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Sun Position - John Clark Craig 2017-05-31
More than ever, solar energy is proving to be a
calculation-of-sun-position-and-tracking-the-path-of-sun

viable, safe, abundant source of renewable
energy to help meet today's energy
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requirements around the world. At the core of
just about all solar energy research, whether for
site planning, or real time aiming of the most
sophisticated concentrating receivers, heliostats,
and photovoltaic tracking systems, is the need to
know exactly where the sun is in the sky, at any
given time and at any given location on the
earth. The intent of this book is to meet that
need more efficiently and with better usability
than just about any resource available. The
Algorithms are written in 9 common
programming languages. The languages are: C
language source code C# (C-Sharp) source code
Excel VBA source code Fortran source code Java
source code Javascript source code PHP source
code Python source code VB (Visual Basic)
source code
Advances in Solar Heating and Cooling Ruzhu Wang 2016-05-25
Advances in Solar Heating and Cooling presents
new information on the growing concerns about
climate change, the security of energy supplies,
calculation-of-sun-position-and-tracking-the-path-of-sun

and the ongoing interest in replacing fossil fuels
with renewable energy sources. The amount of
energy used for heating and cooling is very
significant, estimated, for example, as half of
final energy consumption in Europe. Solar
thermal installations have the potential to meet
a large proportion of the heating and cooling
needs of both buildings and industry and the
number of solar thermal installations is
increasing rapidly. This book provides an
authoritative review of the latest research in
solar heating and cooling technologies and
applications. Provides researchers in academia
and industry with an authoritative overview of
heating and cooling for buildings and industry in
one convenient volume Part III, ‘Solar cooling
technologies’ is contributed by authors from
Shanghai Jiao Tong University, which is a worldleader in this area Covers advanced applications
from zero-energy buildings, through industrial
process heat to district heating and cooling
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Honghua Tan 2012-02-04
The volume includes a set of selected papers
extended and revised from the 4th International
conference on Knowledge Discovery and Data
Mining, March 1-2, 2011, Macau, Chin. This
Volume is to provide a forum for researchers,
educators, engineers, and government officials
involved in the general areas of knowledge
discovery and data mining and learning to
disseminate their latest research results and
exchange views on the future research
directions of these fields. 108 high-quality
papers are included in the volume.
Scientific and Technical Aerospace Reports 1983
Lists citations with abstracts for aerospace
related reports obtained from world wide
sources and announces documents that have
recently been entered into the NASA Scientific
and Technical Information Database.
Economical and Technical Considerations
for Solar Tracking: Methodologies and
calculation-of-sun-position-and-tracking-the-path-of-sun

Opportunities for Energy Management Soulayman, S. 2017-09-13
Renewable energy is a critical topic of
discussion in contemporary society. With
increased attention on alternative methods, solar
tracking has emerged as an effective strategy for
sustainable energy management. Economical
and Technical Considerations for Solar Tracking:
Methodologies and Opportunities for Energy
Management is an essential reference source for
the latest scholarly research on economic and
technical considerations of long-term and shortterm solar tracking. Featuring coverage on a
broad range of topics such as sun position, solar
radiation, and geographic orientation, this
publication is ideally designed for students,
professionals, and engineers seeking current
research on efficient use of solar energy.
Practical Astronomy with your Calculator or
Spreadsheet - Peter Duffett-Smith 2011-05-05
Now in its fourth edition, this highly regarded
book is ideal for those who wish to solve a
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variety of practical and recreational problems in
astronomy using a scientific calculator or
spreadsheet. Updated and extended, this new
edition shows you how to use spreadsheets to
predict, with greater accuracy, solar and lunar
eclipses, the positions of the planets, and the
times of sunrise and sunset. Suitable for
worldwide use, this handbook covers orbits,
transformations and general celestial
phenomena, and is essential for anyone wanting
to make astronomical calculations for
themselves. With clear, easy-to-follow
instructions for use with a pocket calculator,
shown alongside worked examples, it can be
enjoyed by anyone interested in astronomy, and
will be a useful tool for software writers and
students studying introductory astronomy. Highprecision spreadsheet methods for greater
accuracy are available at
www.cambridge.org/practicalastronomy.
Fundamentals and Source Characteristics of
Renewable Energy Systems - Radian Belu
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2019-09-10
This textbook is intended for an audience with
little or no power engineering or renewable
energy background. The book covers electric
energy from alternative energy sources,
including solar, wind, water, hydropower,
geothermal, and ocean energy. Core issues
discussed include wind and solar resource
estimates and analysis, solar thermal systems,
solar collectors, photovoltaics, wind turbines,
geothermal energy, energy small hydropower,
wave, tide and ocean energy, and characteristics
of energy conversion, control, and electrical
aspects. This is one of the most comprehensive
textbooks for students, engineers, and
professionals who study renewable energy.
There are several questions and problems,
presented with increasing difficulty, most of
which focus on practical applications. The
materials and problems are drawn from the
author’s extensive experience in renewable
energy analysis, assessment, design, control,
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and the power electronics of wind and solar
energy conversion systems. Each section of the
book contains several solved examples, as well
as practical and advanced discussions, that
instill critical thinking and apply to industrial
applications. The book is divided into eight
chapters and covers the most important aspects
of renewable energy sources and technologies.
Automatic Solar Tracking Sun Tracking
Satellite Tracking rastreador solar
seguimento solar seguidor solar automático
de seguimiento solar - Gerro Prinsloo
2015-11-01
Automatic Solar Tracking Sun Tracking : This
book details Automatic Solar-Tracking, SunTracking-Systems, Solar-Trackers and Sun
Tracker Systems. An intelligent automatic solar
tracker is a device that orients a payload toward
the sun. Such programmable computer based
solar tracking device includes principles of solar
tracking, solar tracking systems, as well as
microcontroller, microprocessor and/or PC
calculation-of-sun-position-and-tracking-the-path-of-sun

based solar tracking control to orientate solar
reflectors, solar lenses, photovoltaic panels or
other optical configurations towards the sun.
Motorized space frames and kinematic systems
ensure motion dynamics and employ drive
technology and gearing principles to steer
optical configurations such as mangin, parabolic,
conic, or cassegrain solar energy collectors to
face the sun and follow the sun movement
contour continuously (seguimiento solar y
automatización, automatización seguidor solar,
tracking solar e automação, automação seguidor
solar, inseguimento solare, inseguitore solare,
energia termica, sole seguito, posizionatore
motorizzato) In harnessing power from the sun
through a solar tracker or practical solar
tracking system, renewable energy control
automation systems require automatic solar
tracking software and solar position algorithms
to accomplish dynamic motion control with
control automation architecture, circuit boards
and hardware. On-axis sun tracking system such
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as the altitude-azimuth dual axis or multi-axis
solar tracker systems use a sun tracking
algorithm or ray tracing sensors or software to
ensure the sun's passage through the sky is
traced with high precision in automated solar
tracker applications, right through summer
solstice, solar equinox and winter solstice. A
high precision sun position calculator or sun
position algorithm is this an important step in
the design and construction of an automatic
solar tracking system. The content of the book is
also applicable to communication antenna
satellite tracking and moon tracking algorithm
source code for which links to free download
links are provided. From sun tracing software
perspective, the sonnet Tracing The Sun has a
literal meaning. Within the context of sun track
and trace, this book explains that the sun's daily
path across the sky is directed by relatively
simple principles, and if grasped/understood,
then it is relatively easy to trace the sun with
sun following software. Sun position computer
calculation-of-sun-position-and-tracking-the-path-of-sun

software for tracing the sun are available as
open source code, sources that is listed in this
book. The book also describes the use of satellite
tracking software and mechanisms in solar
tracking applications. Ironically there was even
a system called sun chaser, said to have been a
solar positioner system known for chasing the
sun throughout the day. Using solar equations in
an electronic circuit for automatic solar tracking
is quite simple, even if you are a novice, but
mathematical solar equations are over
complicated by academic experts and professors
in text-books, journal articles and internet
websites. In terms of solar hobbies, scholars,
students and Hobbyist's looking at solar tracking
electronics or PC programs for solar tracking
are usually overcome by the sheer volume of
scientific material and internet resources, which
leaves many developers in frustration when
search for simple experimental solar tracking
source-code for their on-axis sun-tracking
systems. This booklet will simplify the search for
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the mystical sun tracking formulas for your sun
tracker innovation and help you develop your
own autonomous solar tracking controller. By
directing the solar collector directly into the sun,
a solar harvesting means or device can harness
sunlight or thermal heat. This is achieved with
the help of sun angle formulas, solar angle
formulas or solar tracking procedures for the
calculation of sun's position in the sky.
Automatic sun tracking system software includes
algorithms for solar altitude azimuth angle
calculations required in following the sun across
the sky. In using the longitude, latitude GPS
coordinates of the solar tracker location, these
sun tracking software tools supports precision
solar tracking by determining the solar altitudeazimuth coordinates for the sun trajectory in
altitude-azimuth tracking at the tracker location,
using certain sun angle formulas in sun vector
calculations. Instead of follow the sun software,
a sun tracking sensor such as a sun sensor or
webcam or video camera with vision based sun
calculation-of-sun-position-and-tracking-the-path-of-sun

following image processing software can also be
used to determine the position of the sun
optically. Such optical feedback devices are
often used in solar panel tracking systems and
dish tracking systems. Dynamic sun tracing is
also used in solar surveying, DNI analyser and
sun surveying systems that build solar
infographics maps with solar radiance,
irradiance and DNI models for GIS (geographical
information system). In this way geospatial
methods on solar/environment interaction makes
use use of geospatial technologies (GIS, Remote
Sensing, and Cartography). Climatic data and
weather station or weather center data, as well
as queries from sky servers and solar resource
database systems (i.e. on DB2, Sybase, Oracle,
SQL, MySQL) may also be associated with solar
GIS maps. In such solar resource modelling
systems, a pyranometer or solarimeter is
normally used in addition to measure direct and
indirect, scattered, dispersed, reflective
radiation for a particular geographical location.
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Sunlight analysis is important in flash
photography where photographic lighting are
important for photographers. GIS systems are
used by architects who add sun shadow applets
to study architectural shading or sun shadow
analysis, solar flux calculations, optical
modelling or to perform weather modelling.
Such systems often employ a computer operated
telescope type mechanism with ray tracing
program software as a solar navigator or sun
tracer that determines the solar position and
intensity. The purpose of this booklet is to assist
developers to track and trace suitable sourcecode and solar tracking algorithms for their
application, whether a hobbyist, scientist,
technician or engineer. Many open-source sun
following and tracking algorithms and sourcecode for solar tracking programs and modules
are freely available to download on the internet
today. Certain proprietary solar tracker kits and
solar tracking controllers include a software
development kit SDK for its application
calculation-of-sun-position-and-tracking-the-path-of-sun

programming interface API attributes (Pebble).
Widget libraries, widget toolkits, GUI toolkit and
UX libraries with graphical control elements are
also available to construct the graphical user
interface (GUI) for your solar tracking or solar
power monitoring program. The solar library
used by solar position calculators, solar
simulation software and solar contour
calculators include machine program code for
the solar hardware controller which are software
programmed into Micro-controllers,
Programmable Logic Controllers PLC,
programmable gate arrays, Arduino processor or
PIC processor. PC based solar tracking is also
high in demand using C++, Visual Basic VB, as
well as MS Windows, Linux and Apple Mac
based operating systems for sun path tables on
Matlab, Excel. Some books and internet
webpages use other terms, such as: sun angle
calculator, sun position calculator or solar angle
calculator. As said, such software code calculate
the solar azimuth angle, solar altitude angle,
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solar elevation angle or the solar Zenith angle
(Zenith solar angle is simply referenced from
vertical plane, the mirror of the elevation angle
measured from the horizontal or ground plane
level). Similar software code is also used in solar
calculator apps or the solar power calculator
apps for IOS and Android smartphone devices.
Most of these smartphone solar mobile apps
show the sun path and sun-angles for any
location and date over a 24 hour period. Some
smartphones include augmented reality features
in which you can physically see and look at the
solar path through your cell phone camera or
mobile phone camera at your phone's specific
GPS location. In the computer programming and
digital signal processing (DSP) environment,
(free/open source) program code are available
for VB, .Net, Delphi, Python, C, C+, C++, PHP,
Swift, ADM, F, Flash, Basic, QBasic, GBasic,
KBasic, SIMPL language, Squirrel, Solaris,
Assembly language on operating systems such
as MS Windows, Apple Mac, DOS or Linux OS.
calculation-of-sun-position-and-tracking-the-path-of-sun

