a). The testing and afia of the
pyrometer have been satisfied. The characteristics of pyrometer rlave sh in the Figure
7(b). On the x-axis taken as Mountain Standard Time axis r ents irradiance

watts/square meter. The blue color curve indicates theﬁ& t Heam, radiarice of the sun,
brown color curve indicates the total radiation of; and Ween color curve
indicates the diffusion radiation of the sun. \,K/

Con
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Figure yra§@er Sensor, (b) Solar Irradiation Measurement by
X_

Pyranortieter ( Represents Mountain Standard Time and Y-axis
esents Irradiance Watts/Square Meter

5. Co ion

In aper, the measuring device is designed for the solar generation system

t uilding aquarium. From the result, it can be concluded that the precise
ting angle servo-control is implemented by using operating angle sensor unit.
The each of the tracking device controllers receives an optimal signal from the
integrated control panel to perform the precise operating angle servo-control and
hence the efficiency of the pyranometer has been satisfied.
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