Software algorithms predicting position of the
sun in the sky are commonly available as
graphical programming platforms such as
Matlab (Mathworks), Simulink models, Java
applets, TRNSYS simulations, Scada system
apps, Labview module, Beckhoff TwinCAT
(Visual Studio), Siemens SPA, mobile and iphone
apps, Android or iOS tablet apps, and so forth.
At the same time, PLC software code for a range
of sun tracking automation technology can
follow the profile of sun in sky for Siemens, HP,
Panasonic, ABB, Allan Bradley, OMRON, SEW,
Festo, Beckhoff, Rockwell, Schneider, Endress
Hauser, Fudji electric. Honeywell, Fuchs,
Yokonawa, or Muthibishi platforms. Sun path
projection software are also available for a range
of modular IPC embedded PC motherboards,
Industrial PC, PLC (Programmable Logic
Controller) and PAC (Programmable Automation
Controller) such as the Siemens S7-1200 or
Siemens Logo, Beckhoff IPC or CX series,
OMRON PLC, Ercam PLC, AC500plc ABB,
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National Instruments NI PXI or NI cRIO, PIC
processor, Intel 8051/8085, IBM (Cell, Power,
Brain or Truenorth series), FPGA (Xilinx Altera
Nios), Intel, Xeon, Atmel megaAVR, MPU,
Maple, Teensy, MSP, XMOS, Xbee, ARM,
Raspberry Pi, Eagle, Arduino or Arduino AtMega
microcontroller, with servo motor, stepper
motor, direct current DC pulse width modulation
PWM (current driver) or alternating current AC
SPS or IPC variable frequency drives VFD motor
drives (also termed adjustable-frequency drive,
variable-speed drive, AC drive, micro drive or
inverter drive) for electrical, mechatronic,
pneumatic, or hydraulic solar tracking actuators.
The above motion control and robot control
systems include analogue or digital interfacing
ports on the processors to allow for tracker
angle orientation feedback control through one
or a combination of angle sensor or angle
encoder, shaft encoder, precision encoder,
optical encoder, magnetic encoder, direction
encoder, rotational encoder, chip encoder, tilt
calculation-of-sun-position-and-tracking-the-path-of-sun

sensor, inclination sensor, or pitch sensor. Note
that the tracker's elevation or zenith axis angle
may measured using an altitude angle-,
declination angle-, inclination angle-, pitch
angle-, or vertical angle-, zenith angle- sensor or
inclinometer. Similarly the tracker's azimuth
axis angle be measured with a azimuth angle-,
horizontal angle-, or roll angle- sensor. Chip
integrated accelerometer magnetometer
gyroscope type angle sensors can also be used to
calculate displacement. Other options include
the use of thermal imaging systems such as a
Fluke thermal imager, or robotic or vision based
solar tracker systems that employ face tracking,
head tracking, hand tracking, eye tracking and
car tracking principles in solar tracking. With
unattended decentralised rural, island, isolated,
or autonomous off-grid power installations,
remote control, monitoring, data acquisition,
digital datalogging and online measurement and
verification equipment becomes crucial. It
assists the operator with supervisory control to
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monitor the efficiency of remote renewable
energy resources and systems and provide
valuable web-based feedback in terms of CO2
and clean development mechanism (CDM)
reporting. A power quality analyser for
diagnostics through internet, WiFi and cellular
mobile links is most valuable in frontline
troubleshooting and predictive maintenance,
where quick diagnostic analysis is required to
detect and prevent power quality issues. Solar
tracker applications cover a wide spectrum of
solar applications and solar assisted application,
including concentrated solar power generation,
solar desalination, solar water purification, solar
steam generation, solar electricity generation,
solar industrial process heat, solar thermal heat
storage, solar food dryers, solar water pumping,
hydrogen production from methane or producing
hydrogen and oxygen from water (HHO) through
electrolysis. Many patented or non-patented
solar apparatus include tracking in solar
apparatus for solar electric generator, solar
calculation-of-sun-position-and-tracking-the-path-of-sun

desalinator, solar steam engine, solar ice maker,
solar water purifier, solar cooling, solar
refrigeration, USB solar charger, solar phone
charging, portable solar charging tracker, solar
coffee brewing, solar cooking or solar dying
means. Your project may be the next
breakthrough or patent, but your invention is
held back by frustration in search for the sun
tracker you require for your solar powered
appliance, solar generator, solar tracker robot,
solar freezer, solar cooker, solar drier, solar
pump, solar freezer, or solar dryer project.
Whether your solar electronic circuit diagram
include a simplified solar controller design in a
solar electricity project, solar power kit, solar
hobby kit, solar steam generator, solar hot water
system, solar ice maker, solar desalinator,
hobbyist solar panels, hobby robot, or if you are
developing professional or hobby electronics for
a solar utility or micro scale solar powerplant for
your own solar farm or solar farming, this
publication may help accelerate the development
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of your solar tracking innovation. Lately, solar
polygeneration, solar trigeneration (solar triple
generation), and solar quad generation (adding
delivery of steam, liquid/gaseous fuel, or capture
food-grade CO$_2$) systems have need for
automatic solar tracking. These systems are
known for significant efficiency increases in
energy yield as a result of the integration and reuse of waste or residual heat and are suitable for
compact packaged micro solar powerplants that
could be manufactured and transported in kitform and operate on a plug-and play basis.
Typical hybrid solar power systems include
compact or packaged solar micro combined heat
and power (CHP or mCHP) or solar micro
combined, cooling, heating and power (CCHP,
CHPC, mCCHP, or mCHPC) systems used in
distributed power generation. These systems are
often combined in concentrated solar CSP and
CPV smart microgrid configurations for off-grid
rural, island or isolated microgrid, minigrid and
distributed power renewable energy systems.
calculation-of-sun-position-and-tracking-the-path-of-sun

Solar tracking algorithms are also used in
modelling of trigeneration systems using Matlab
Simulink (Modelica or TRNSYS) platform as well
as in automation and control of renewable
energy systems through intelligent parsing,
multi-objective, adaptive learning control and
control optimization strategies. Solar tracking
algorithms also find application in developing
solar models for country or location specific
solar studies, for example in terms of measuring
or analysis of the fluctuations of the solar
radiation (i.e. direct and diffuse radiation) in a
particular area. Solar DNI, solar irradiance and
atmospheric information and models can thus be
integrated into a solar map, solar atlas or
geographical information systems (GIS). Such
models allows for defining local parameters for
specific regions that may be valuable in terms of
the evaluation of different solar in photovoltaic
of CSP systems on simulation and synthesis
platforms such as Matlab and Simulink or in
linear or multi-objective optimization algorithm
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platforms such as COMPOSE, EnergyPLAN or
DER-CAM. A dual-axis solar tracker and singleaxis solar tracker may use a sun tracker
program or sun tracker algorithm to position a
solar dish, solar panel array, heliostat array, PV
panel, solar antenna or infrared solar nantenna.
A self-tracking solar concentrator performs
automatic solar tracking by computing the solar
vector. Solar position algorithms (TwinCAT, SPA,
or PSA Algorithms) use an astronomical
algorithm to calculate the position of the sun. It
uses astronomical software algorithms and
equations for solar tracking in the calculation of
sun's position in the sky for each location on the
earth at any time of day. Like an optical solar
telescope, the solar position algorithm pin-points
the solar reflector at the sun and locks onto the
sun's position to track the sun across the sky as
the sun progresses throughout the day. Optical
sensors such as photodiodes, light-dependantresistors (LDR) or photoresistors are used as
optical accuracy feedback devices. Lately we
calculation-of-sun-position-and-tracking-the-path-of-sun

also included a section in the book (with links to
microprocessor code) on how the PixArt Wii
infrared camera in the Wii remote or Wiimote
may be used in infrared solar tracking
applications. In order to harvest free energy
from the sun, some automatic solar positioning
systems use an optical means to direct the solar
tracking device. These solar tracking strategies
use optical tracking techniques, such as a sun
sensor means, to direct sun rays onto a silicon or
CMOS substrate to determine the X and Y
coordinates of the sun's position. In a solar
mems sun-sensor device, incident sunlight
enters the sun sensor through a small pin-hole in
a mask plate where light is exposed to a silicon
substrate. In a web-camera or camera image
processing sun tracking and sun following
means, object tracking software performs multi
object tracking or moving object tracking
methods. In an solar object tracking technique,
image processing software performs
mathematical processing to box the outline of
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the apparent solar disc or sun blob within the
captured image frame, while sun-localization is
performed with an edge detection algorithm to
determine the solar vector coordinates. An
automated positioning system help maximize the
yields of solar power plants through solar
tracking control to harness sun's energy. In such
renewable energy systems, the solar panel
positioning system uses a sun tracking
techniques and a solar angle calculator in
positioning PV panels in photovoltaic systems
and concentrated photovoltaic CPV systems.
Automatic on-axis solar tracking in a PV solar
tracking system can be dual-axis sun tracking or
single-axis sun solar tracking. It is known that a
motorized positioning system in a photovoltaic
panel tracker increase energy yield and ensures
increased power output, even in a single axis
solar tracking configuration. Other applications
such as robotic solar tracker or robotic solar
tracking system uses robotica with artificial
intelligence in the control optimization of energy
calculation-of-sun-position-and-tracking-the-path-of-sun

yield in solar harvesting through a robotic
tracking system. Automatic positioning systems
in solar tracking designs are also used in other
free energy generators, such as concentrated
solar thermal power CSP and dish Stirling
systems. The sun tracking device in a solar
collector in a solar concentrator or solar
collector Such a performs on-axis solar tracking,
a dual axis solar tracker assists to harness
energy from the sun through an optical solar
collector, which can be a parabolic mirror,
parabolic reflector, Fresnel lens or mirror
array/matrix. A parabolic dish or reflector is
dynamically steered using a transmission system
or solar tracking slew drive mean. In steering
the dish to face the sun, the power dish actuator
and actuation means in a parabolic dish system
optically focusses the sun's energy on the focal
point of a parabolic dish or solar concentrating
means. A Stirling engine, solar heat pipe,
thermosyphin, solar phase change material PCM
receiver, or a fibre optic sunlight receiver means
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is located at the focal point of the solar
concentrator. The dish Stirling engine
configuration is referred to as a dish Stirling
system or Stirling power generation system.
Hybrid solar power systems (used in
combination with biogas, biofuel, petrol, ethanol,
diesel, natural gas or PNG) use a combination of
power sources to harness and store solar energy
in a storage medium. Any multitude of energy
sources can be combined through the use of
controllers and the energy stored in batteries,
phase change material, thermal heat storage,
and in cogeneration form converted to the
required power using thermodynamic cycles
(organic Rankin, Brayton cycle, micro turbine,
Stirling) with an inverter and charge controller.
Artificial Intelligence and Evolutionary
Computations in Engineering Systems - S.
Chandramohan 2021-08-18
This book gathers selected papers presented at
the 6th International Conference on Artificial
Intelligence and Evolutionary Computations in
calculation-of-sun-position-and-tracking-the-path-of-sun

Engineering Systems, held at the Anna
University, Chennai, India, from 20 to 22 April
2020. It covers advances and recent
developments in various computational
intelligence techniques, with an emphasis on the
design of communication systems. In addition, it
shares valuable insights into advanced
computational methodologies such as neural
networks, fuzzy systems, evolutionary
algorithms, hybrid intelligent systems, uncertain
reasoning techniques, and other machine
learning methods and their application to
decision-making and problem-solving in mobile
and wireless communication networks.
Solar and Infrared Radiation Measurements,
Second Edition - Frank Vignola 2019-08-16
The rather specialized field of solar and infrared
radiation measurements has become
increasingly important due to the increased
demands by the renewable energy and climate
change research communities for data with
higher accuracy and increased temporal and
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spatial resolutions. Recent advances in
radiometry, measurement systems, and
information dissemination also have increased
the need for refreshing the literature available
for this topic. This book provides the reader with
an up-to-date review of the important aspects of
solar and infrared radiation measurements:
radiometer design; equipment installation,
operation, maintenance, and calibration; data
quality assessment parameters; and the
knowledge necessary to properly interpret and
apply the measured data to a variety of topics.
Each of the authors has more than 40 years of
experience with this subject, primarily as the
result of developing and operating multiple
measurement stations, working with the industry
to improve radiometry, and conducting various
research projects. The book’s scope and subject
matter have been designed to help a wide
audience gain a general understanding of this
subject and to serve as a technical reference. A
student new to the field will benefit from the
calculation-of-sun-position-and-tracking-the-path-of-sun

review of terminology and the historical
perspective for radiometry before addressing
more detailed topics in radiometry that we hope
will be of interest to the more experienced
reader.  Describes the strengths and
weaknesses of irradiance instruments  Provides
detailed information on how to assess
uncertainty in measurements  Offers
comprehensive background information needed
to understand the use of solar instrumentation 
Discusses design concepts for shadowband
radiometers, sky imagers, and satellite-based
estimates of solar irradiance at the Earth’s
surface  Includes chapter-end questions,
references, and useful links
Sun Tracking and Solar Renewable Energy
Harvesting - Gerro Prinsloo 2015-11-02
Free to download eBook on Practical Solar
Tracking Design, Solar Tracking, Sun Tracking,
Sun Tracker, Solar Tracker, Follow Sun, Sun
Position calculation (Azimuth, Elevation, Zenith),
Sun following, Sunrise, Sunset, Moon-phase,
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Moonrise, Moonset calculators. In harnessing
power from the sun through a solar tracker or
solar tracking system, renewable energy system
developers require automatic solar tracking
software and solar position algorithms. On-axis
sun tracking system such as the altitude-azimuth
dual axis or multi-axis solar tracker systems use
a sun tracking algorithm or ray tracing sensors
or software to ensure the sun's passage through
the sky is traced with high precision in
automated solar tracker applications, right
through summer solstice, solar equinox and
winter solstice. Eco Friendly and
Environmentally Sustainable Micro Combined
Solar Heat and Power (m-CHP, m-CCHP, mCHCP) with Microgrid Storage and Layered
Smartgrid Control towards Supplying Off-Grid
Rural Villages in developing BRICS countries
such as Africa, India, China and Brazil. Off-grid
rural villages and isolated islands areas require
mCHP and trigeneration solar power plants and
associated isolated smart microgrid solutions to
calculation-of-sun-position-and-tracking-the-path-of-sun

serve the community energy needs. This article
describes the development progress for such a
system, also referred to as solar polygeneration.
The system includes a sun tracker mechanism
wherin a parabolic dish or lenses are guided by a
light sensitive mechanique in a way that the
solar receiver is always at right angle to the
solar radiation. Solar thermal energy is then
either converted into electrical energy through a
free piston Stirling, or stored in a thermal
storage container. The project includes the
thermodynamic modeling of the plant in Matlab
Simulink as well as the development of an
intelligent control approach that includes smart
microgrid distribution and optimization. The
book includes aspects in the simulation and
optimization of stand-alone hybrid renewable
energy systems and co-generation in isolated or
islanded microgrids. It focusses on the stepwise
development of a hybrid solar driven micro
combined cooling heating and power (mCCHP)
compact trigeneration polygeneration and
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thermal energy storage (TES) system with
intelligent weather prediction, weak-ahead
scheduling (time horizon), and look-ahead
dispatch on integrated smart microgrid
distribution principles. The solar harvesting and
solar thermodynamic system includes an
automatic sun tracking platform based on a PLC
controlled mechatronic sun tracking system that
follows the sun progressing across the sky. An
intelligent energy management and adaptive
learning control optimization approach is
proposed for autonomous off-grid remote power
applications, both for thermodynamic
optimization and smart micro-grid optimization
for distributed energy resources (DER). The
correct resolution of this load-following multi
objective optimization problem is a complex task
because of the high number and multidimensional variables, the cross-correlation and
interdependency between the energy streams as
well as the non-linearity in the performance of
some of the system components. Exergy-based
calculation-of-sun-position-and-tracking-the-path-of-sun

control approaches for smartgrid topologies are
considered in terms of the intelligence behind
the safe and reliable operation of a microgrid in
an automated system that can manage energy
flow in electrical as well as thermal energy
systems. The standalone micro-grid solution
would be suitable for a rural village, intelligent
building, district energy system, campus power,
shopping mall centre, isolated network, eco
estate or remote island application setting where
self-generation and decentralized energy system
concepts play a role. Discrete digital simulation
models for the thermodynamic and active
demand side management systems with digital
smartgrid control unit to optimize the system
energy management is currently under
development. Parametric simulation models for
this trigeneration system (polygeneration,
poligeneration, quadgeneration) are developed
on the Matlab Simulink and TrnSys platforms. In
terms of model predictive coding strategies, the
automation controller will perform multi18/55
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objective cost optimization for energy
management on a microgrid level by managing
the generation and storage of electrical, heat
and cooling energies in layers. Each layer has its
own set of smart microgrid priorities associated
with user demand side cycle predictions. Mixed
Integer Linear Programming and Neural
network algorithms are being modeled to
perform Multi Objective Control optimization as
potential optimization and adaptive learning
techniques.
Mechatronic Systems in Engineering - Sahin
Yildirim 2017-05-03
This book can serve as a reference resource for
those very same design and control engineers
who help connect their everyday experience in
design with the control field of mechatronics.
This book also consists of basic and main
mechatronic system's laboratory applications for
use in research and development departments in
academia, government, and industry, and it can
be used as a reference source in university
calculation-of-sun-position-and-tracking-the-path-of-sun

libraries. It can also be used as a resource for
scholars interested in understanding and
explaining the engineering design and control
process and for engineering students studying
within the traditional structure of most
engineering departments and colleges. It is
evident that there is an expansion of
mechatronics laboratories and classes in the
university environment worldwide.
Renewable and Sustainable Energy II - Nan Qi
Ren 2012-05-14
This special collection contains selected papers
from the International Conference on Energy
and Environmental Protection (ICEEP 2012),
held on the 23rd and 24th June, 2012, in Hohhot,
China. The 590 peer-reviewed papers cover a
wide area and are divided into: Chapter 1:
Development and Utilization of Solar Energy;
Chapter 2: Development and Utilization of
Biomass Energy; Chapter 3: Development and
Utilization of Wind Energy; Chapter 4: Nuclear
Energy and other Energy Sources; Chapter 5:
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Energy Storage Technologies and Storage
Batteries; Chapter 6: Energy-Saving Technology;
Chapter 7: Hydrogen and Fuel Cells; Chapter 8:
Energy Materials, Engineering Materials and
Processing Technologies; Chapter 9: Energy
Chemical Engineering; Chapter 10: Energy
Security and Clean Use; Chapter 11: New
Energy, New Energy Vehicles, Electric Vehicles;
Chapter 12: Energy-Efficient Lighting Products
and Technologies; Chapter 13: Green Building
Materials and Energy-Saving Buildings
6th International Symposium of Space Optical
Instruments and Applications - H. Paul Urbach
2021-02-22
This proceedings volume contains selected and
expanded contributions presented at the 6th
International Symposium of Space Optical
Instruments and Applications, held in Delft, the
Netherlands on Sep 24th–25th, 2019. The
meeting was organized by the Sino-Holland
Space Optical Instruments Joint Laboratory and
supported by TU Delft. The symposium focused
calculation-of-sun-position-and-tracking-the-path-of-sun

on key innovations of space-based optical
instruments and applications, and the newest
developments in theory, technology and
applications in optics, in both China and Europe.
It thus provided a platform for exchanges on the
latest research and current and planned optical
missions. The major topics covered in these
conference proceedings are: space optical
remote sensing system design; advanced optical
system design and manufacturing; remote
sensor calibration and measurement; remote
sensing data processing and information
retrieval; and remote sensing data applications.
Solar Radiation Applications - Segun R. Bello
2015-05-06
Two essential components of solar energy which
are derivable from the sun-radiant light (passive
solar power) and heat (active solar powers) have
been harnessed for decades using a range of
continuously-evolving and cutting-edge
technologies. Such technologies include solar
heating, solar photovoltaics, solar thermal
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energy, solar architecture and photo emitters.
Recently, there has been active research in solar
energy resources due to improvements in solar
panel geometry, photo-cell materials, glazing
and panel orientation. Equally, more rigorous
methods of modeling inter-reflections within
curvilinear surfaces are now being evaluated for
simplified analytical evaluations. Therefore, this
book, Solar Radiation Applications, presents the
outcomes of selective and classic works on the
optimization of these essential fields in active
solar energy research.
Practical Solar Tracking Automatic Solar
Tracking Sun Tracking Автоматическое
удержание Солнечная слежения ВС 太陽能自動
跟踪太陽跟踪 - Gerro Prinsloo 2015-11-01
This book details Practical Solar Energy
Harvesting, Automatic Solar-Tracking, SunTracking-Systems, Solar-Trackers and Sun
Tracker Systems using motorized automatic
positioning concepts and control principles. An
intelligent automatic solar tracker is a device
calculation-of-sun-position-and-tracking-the-path-of-sun

that orients a payload toward the sun. Such
programmable computer based solar tracking
device includes principles of solar tracking, solar
tracking systems, as well as microcontroller,
microprocessor and/or PC based solar tracking
control to orientate solar reflectors, solar lenses,
photovoltaic panels or other optical
configurations towards the sun. Motorized space
frames and kinematic systems ensure motion
dynamics and employ drive technology and
gearing principles to steer optical configurations
such as mangin, parabolic, conic, or cassegrain
solar energy collectors to face the sun and follow
the sun movement contour continuously. In
general, the book may benefit solar research and
solar energy applications in countries such as
Africa, Mediterranean, Italy, Spain, Greece,
USA, Mexico, South America, Brazilia,
Argentina, Chili, India, Malaysia, Middle East,
UAE, Russia, Japan and China. This book on
practical automatic Solar-Tracking Sun-Tracking
is in .PDF format and can easily be converted to
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the .EPUB .MOBI .AZW .ePub .FB2 .LIT .LRF
.MOBI .PDB .PDF .TCR formats for smartphones
and Kindle by using the ebook.onlineconvert.com facility. The content of the book is
also applicable to communication antenna
satellite tracking and moon tracking algorithm
source code for which links to free download
links are provided. In harnessing power from the
sun through a solar tracker or practical solar
tracking system, renewable energy control
automation systems require automatic solar
tracking software and solar position algorithms
to accomplish dynamic motion control with
control automation architecture, circuit boards
and hardware. On-axis sun tracking system such
as the altitude-azimuth dual axis or multi-axis
solar tracker systems use a sun tracking
algorithm or ray tracing sensors or software to
ensure the sun's passage through the sky is
traced with high precision in automated solar
tracker applications, right through summer
solstice, solar equinox and winter solstice. A
calculation-of-sun-position-and-tracking-the-path-of-sun

high precision sun position calculator or sun
position algorithm is this an important step in
the design and construction of an automatic
solar tracking system. From sun tracing
software perspective, the sonnet Tracing The
Sun has a literal meaning. Within the context of
sun track and trace, this book explains that the
sun's daily path across the sky is directed by
relatively simple principles, and if
grasped/understood, then it is relatively easy to
trace the sun with sun following software. Sun
position computer software for tracing the sun
are available as open source code, sources that
is listed in this book. Ironically there was even a
system called sun chaser, said to have been a
solar positioner system known for chasing the
sun throughout the day. Using solar equations in
an electronic circuit for automatic solar tracking
is quite simple, even if you are a novice, but
mathematical solar equations are over
complicated by academic experts and professors
in text-books, journal articles and internet
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websites. In terms of solar hobbies, scholars,
students and Hobbyist's looking at solar tracking
electronics or PC programs for solar tracking
are usually overcome by the sheer volume of
scientific material and internet resources, which
leaves many developers in frustration when
search for simple experimental solar tracking
source-code for their on-axis sun-tracking
systems. This booklet will simplify the search for
the mystical sun tracking formulas for your sun
tracker innovation and help you develop your
own autonomous solar tracking controller. By
directing the solar collector directly into the sun,
a solar harvesting means or device can harness
sunlight or thermal heat. This is achieved with
the help of sun angle formulas, solar angle
formulas or solar tracking procedures for the
calculation of sun's position in the sky.
Automatic sun tracking system software includes
algorithms for solar altitude azimuth angle
calculations required in following the sun across
the sky. In using the longitude, latitude GPS
calculation-of-sun-position-and-tracking-the-path-of-sun

coordinates of the solar tracker location, these
sun tracking software tools supports precision
solar tracking by determining the solar altitudeazimuth coordinates for the sun trajectory in
altitude-azimuth tracking at the tracker location,
using certain sun angle formulas in sun vector
calculations. Instead of follow the sun software,
a sun tracking sensor such as a sun sensor or
webcam or video camera with vision based sun
following image processing software can also be
used to determine the position of the sun
optically. Such optical feedback devices are
often used in solar panel tracking systems and
dish tracking systems. Dynamic sun tracing is
also used in solar surveying, DNI analyser and
sun surveying systems that build solar
infographics maps with solar radiance,
irradiance and DNI models for GIS (geographical
information system). In this way geospatial
methods on solar/environment interaction makes
use use of geospatial technologies (GIS, Remote
Sensing, and Cartography). Climatic data and
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weather station or weather center data, as well
as queries from sky servers and solar resource
database systems (i.e. on DB2, Sybase, Oracle,
SQL, MySQL) may also be associated with solar
GIS maps. In such solar resource modelling
systems, a pyranometer or solarimeter is
normally used in addition to measure direct and
indirect, scattered, dispersed, reflective
radiation for a particular geographical location.
Sunlight analysis is important in flash
photography where photographic lighting are
important for photographers. GIS systems are
used by architects who add sun shadow applets
to study architectural shading or sun shadow
analysis, solar flux calculations, optical
modelling or to perform weather modelling.
Such systems often employ a computer operated
telescope type mechanism with ray tracing
program software as a solar navigator or sun
tracer that determines the solar position and
intensity. The purpose of this booklet is to assist
developers to track and trace suitable sourcecalculation-of-sun-position-and-tracking-the-path-of-sun

code and solar tracking algorithms for their
application, whether a hobbyist, scientist,
technician or engineer. Many open-source sun
following and tracking algorithms and sourcecode for solar tracking programs and modules
are freely available to download on the internet
today. Certain proprietary solar tracker kits and
solar tracking controllers include a software
development kit SDK for its application
programming interface API attributes (Pebble).
Widget libraries, widget toolkits, GUI toolkit and
UX libraries with graphical control elements are
also available to construct the graphical user
interface (GUI) for your solar tracking or solar
power monitoring program. The solar library
used by solar position calculators, solar
simulation software and solar contour
calculators include machine program code for
the solar hardware controller which are software
programmed into Micro-controllers,
Programmable Logic Controllers PLC,
programmable gate arrays, Arduino processor or
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PIC processor. PC based solar tracking is also
high in demand using C++, Visual Basic VB, as
well as MS Windows, Linux and Apple Mac
based operating systems for sun path tables on
Matlab, Excel. Some books and internet
webpages use other terms, such as: sun angle
calculator, sun position calculator or solar angle
calculator. As said, such software code calculate
the solar azimuth angle, solar altitude angle,
solar elevation angle or the solar Zenith angle
(Zenith solar angle is simply referenced from
vertical plane, the mirror of the elevation angle
measured from the horizontal or ground plane
level). Similar software code is also used in solar
calculator apps or the solar power calculator
apps for IOS and Android smartphone devices.
Most of these smartphone solar mobile apps
show the sun path and sun-angles for any
location and date over a 24 hour period. Some
smartphones include augmented reality features
in which you can physically see and look at the
solar path through your cell phone camera or
calculation-of-sun-position-and-tracking-the-path-of-sun

mobile phone camera at your phone's specific
GPS location. In the computer programming and
digital signal processing (DSP) environment,
(free/open source) program code are available
for VB, .Net, Delphi, Python, C, C+, C++, PHP,
Swift, ADM, F, Flash, Basic, QBasic, GBasic,
KBasic, SIMPL language, Squirrel, Solaris,
Assembly language on operating systems such
as MS Windows, Apple Mac, DOS or Linux OS.
Software algorithms predicting position of the
sun in the sky are commonly available as
graphical programming platforms such as
Matlab (Mathworks), Simulink models, Java
applets, TRNSYS simulations, Scada system
apps, Labview module, Beckhoff TwinCAT
(Visual Studio), Siemens SPA, mobile and iphone
apps, Android or iOS tablet apps, and so forth.
At the same time, PLC software code for a range
of sun tracking automation technology can
follow the profile of sun in sky for Siemens, HP,
Panasonic, ABB, Allan Bradley, OMRON, SEW,
Festo, Beckhoff, Rockwell, Schneider, Endress
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Hauser, Fudji electric. Honeywell, Fuchs,
Yokonawa, or Muthibishi platforms. Sun path
projection software are also available for a range
of modular IPC embedded PC motherboards,
Industrial PC, PLC (Programmable Logic
Controller) and PAC (Programmable Automation
Controller) such as the Siemens S7-1200 or
Siemens Logo, Beckhoff IPC or CX series,
OMRON PLC, Ercam PLC, AC500plc ABB,
National Instruments NI PXI or NI cRIO, PIC
processor, Intel 8051/8085, IBM (Cell, Power,
Brain or Truenorth series), FPGA (Xilinx Altera
Nios), Intel, Xeon, Atmel megaAVR, MPU,
Maple, Teensy, MSP, XMOS, Xbee, ARM,
Raspberry Pi, Eagle, Arduino or Arduino AtMega
microcontroller, with servo motor, stepper
motor, direct current DC pulse width modulation
PWM (current driver) or alternating current AC
SPS or IPC variable frequency drives VFD motor
drives (also termed adjustable-frequency drive,
variable-speed drive, AC drive, micro drive or
inverter drive) for electrical, mechatronic,
calculation-of-sun-position-and-tracking-the-path-of-sun

pneumatic, or hydraulic solar tracking actuators.
The above motion control and robot control
systems include analogue or digital interfacing
ports on the processors to allow for tracker
angle orientation feedback control through one
or a combination of angle sensor or angle
encoder, shaft encoder, precision encoder,
optical encoder, magnetic encoder, direction
encoder, rotational encoder, chip encoder, tilt
sensor, inclination sensor, or pitch sensor. Note
that the tracker's elevation or zenith axis angle
may measured using an altitude angle-,
declination angle-, inclination angle-, pitch
angle-, or vertical angle-, zenith angle- sensor or
inclinometer. Similarly the tracker's azimuth
axis angle be measured with a azimuth angle-,
horizontal angle-, or roll angle- sensor. Chip
integrated accelerometer magnetometer
gyroscope type angle sensors can also be used to
calculate displacement. Other options include
the use of thermal imaging systems such as a
Fluke thermal imager, or robotic or vision based
26/55

Downloaded from
wedgefitting.clevelandgolf.com on by
guest

solar tracker systems that employ face tracking,
head tracking, hand tracking, eye tracking and
car tracking principles in solar tracking. With
unattended decentralised rural, island, isolated,
or autonomous off-grid power installations,
remote control, monitoring, data acquisition,
digital datalogging and online measurement and
verification equipment becomes crucial. It
assists the operator with supervisory control to
monitor the efficiency of remote renewable
energy resources and systems and provide
valuable web-based feedback in terms of CO2
and clean development mechanism (CDM)
reporting. A power quality analyser for
diagnostics through internet, WiFi and cellular
mobile links is most valuable in frontline
troubleshooting and predictive maintenance,
where quick diagnostic analysis is required to
detect and prevent power quality issues. Solar
tracker applications cover a wide spectrum of
solar applications and solar assisted application,
including concentrated solar power generation,
calculation-of-sun-position-and-tracking-the-path-of-sun

solar desalination, solar water purification, solar
steam generation, solar electricity generation,
solar industrial process heat, solar thermal heat
storage, solar food dryers, solar water pumping,
hydrogen production from methane or producing
hydrogen and oxygen from water (HHO) through
electrolysis. Many patented or non-patented
solar apparatus include tracking in solar
apparatus for solar electric generator, solar
desalinator, solar steam engine, solar ice maker,
solar water purifier, solar cooling, solar
refrigeration, USB solar charger, solar phone
charging, portable solar charging tracker, solar
coffee brewing, solar cooking or solar dying
means. Your project may be the next
breakthrough or patent, but your invention is
held back by frustration in search for the sun
tracker you require for your solar powered
appliance, solar generator, solar tracker robot,
solar freezer, solar cooker, solar drier, solar
pump, solar freezer, or solar dryer project.
Whether your solar electronic circuit diagram
27/55

Downloaded from
wedgefitting.clevelandgolf.com on by
guest

include a simplified solar controller design in a
solar electricity project, solar power kit, solar
hobby kit, solar steam generator, solar hot water
system, solar ice maker, solar desalinator,
hobbyist solar panels, hobby robot, or if you are
developing professional or hobby electronics for
a solar utility or micro scale solar powerplant for
your own solar farm or solar farming, this
publication may help accelerate the development
of your solar tracking innovation. Lately, solar
polygeneration, solar trigeneration (solar triple
generation), and solar quad generation (adding
delivery of steam, liquid/gaseous fuel, or capture
food-grade CO$_2$) systems have need for
automatic solar tracking. These systems are
known for significant efficiency increases in
energy yield as a result of the integration and reuse of waste or residual heat and are suitable for
compact packaged micro solar powerplants that
could be manufactured and transported in kitform and operate on a plug-and play basis.
Typical hybrid solar power systems include
calculation-of-sun-position-and-tracking-the-path-of-sun

compact or packaged solar micro combined heat
and power (CHP or mCHP) or solar micro
combined, cooling, heating and power (CCHP,
CHPC, mCCHP, or mCHPC) systems used in
distributed power generation. These systems are
often combined in concentrated solar CSP and
CPV smart microgrid configurations for off-grid
rural, island or isolated microgrid, minigrid and
distributed power renewable energy systems.
Solar tracking algorithms are also used in
modelling of trigeneration systems using Matlab
Simulink (Modelica or TRNSYS) platform as well
as in automation and control of renewable
energy systems through intelligent parsing,
multi-objective, adaptive learning control and
control optimization strategies. Solar tracking
algorithms also find application in developing
solar models for country or location specific
solar studies, for example in terms of measuring
or analysis of the fluctuations of the solar
radiation (i.e. direct and diffuse radiation) in a
particular area. Solar DNI, solar irradiance and
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atmospheric information and models can thus be
integrated into a solar map, solar atlas or
geographical information systems (GIS). Such
models allows for defining local parameters for
specific regions that may be valuable in terms of
the evaluation of different solar in photovoltaic
of CSP systems on simulation and synthesis
platforms such as Matlab and Simulink or in
linear or multi-objective optimization algorithm
platforms such as COMPOSE, EnergyPLAN or
DER-CAM. A dual-axis solar tracker and singleaxis solar tracker may use a sun tracker
program or sun tracker algorithm to position a
solar dish, solar panel array, heliostat array, PV
panel, solar antenna or infrared solar nantenna.
A self-tracking solar concentrator performs
automatic solar tracking by computing the solar
vector. Solar position algorithms (TwinCAT, SPA,
or PSA Algorithms) use an astronomical
algorithm to calculate the position of the sun. It
uses astronomical software algorithms and
equations for solar tracking in the calculation of
calculation-of-sun-position-and-tracking-the-path-of-sun

sun's position in the sky for each location on the
earth at any time of day. Like an optical solar
telescope, the solar position algorithm pin-points
the solar reflector at the sun and locks onto the
sun's position to track the sun across the sky as
the sun progresses throughout the day. Optical
sensors such as photodiodes, light-dependantresistors (LDR) or photoresistors are used as
optical accuracy feedback devices. Lately we
also included a section in the book (with links to
microprocessor code) on how the PixArt Wii
infrared camera in the Wii remote or Wiimote
may be used in infrared solar tracking
applications. In order to harvest free energy
from the sun, some automatic solar positioning
systems use an optical means to direct the solar
tracking device. These solar tracking strategies
use optical tracking techniques, such as a sun
sensor means, to direct sun rays onto a silicon or
CMOS substrate to determine the X and Y
coordinates of the sun's position. In a solar
mems sun-sensor device, incident sunlight
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enters the sun sensor through a small pin-hole in
a mask plate where light is exposed to a silicon
substrate. In a web-camera or camera image
processing sun tracking and sun following
means, object tracking software performs multi
object tracking or moving object tracking
methods. In an solar object tracking technique,
image processing software performs
mathematical processing to box the outline of
the apparent solar disc or sun blob within the
captured image frame, while sun-localization is
performed with an edge detection algorithm to
determine the solar vector coordinates. An
automated positioning system help maximize the
yields of solar power plants through solar
tracking control to harness sun's energy. In such
renewable energy systems, the solar panel
positioning system uses a sun tracking
techniques and a solar angle calculator in
positioning PV panels in photovoltaic systems
and concentrated photovoltaic CPV systems.
Automatic on-axis solar tracking in a PV solar
calculation-of-sun-position-and-tracking-the-path-of-sun

tracking system can be dual-axis sun tracking or
single-axis sun solar tracking. It is known that a
motorized positioning system in a photovoltaic
panel tracker increase energy yield and ensures
increased power output, even in a single axis
solar tracking configuration. Other applications
such as robotic solar tracker or robotic solar
tracking system uses robotica with artificial
intelligence in the control optimization of energy
yield in solar harvesting through a robotic
tracking system. Automatic positioning systems
in solar tracking designs are also used in other
free energy generators, such as concentrated
solar thermal power CSP and dish Stirling
systems. The sun tracking device in a solar
collector in a solar concentrator or solar
collector Such a performs on-axis solar tracking,
a dual axis solar tracker assists to harness
energy from the sun through an optical solar
collector, which can be a parabolic mirror,
parabolic reflector, Fresnel lens or mirror
array/matrix. A parabolic dish or reflector is
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dynamically steered using a transmission system
or solar tracking slew drive mean. In steering
the dish to face the sun, the power dish actuator
and actuation means in a parabolic dish system
optically focusses the sun's energy on the focal
point of a parabolic dish or solar concentrating
means. A Stirling engine, solar heat pipe,
thermosyphin, solar phase change material PCM
receiver, or a fibre optic sunlight receiver means
is located at the focal point of the solar
concentrator. The dish Stirling engine
configuration is referred to as a dish Stirling
system or Stirling power generation system.
Hybrid solar power systems (used in
combination with biogas, biofuel, petrol, ethanol,
diesel, natural gas or PNG) use a combination of
power sources to harness and store solar energy
in a storage medium. Any multitude of energy
sources can be combined through the use of
controllers and the energy stored in batteries,
phase change material, thermal heat storage,
and in cogeneration form converted to the
calculation-of-sun-position-and-tracking-the-path-of-sun

required power using thermodynamic cycles
(organic Rankin, Brayton cycle, micro turbine,
Stirling) with an inverter and charge controller.
В этой книге подробно Автоматическая SolarTracking, ВС-Tracking-Systems, Solar-трекеры
и ВС Tracker Systems. Интеллектуальный
автоматический солнечной слежения
является устройством, которое ориентирует
полезную нагрузку к солнцу. Такое
программируемый компьютер на основе
солнечной устройство слежения включает
принципы солнечной слежения, солнечных
систем слежения, а также микроконтроллер,
микропроцессор и / или ПК на базе
управления солнечной отслеживания
ориентироваться солнечных отражателей,
солнечные линзы, фотоэлектрические панели
или другие оптические конфигурации к ВС
Моторизованные космические кадры и
кинематические системы обеспечения
динамики движения и использовать
приводной техники и готовится принципы,
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чтобы направить оптические конфигурации,
такие как Манжен, параболических,
конических или Кассегрена солнечных
коллекторов энергии, чтобы лицом к солнцу и
следовать за солнцем контур движения
непрерывно. В обуздывать силу от солнца
через солнечный трекер или практической
солнечной системы слежения, системы
возобновляемых контроля энергии
автоматизации требуют автоматического
солнечной отслеживания программного
обеспечения и алгоритмов солнечные
позиции для достижения динамического
контроля движения с архитектуры
автоматизации управления, печатных плат и
аппаратных средств. На оси системы
слежения ВС, таких как высота-азимут
двойной оси или многоосевые солнечные
системы трекер использовать алгоритм
отслеживания солнце или трассировки лучей
датчиков или программное обеспечение,
чтобы обеспечить прохождение солнца по
calculation-of-sun-position-and-tracking-the-path-of-sun

небу прослеживается с высокой точностью в
автоматизированных приложений Солнечная
Tracker , прямо через летнего солнцестояния,
солнечного равноденствия и зимнего
солнцестояния.Высокая точность позиции ВС
калькулятор или положение солнца алгоритм
это важный шаг в проектировании и
строительстве автоматической системой
солнечной слежения. 這本書詳細介紹了全自動太陽能跟踪，太陽跟踪
系統的出現，太陽能跟踪器和太陽跟踪系統。智能全自動太陽能跟踪器是定向向著太陽的有效
載荷設備。這種可編程計算機的太陽能跟踪裝置，包括太陽跟踪，太陽能跟踪系統，以及微控
制器，微處理器和/或基於PC機的太陽跟踪控制，以定向太陽能反射器，太陽透鏡，光電板
或其他光學配置朝向太陽的原理。機動空間框架和運動系統，確保運動動力學和採用的驅動技
術和傳動原理引導光學配置，如曼金，拋物線，圓錐曲線，或卡塞格林式太陽能集熱器面向太
陽，不斷跟隨太陽運動的輪廓。 從陽光透過太陽能跟踪器或實用的太陽能跟踪系統利用電力，
可再生能源控制的自動化系統需要自動太陽跟踪軟件和太陽位置算法來實現控制與自動化架構，
電路板和硬件的動態運動控制。上軸太陽跟踪系統，如高度，方位角雙軸或多軸太陽跟踪系統
使用太陽跟踪算法或光線追踪傳感器或軟件，以確保通過天空中太陽的通道被跟踪的高精度的
自動太陽跟踪器的應用，通過正確的夏至，春分太陽和冬至。一種高精度太陽位置計算器或太
陽位置算法是這樣的自動太陽能跟踪系統的設計和施工中的重要一步。
Sun Tracker, Automatic Solar- Tracking, SunTracking Systems, Solar Trackers and Automatic
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Sun Tracker Systems 太陽能跟踪 Солнечная
слежения - Gerro Prinsloo 2014-10-12
This book details Solar-Tracking, Automatic SunTracking-Systems and Solar-Trackers. Book and
literature review is ideal for sun and moon
tracking in solar applications for sun-rich
countries such as the USA, Spain, Portugal,
Mediterranean, Italy, Greece, Mexico, Portugal,
China, India, Brazil, Chili, Argentina, South
America, UAE, Saudi Arabia, Middle East, Iran,
Iraq, etc. A solar tracker is a device that orients
a payload toward the sun. Like a satellite tracker
or moon tracker, it tracks the celestial object in
the sky on its orbital path of apparent
movement. A programmable computer based
solar tracking device includes principles of solar
tracking, solar tracking systems, as well as
microcontroller, microprocessor and/or PC
based solar tracking control to orientate solar
reflectors, solar lenses, photovoltaic panels or
other optical configurations towards the sun.
Motorized space frames and kinematic systems
calculation-of-sun-position-and-tracking-the-path-of-sun

ensure motion dynamics and employ drive
technology and gearing principles to steer
optical configurations such as mangin, parabolic,
conic, or cassegrain solar energy collectors to
face the sun and follow the sun movement
contour continuously. In harnessing power from
the sun through a solar tracker or practical solar
tracking system, renewable energy control
automation systems require automatic solar
tracking software and solar position algorithms
to accomplish dynamic motion control with
control automation architecture, circuit boards
and hardware. On-axis sun tracking system such
as the altitude-azimuth dual axis or multi-axis
solar tracker systems use a sun tracking
algorithm or ray tracing sensors or software to
ensure the sun's passage through the sky is
traced with high precision in automated solar
tracker applications, right through summer
solstice, solar equinox and winter solstice. From
sun tracing software perspective, the sonnet
Tracing The Sun has a literal meaning. Within
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the context of sun track and trace, this book
explains that the sun's daily path across the sky
is directed by relatively simple principles, and if
grasped/understood, then it is relatively easy to
trace the sun with sun following software. Sun
position computer software for tracing the sun
are available as open source code, sources that
is listed in this book. Ironically there was even a
system called sun chaser, said to have been a
solar positioner system known for chasing the
sun throughout the day. Using solar equations in
an electronic circuit for solar tracking is quite
simple, even if you are a novice, but
mathematical solar equations are over
complicated by academic experts and professors
in text-books, journal articles and internet
websites. In terms of solar hobbies, scholars,
students and Hobbyist's looking at solar tracking
electronics or PC programs for solar tracking
are usually overcome by the sheer volume of
scientific material and internet resources, which
leaves many developers in frustration when
calculation-of-sun-position-and-tracking-the-path-of-sun

search for simple experimental solar tracking
source-code for their on-axis sun-tracking
systems. This booklet will simplify the search for
the mystical sun tracking formulas for your sun
tracker innovation and help you develop your
own autonomous solar tracking controller. By
directing the solar collector directly into the sun,
a solar harvesting means or device can harness
sunlight or thermal heat. This is achieved with
the help of sun angle formulas, solar angle
formulas or solar tracking procedures for the
calculation of sun's position in the sky.
Automatic sun tracking system software includes
algorithms for solar altitude azimuth angle
calculations required in following the sun across
the sky. In using the longitude, latitude GPS
coordinates of the solar tracker location, these
sun tracking software tools supports precision
solar tracking by determining the solar altitudeazimuth coordinates for the sun trajectory in
altitude-azimuth tracking at the tracker location,
using certain sun angle formulas in sun vector
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calculations. Instead of follow the sun software,
a sun tracking sensor such as a sun sensor or
webcam or video camera with vision based sun
following image processing software can also be
used to determine the position of the sun
optically. Such optical feedback devices are
often used in solar panel tracking systems and
dish tracking systems. Dynamic sun tracing is
also used in solar surveying, DNI analyser and
sun surveying systems that build solar
infographics maps with solar radiance,
irradiance and DNI models for GIS (geographical
information system). In this way geospatial
methods on solar/environment interaction makes
use use of geospatial technologies (GIS, Remote
Sensing, and Cartography).Climatic data and
weather station or weather center data, as well
as queries from sky servers and solar resource
database systems (i.e. on DB2, Sybase, Oracle,
SQL, MySQL) may also be associated with solar
GIS maps. In such solar resource modelling
systems, a pyranometer or solarimeter is
calculation-of-sun-position-and-tracking-the-path-of-sun

normally used in addition to measure direct and
indirect, scattered, dispersed, reflective
radiation for a particular geographical location.
Sunlight analysis is important in flash
photography where photographic lighting are
important for photographers. GIS systems are
used by architects who add sun shadow applets
to study architectural shading or sun shadow
analysis, solar flux calculations, optical
modelling or to perform weather modelling.
Such systems often employ a computer operated
telescope type mechanism with ray tracing
program software as a solar navigator or sun
tracer that determines the solar position and
intensity. The purpose of this booklet is to assist
developers to track and trace suitable sourcecode and solar tracking algorithms for their
application, whether a hobbyist, scientist,
technician or engineer. Many open-source sun
following and tracking algorithms and sourcecode for solar tracking programs and modules
are freely available to download on the internet
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today. Certain proprietary solar tracker kits and
solar tracking controllers include a software
development kit SDK for its application
programming interface API attributes (Pebble).
Widget libraries, widget toolkits, GUI toolkit and
UX libraries with graphical control elements are
also available to construct the graphical user
interface (GUI) for your solar tracking or solar
power monitoring program. The solar library
used by solar position calculators, solar
simulation software and solar contour
calculators include machine program code for
the solar hardware controller which are software
programmed into Micro-controllers,
Programmable Logic Controllers PLC,
programmable gate arrays, Arduino processor or
PIC processor. PC based solar tracking is also
high in demand using C++, Visual Basic VB, as
well as MS Windows, Linux and Apple Mac
based operating systems for sun path tables on
Matlab, Excel. Some books and internet
webpages use other terms, such as: sun angle
calculation-of-sun-position-and-tracking-the-path-of-sun

calculator, sun position calculator or solar angle
calculator. As said, such software code calculate
the solar azimuth angle, solar altitude angle,
solar elevation angle or the solar Zenith angle
(Zenith solar angle is simply referenced from
vertical plane, the mirror of the elevation angle
measured from the horizontal or ground plane
level). Similar software code is also used in solar
calculator apps or the solar power calculator
apps for IOS and Android smartphone devices.
Most of these smartphone solar mobile apps
show the sun path and sun-angles for any
location and date over a 24 hour period. Some
smartphones include augmented reality features
in which you can physically see and look at the
solar path through your cell phone camera or
mobile phone camera at your phone's specific
GPS location. In the computer programming and
digital signal processing (DSP) environment,
(free/open source) program code are available
for VB, .Net, Delphi, Python, C, C+, C++, Swift,
ADM, F, Flash, Basic, QBasic, GBasic, KBasic,
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SIMPL language, Squirrel, Solaris, Assembly
language on operating systems such as MS
Windows, Apple Mac, DOS or Linux OS.
Software algorithms predicting position of the
sun in the sky are commonly available as
graphical programming platforms such as
Matlab (Mathworks), Simulink models, Java
applets, TRNSYS simulations, Scada system
apps, Labview module, Beckhoff TwinCAT
(Visual Studio), Siemens SPA, mobile and iphone
apps, Android or iOS tablet apps, and so forth.
At the same time, PLC software code for a range
of sun tracking automation technology can
follow the profile of sun in sky for Siemens, HP,
Panasonic, ABB, Allan Bradley, OMRON, SEW,
Festo, Beckhoff, Rockwell, Schneider, Endress
Hauser, Fudji electric. Honeywell, Fuchs,
Yokonawa, or Muthibishi platforms. Sun path
projection software are also available for a range
of modular IPC embedded PC motherboards,
Industrial PC, PLC (Programmable Logic
Controller) and PAC (Programmable Automation
calculation-of-sun-position-and-tracking-the-path-of-sun

Controller) such as the Siemens S7-1200 or
Siemens Logo, Beckhoff IPC or CX series,
OMRON PLC, Ercam PLC, AC500plc ABB,
National Instruments NI PXI or NI cRIO, PIC
processor, Intel 8051/8085, IBM (Cell, Power,
Brain or Truenorth series), FPGA (Xilinx Altera
Nios), Xeon, Atmel megaAVR, or Arduino
AtMega microcontroller, with servo motor,
stepper motor, direct current DC pulse width
modulation PWM (current driver) or alternating
current AC SPS or IPC variable frequency drives
VFD motor drives (also termed adjustablefrequency drive, variable-speed drive, AC drive,
micro drive or inverter drive) for electrical,
mechatronic, pneumatic, or hydraulic solar
tracking actuators. The above motion control
and robot control systems include analogue or
digital interfacing ports on the processors to
allow for tracker angle orientation feedback
control through one or a combination of angle
sensor or angle encoder, shaft encoder,
precision encoder, optical encoder, magnetic
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encoder, direction encoder, rotational encoder,
chip encoder, tilt sensor, inclination sensor, or
pitch sensor. Note that the tracker's elevation or
zenith axis angle may measured using an
altitude angle-, declination angle-, inclination
angle-, pitch angle-, or vertical angle-, zenith
angle- sensor or inclinometer. Similarly the
tracker's azimuth axis angle be measured with a
azimuth angle-, horizontal angle-, or roll anglesensor. Chip integrated accelerometer
magnetometer gyroscope type angle sensors can
also be used to calculate displacement. Other
options include the use of thermal imaging
systems such as a Fluke thermal imager, or
robotic or vision based solar tracker systems
that employ face tracking, head tracking, hand
tracking, eye tracking and car tracking
principles in solar tracking. With unattended
decentralised rural, island, isolated, or
autonomous off-grid power installations, remote
control, monitoring, data acquisition, digital
datalogging and online measurement and
calculation-of-sun-position-and-tracking-the-path-of-sun

verification equipment becomes crucial. It
assists the operator with supervisory control to
monitor the efficiency of remote renewable
energy resources and systems and provide
valuable web-based feedback in terms of CO2
and clean development mechanism (CDM)
reporting. A power quality analyser for
diagnostics through internet, WiFi and cellular
mobile links is most valuable in frontline
troubleshooting and predictive maintenance,
where quick diagnostic analysis is required to
detect and prevent power quality issues. Solar
tracker applications cover a wide spectrum of
solar energy and concentrated solar devices,
including solar power generation, solar
desalination, solar water purification, solar
steam generation, solar electricity generation,
solar industrial process heat, solar thermal heat
storage, solar food dryers, solar water pumping,
hydrogen production from methane or producing
hydrogen and oxygen from water (HHO) through
electrolysis. Many patented or non-patented
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solar apparatus include tracking in solar
apparatus for solar electric generator, solar
desalinator, solar steam engine, solar ice maker,
solar water purifier, solar cooling, solar
refrigeration, USB solar charger, solar phone
charging, portable solar charging tracker, solar
coffee brewing, solar cooking or solar dying
means. Your project may be the next
breakthrough or patent, but your invention is
held back by frustration in search for the sun
tracker you require for your solar powered
appliance, solar generator, solar tracker robot,
solar freezer, solar cooker, solar drier, solar
pump, solar freezer, or solar dryer project.
Whether your solar electronic circuit diagram
include a simplified solar controller design in a
solar electricity project, solar power kit, solar
hobby kit, solar steam generator, solar hot water
system, solar ice maker, solar desalinator,
hobbyist solar panels, hobby robot, or if you are
developing professional or hobby electronics for
a solar utility or micro scale solar powerplant for
calculation-of-sun-position-and-tracking-the-path-of-sun

your own solar farm or solar farming, this
publication may help accelerate the development
of your solar tracking innovation. Lately, solar
polygeneration, solar trigeneration (solar triple
generation), and solar quad generation (adding
delivery of steam, liquid/gaseous fuel, or capture
food-grade CO$_2$) systems have need for
automatic solar tracking. These systems are
known for significant efficiency increases in
energy yield as a result of the integration and reuse of waste or residual heat and are suitable for
compact packaged micro solar powerplants that
could be manufactured and transported in kitform and operate on a plug-and play basis.
Typical hybrid solar power systems include
compact or packaged solar micro combined heat
and power (CHP or mCHP) or solar micro
combined, cooling, heating and power (CCHP,
CHPC, mCCHP, or mCHPC) systems used in
distributed power generation. These systems are
often combined in concentrated solar CSP and
CPV smart microgrid configurations for off-grid
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rural, island or isolated microgrid, minigrid and
distributed power renewable energy systems.
Solar tracking algorithms are also used in
modelling of trigeneration systems using Matlab
and Simulink platform as well as in automation
and control of renewable energy systems
through intelligent parsing, multi-objective,
adaptive learning control and control
optimization strategies. Solar tracking
algorithms also find application in developing
solar models for country or location specific
solar studies, for example in terms of measuring
or analysis of the fluctuations of the solar
radiation (i.e. direct and diffuse radiation) in a
particular area. Solar DNI, solar irradiance and
atmospheric information and models can thus be
integrated into a solar map, solar atlas or
geographical information systems (GIS). Such
models allows for defining local parameters for
specific regions that may be valuable in terms of
the evaluation of different solar in photovoltaic
of CSP systems on simulation and synthesis
calculation-of-sun-position-and-tracking-the-path-of-sun

platforms such as Matlab and Simulink or in
linear or multi-objective optimization algorithm
platforms such as COMPOSE, EnergyPLAN or
DER-CAM. A dual-axis solar tracker and singleaxis solar tracker may use a sun tracker
program or sun tracker algorithm to position a
solar dish, solar panel array, heliostat array, PV
panel, solar antenna or infrared solar nantenna.
A self-tracking solar concentrator performs
automatic solar tracking by computing the solar
vector. Solar position algorithms (TwinCAT, SPA,
or PSA Algorithms) use an astronomical
algorithm to calculate the position of the sun. It
uses astronomical software algorithms and
equations for solar tracking in the calculation of
sun's position in the sky for each location on the
earth at any time of day. Like an optical solar
telescope, the solar position algorithm pin-points
the solar reflector at the sun and locks onto the
sun's position to track the sun across the sky as
the sun progresses throughout the day. Optical
sensors such as photodiodes, light-dependant40/55
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resistors (LDR) or photoresistors are used as
optical accuracy feedback devices. Lately we
also included a section in the book (with links to
microprocessor code) on how the PixArt Wii
infrared camera in the Wii remote or Wiimote
may be used in infrared solar tracking
applications. In order to harvest free energy
from the sun, some automatic solar positioning
systems use an optical means to direct the solar
tracking device. These solar tracking strategies
use optical tracking techniques, such as a sun
sensor means, to direct sun rays onto a silicon or
CMOS substrate to determine the X and Y
coordinates of the sun's position. In a solar
mems sun-sensor device, incident sunlight
enters the sun sensor through a small pin-hole in
a mask plate where light is exposed to a silicon
substrate. In a web-camera or camera image
processing sun tracking and sun following
means, object tracking software performs multi
object tracking or moving object tracking
methods. In an solar object tracking technique,
calculation-of-sun-position-and-tracking-the-path-of-sun

image processing software performs
mathematical processing to box the outline of
the apparent solar disc or sun blob within the
captured image frame, while sun-localization is
performed with an edge detection algorithm to
determine the solar vector coordinates. An
automated positioning system help maximize the
yields of solar power plants through solar
tracking control to harness sun's energy. In such
renewable energy systems, the solar panel
positioning system uses a sun tracking
techniques and a solar angle calculator in
positioning PV panels in photovoltaic systems
and concentrated photovoltaic CPV systems.
Automatic on-axis solar tracking in a PV solar
tracking system can be dual-axis sun tracking or
single-axis sun solar tracking. It is known that a
motorized positioning system in a photovoltaic
panel tracker increase energy yield and ensures
increased power output, even in a single axis
solar tracking configuration. Other applications
such as robotic solar tracker or robotic solar
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tracking system uses robotica with artificial
intelligence in the control optimization of energy
yield in solar harvesting through a robotic
tracking system. Automatic positioning systems
in solar tracking designs are also used in other
free energy generators, such as concentrated
solar thermal power CSP and dish Stirling
systems. The sun tracking device in a solar
collector in a solar concentrator or solar
collector Such a performs on-axis solar tracking,
a dual axis solar tracker assists to harness
energy from the sun through an optical solar
collector, which can be a parabolic mirror,
parabolic reflector, Fresnel lens or mirror
array/matrix. A parabolic dish or reflector is
dynamically steered using a transmission system
or solar tracking slew drive mean. In steering
the dish to face the sun, the power dish actuator
and actuation means in a parabolic dish system
optically focusses the sun's energy on the focal
point of a parabolic dish or solar concentrating
means. A Stirling engine, solar heat pipe,
calculation-of-sun-position-and-tracking-the-path-of-sun

thermosyphin, solar phase change material PCM
receiver, or a fibre optic sunlight receiver means
is located at the focal point of the solar
concentrator. The dish Stirling engine
configuration is referred to as a dish Stirling
system or Stirling power generation system.
Hybrid solar power systems (used in
combination with biogas, biofuel, petrol, ethanol,
diesel, natural gas or PNG) use a combination of
power sources to harness and store solar energy
in a storage medium. Any multitude of energy
sources can be combined through the use of
controllers and the energy stored in batteries,
phase change material, thermal heat storage,
and in cogeneration form converted to the
required power using thermodynamic cycles
(organic Rankin, Brayton cycle, micro turbine,
Stirling) with an inverter and charge controller.
这本书详细介绍了全自动太阳能跟踪，太阳跟踪系统的出现，太阳能跟踪器和太阳跟踪系统。
智能全自动太阳能跟踪器是定向向着太阳的有效载荷设备。这种可编程计算机的太阳能跟踪装
置，包括太阳跟踪，太阳能跟踪系统，以及微控制器，微处理器和/或基于PC机的太阳跟踪
控制，以定向太阳能反射器，太阳透镜，光电板或其他光学配置朝向太阳的原理。机动空间框
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架和运动系统，确保运动动力学和采用的驱动技术和传动原理引导光学配置，如曼金，抛物线，
圆锥曲线，或卡塞格林式太阳能集热器面向太阳，不断跟随太阳运动的轮廓。 从阳光透过太阳
能跟踪器或实用的太阳能跟踪系统利用电力，可再生能源控制的自动化系统需要自动太阳跟踪
软件和太阳位置算法来实现控制与自动化架构，电路板和硬件的动态运动控制。上轴太阳跟踪
系统，如高度，方位角双轴或多轴太阳跟踪系统使用太阳跟踪算法或光线追踪传感器或软件，
以确保通过天空中太阳的通道被跟踪的高精度的自动太阳跟踪器的应用，通过正确的夏至，春
分太阳和冬至。一种高精度太阳位置计算器或太阳位置算法是这样的自动太阳能跟踪系统的设
计和施工中的重要一步。 В этой книге подробно
Автоматическая Solar-Tracking, ВС-TrackingSystems, Solar-трекеры и ВС Tracker Systems.
Интеллектуальный автоматический
солнечной слежения является устройством,
которое ориентирует полезную нагрузку к
солнцу. Такое программируемый компьютер
на основе солнечной устройство слежения
включает принципы солнечной слежения,
солнечных систем слежения, а также
микроконтроллер, микропроцессор и / или ПК
на базе управления солнечной отслеживания
ориентироваться солнечных отражателей,
солнечные линзы, фотоэлектрические панели
или другие оптические конфигурации к ВС
calculation-of-sun-position-and-tracking-the-path-of-sun

Моторизованные космические кадры и
кинематические системы обеспечения
динамики движения и использовать
приводной техники и готовится принципы,
чтобы направить оптические конфигурации,
такие как Манжен, параболических,
конических или Кассегрена солнечных
коллекторов энергии, чтобы лицом к солнцу и
следовать за солнцем контур движения
непрерывно. В обуздывать силу от солнца
через солнечный трекер или практической
солнечной системы слежения, системы
возобновляемых контроля энергии
автоматизации требуют автоматического
солнечной отслеживания программного
обеспечения и алгоритмов солнечные
позиции для достижения динамического
контроля движения с архитектуры
автоматизации управления, печатных плат и
аппаратных средств. На оси системы
слежения ВС, таких как высота-азимут
двойной оси или многоосевые солнечные
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системы трекер использовать алгоритм
отслеживания солнце или трассировки лучей
датчиков или программное обеспечение,
чтобы обеспечить прохождение солнца по
небу прослеживается с высокой точностью в
автоматизированных приложений Солнечная
Tracker , прямо через летнего солнцестояния,
солнечного равноденствия и зимнего
солнцестояния.Высокая точность позиции ВС
калькулятор или положение солнца алгоритм
это важный шаг в проектировании и
строительстве автоматической системой
солнечной слежения.
Solar Collectors and Panels - Reccab Manyala
2010-10-05
This book provides a quick read for experts,
researchers as well as novices in the field of
solar collectors and panels research, technology,
applications, theory and trends in research. It
covers the use of solar panels applications in
detail, ranging from lighting to use in solar
vehicles.
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Best Practices Handbook for the Collection and
Use of Solar Resource Data for Solar Energy
Applications - Manajit Sengupta 2021
Energy - 1983
Tracking Solar Concentrators - Zafrullah Jagoo
2013-01-30
Harnessing a multitude of complementary green
energy sources is the only plausible way to
satisfy the energy demands of a greedy global
economy. The potential of solar energy (being
the most abundant) in fulfilling part of the
energy requirements of mankind is immense and
constitutes the focal point of this book. A selfpowered solar tracker that points directly
towards the sun by means of an integrated
control mechanism with two degrees of
rotational freedom was studied and developed.
The electro-mechanical control system is based
on a precisely-timed microcontroller circuit that
first computes the altitude and azimuth of the
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sun in real-time and then drives a pair of stepper
motors that steer the solar tracker towards it. A
locally built fibre-glass parabolic dish, the
surface of which is lined with a reflective vinyl
mirror film, serves to concentrate solar rays on
its surface.
The 8th International Conference on Robotic,
Vision, Signal Processing & Power Applications Harsa Amylia Mat Sakim 2014-07-08
The proceeding is a collection of research
papers presented, at the 8th International
Conference on Robotics, Vision, Signal
Processing and Power Applications (ROVISP
2013), by researchers, scientists, engineers,
academicians as well as industrial professionals
from all around the globe. The topics of interest
are as follows but are not limited to: • Robotics,
Control, Mechatronics and Automation • Vision,
Image, and Signal Processing • Artificial
Intelligence and Computer Applications •
Electronic Design and Applications •
Telecommunication Systems and Applications •
calculation-of-sun-position-and-tracking-the-path-of-sun

Power System and Industrial Applications
Electronic Tagging and Tracking in Marine
Fisheries - John R. Sibert 2013-03-09
Reviews: Methods and Technology in Fish
Biology and Fisheries published by Kluwer
Academic Publishers is a book series dedicated
to the publication of information on advanced,
forward-looking methodologies, technologies, or
perspectives in fish and is especially dedicated
to relevant topics addressing global, fisheries.
This series international concern in fish and
fisheries. Humans continue to challenge our
environments with new technologies and
technological applications. The dynamic
creativity of our own species often tends to place
the greatest burden on our supporting
ecosystems. This is especially true for aquatic
networks of creeks, lakes, rivers and ocean
environments. We also frequently use our
conceptual powers to balance conflicting
requirements and demands on nature and
continue to develop new approaches and tools to
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provide sustainable resources as well as
conserve what we hold most dear on local and
global scales. This book series will provide a
window into the developing dynamic among
humans, aquatic ecosystems (both freshwater
and marine), and the organisms that inhabit
aquatic environments. There are many reasons
to doubt the increasing social and economic
value technology has gained over the last two
centuries. Science and technology represent
stages in human development. I agree with Ernst
Mayer when he said in Toward a New
Philosophy of Biology (1988) that "endeavors to
solve all scientific problems by pure logic and
refined measurements are unproductive, if not
totally irrelevant.
The Astronomical Almanac - 2008
Future of solar photovoltaic - International
Renewable Energy Agency IRENA 2019-11-01
This study presents options to fully unlock the
world’s vast solar PV potential over the period
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until 2050. It builds on IRENA’s global roadmap
to scale up renewables and meet climate goals.
Emerging Photovoltaic Materials - Santosh K.
Kurinec 2018-11-30
This book covers the recent advances in
photovoltaics materials and their innovative
applications. Many materials science problems
are encountered in understanding existing solar
cells and the development of more efficient, less
costly, and more stable cells. This important and
timely book provides a historical overview, but
concentrates primarily on the exciting
developments in the last decade. It includes
organic and perovskite solar cells, photovoltaics
in ferroelectric materials, organic-inorganic
hybrid perovskite, materials with improved
photovoltaic efficiencies as well as the full range
of semiconductor materials for solar-toelectricity conversion, from crystalline silicon
and amorphous silicon to cadmium telluride,
copper indium gallium sulfide selenides, dye
sensitized solar cells, organic solar cells, and
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environmentally-friendly copper zinc tin sulfide
selenides.
Solar Photovoltaic Power Generation Jinhuan Yang 2020-08-10
This book illustrates theories in photovoltaic
power generation, and focuses on the
application of photovoltaic system, such as ongrid and off-grid system optimization design. The
principle of the solar cell and manufacturing
processes, the design and installation of PV
system are extensively discussed in the book,
making it an essential reference for graduate
students in photovoltaic field and industrial
engineers.
Advanced Research on Computer Science
and Information Engineering - Gang Shen
2011-05-09
This two-volume set (CCIS 152 and CCIS 153)
constitutes the refereed proceedings of the
International Conference on Computer Science
and Information Engineering, CSIE 2011, held in
Zhengzhou, China, in May 2011. The 159 revised
calculation-of-sun-position-and-tracking-the-path-of-sun

full papers presented in both volumes were
carefully reviewed and selected from a large
number of submissions. The papers present
original research results that are broadly
relevant to the theory and applications of
Computer Science and Information Engineering
and address a wide variety of topics such as
algorithms, automation, artificial intelligence,
bioinformatics, computer networks, computer
security, computer vision, modeling and
simulation, databases, data mining, e-learning,
e-commerce, e-business, image processing,
knowledge management, multimedia, mobile
computing, natural computing, open and
innovative education, pattern recognition,
parallel computing, robotics, wireless networks,
and Web applications.
Advances in Energy Science and Technology
- Xiao Chun Tang 2013-02-13
Selected, peer reviewed papers from the 2012
International Conference on Sustainable Energy
and Environmental Engineering (ICSEEE 2012),
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December 29 -30, 2012, Guangzhou, China.
Volume is indexed by Thomson Reuters CPCI-S
(WoS). The studies cover topics such as:
Development and Utilization of Solar Energy,
Development and Utilization of Biomass Energy,
Development and Utilization of Wind Energy,
Nuclear Energy, Hydrogen, Fuel Cell and Other
New Energy, Energy Storage Technologies and
Energy-Saving Technologies, Energy Materials
and Energy Chemical Engineering, Energy
Security and Clean Use, New Energy Vehicles
and Electric Vehicles, Green Building, EnergySaving Buildings and Construction Technology,
Development and Management of the Energy
and Resource Industry, Power System and
Automation.
Solar Engineering of Thermal Processes - John
A. Duffie 2006-08-25
The updated, cornerstone engineering resource
of solar energy theory and applications. Solar
technologies already provide energy for heat,
light, hot water, electricity, and cooling for
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homes, businesses, and industry. Because solar
energy only accounts for one-tenth of a percent
of primary energy demand, relatively small
increases in market penetration can lead to very
rapid growth rates in the industry???which is
exactly what has been projected for coming
years as the world moves away from carbonbased energy production. Solar Engineering of
Thermal Processes, Third Edition provides the
latest thinking and practices for engineering
solar technologies and using them in various
markets. This Third Edition of the acknowledged
leading book on solar engineering features:
Complete coverage of basic theory, systems
design, and applications Updated material on
such cutting-edge topics as photovoltaics and
wind power systems New homework problems
and exercises
Photovoltaic Solar Energy - Angèle Reinders
2017-01-03
Solar PV is now the third most important
renewable energy source, after hydro and wind
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power, in terms of global installed capacity.
Bringing together the expertise of international
PV specialists Photovoltaic Solar Energy: From
Fundamentals to Applications provides a
comprehensive and up-to-date account of
existing PV technologies in conjunction with an
assessment of technological developments. Key
features: Written by leading specialists active in
concurrent developments in material sciences,
solar cell research and application-driven R&D.
Provides a basic knowledge base in light,
photons and solar irradiance and basic
functional principles of PV. Covers
characterization techniques, economics and
applications of PV such as silicon, thin-film and
hybrid solar cells. Presents a compendium of PV
technologies including: crystalline silicon
technologies; chalcogenide thin film solar cells;
thin-film silicon based PV technologies; organic
PV and III-Vs; PV concentrator technologies;
space technologies and economics, life-cycle and
user aspects of PV technologies. Each chapter
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presents basic principles and formulas as well as
major technological developments in a
contemporary context with a look at future
developments in this rapidly changing field of
science and engineering. Ideal for industrial
engineers and scientists beginning careers in PV
as well as graduate students undertaking PV
research and high-level undergraduate students.
Orbital Mechanics for Engineering Students Howard D Curtis 2009-10-26
Orbital Mechanics for Engineering Students,
Second Edition, provides an introduction to the
basic concepts of space mechanics. These
include vector kinematics in three dimensions;
Newton’s laws of motion and gravitation;
relative motion; the vector-based solution of the
classical two-body problem; derivation of
Kepler’s equations; orbits in three dimensions;
preliminary orbit determination; and orbital
maneuvers. The book also covers relative motion
and the two-impulse rendezvous problem;
interplanetary mission design using patched
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conics; rigid-body dynamics used to characterize
the attitude of a space vehicle; satellite attitude
dynamics; and the characteristics and design of
multi-stage launch vehicles. Each chapter begins
with an outline of key concepts and concludes
with problems that are based on the material
covered. This text is written for undergraduates
who are studying orbital mechanics for the first
time and have completed courses in physics,
dynamics, and mathematics, including
differential equations and applied linear algebra.
Graduate students, researchers, and
experienced practitioners will also find useful
review materials in the book. NEW: Reorganized
and improved discusions of coordinate systems,
new discussion on perturbations and
quarternions NEW: Increased coverage of
attitude dynamics, including new Matlab
algorithms and examples in chapter 10 New
examples and homework problems
Solar Energy Engineering - Soteris A. Kalogirou
2009-07-22
calculation-of-sun-position-and-tracking-the-path-of-sun

As perhaps the most promising of all the
renewable energy sources available today, solar
energy is becoming increasingly important in the
drive to achieve energy independence and
climate balance. This new book is the
masterwork from world-renowned expert Dr.
Soteris Kalogirou, who has championed solar
energy for decades. The book includes all areas
of solar energy engineering, from the
fundamentals to the highest level of current
research. The author includes pivotal subjects
such as solar collectors, solar water heating,
solar space heating and cooling, industrial
process heat, solar desalination, photovoltaics,
solar thermal power systems, and modeling of
solar systems, including the use of artificial
intelligence systems in solar energy systems,
modeling and performance prediction. *Written
by one of the world's most renowned experts in
solar energy *Covers the hottest new
developments in solar technology, such as solar
cooling and desalination *Packed with quick look
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up tables and schematic diagrams for the most
commonly used systems today'
An Introduction To Solar Radiation - Muhammad
Iqbal 2012-12-02
An Introduction to Solar Radiation is an
introductory text on solar radiation, with
emphasis on the methods of calculation for
determining the amount of solar radiation
incident on a surface on the earth. Topics
covered include the astronomical relationship
between the sun and the earth; thermal
radiation; the solar constant and its spectral
distribution; and extraterrestrial solar
irradiation. This book is comprised of 12
chapters and begins with an overview of the
trigonometric relationships between the sunearth line and the position of an inclined surface,
followed by a discussion on the characteristics of
blackbody radiation. The next chapter focuses on
the solar constant and its spectral distribution,
paying particular attention to extraterrestrial
solar spectral irradiance and the sun's blackbody
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temperature. Subsequent chapters explore
extraterrestrial and radiation incident on
inclined planes; the optics of a cloudless-sky
atmosphere; solar spectral radiation and total
(broadband) radiation under cloudless skies; and
solar radiation arriving at horizontal surfaces on
the earth through cloudy skies. The ground
albedo and its spectral and angular variation are
also described, along with insolation on inclined
surfaces. The last chapter is devoted to
instruments for measuring solar radiation,
including pyrheliometers and pyranometers.
This monograph will serve as a useful guide for
energy analysts, designers of thermal devices,
architects and engineers, agronomists, and
hydrologists as well as senior graduate students.
Celestial Calculations - J. L. Lawrence
2019-05-14
How to predict and calculate the positions of
stars, planets, the sun, the moon, and satellites
using a personal computer and high school
mathematics. Our knowledge of the universe is
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expanding rapidly, as space probes launched
decades ago begin to send information back to
earth. There has never been a better time to
learn about how planets, stars, and satellites
move through the heavens. This book is for
amateur astronomers who want to move beyond
pictures of constellations in star guides and
solve the mysteries of a starry night. It is a book
for readers who have wondered, for example,
where Saturn will appear in the night sky, when
the sun will rise and set, or how long the space
station will be over their location. In Celestial
Calculations, J. L. Lawrence shows readers how
to find the answers to these and other astronomy
questions with only a personal computer and
high school math. Using an easy-to-follow stepby-step approach, Lawrence explains what
calculations are required, why they are needed,
and how they all fit together. Lawrence begins
with basic principles: unit of measure
conversions, time conversions, and coordinate
systems. He combines these concepts into a
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computer program that can calculate the
location of a star, and uses the same methods for
predicting the locations of the sun, moon, and
planets. He then shows how to use these
methods for locating the many satellites we have
sent into orbit. Finally, he describes a variety of
resources and tools available to the amateur
astronomer, including star charts and
astronomical tables. Diagrams illustrate the
major concepts, and computer programs that
implement the algorithms are included.
Photographs of actual celestial objects
accompany the text, and interesting
astronomical facts are interspersed throughout.
Source code (in Python 3, JAVA, and Visual
Basic) and executables for all the programs and
examples presented in the book are available for
download at
https://CelestialCalculations.github.io.
Solar Engineering of Thermal Processes,
Photovoltaics and Wind - John A. Duffie
2020-03-24
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The bible of solar engineering that translates
solar energy theory to practice, revised and
updated The updated Fifth Edition of Solar
Engineering of Thermal Processes, Photovoltaics
and Wind contains the fundamentals of solar
energy and explains how we get energy from the
sun. The authors—noted experts on the
topic—provide an introduction to the
technologies that harvest, store, and deliver
solar energy, such as photovoltaics, solar
heaters, and cells. The book also explores the
applications of solar technologies and shows
how they are applied in various sectors of the
marketplace. The revised Fifth Edition offers
guidance for using two key engineering software
applications, Engineering Equation Solver (EES)
and System Advisor Model (SAM). These
applications aid in solving complex equations
quickly and help with performing long-term or
annual simulations. The new edition includes allnew examples, performance data, and photos of
current solar energy applications. In addition,
calculation-of-sun-position-and-tracking-the-path-of-sun

the chapter on concentrating solar power is
updated and expanded. The practice problems in
the Appendix are also updated, and instructors
have access to an updated print Solutions
Manual. This important book: • Covers all
aspects of solar engineering from basic theory to
the design of solar technology • Offers in-depth
guidance and demonstrations of Engineering
Equation Solver (EES) and System Advisor
Model (SAM) software • Contains all-new
examples, performance data, and photos of solar
energy systems today • Includes updated
simulation problems and a solutions manual for
instructors Written for students and practicing
professionals in power and energy industries as
well as those in research and government labs,
Solar Engineering of Thermal Processes, Fifth
Edition continues to be the leading solar
engineering text and reference.
Research Methodologies for Beginners Kitsakorn Locharoenrat 2017-03-31
This textbook introduces the general points of
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view of research methodology in the scientific
and engineering fields of studies and presents an
overview of the technical and professional
communication needed for article publication in
journals. It comprises several practice exercises
that will give beginners the confidence to move
on the communicative activities. Every chapter
provides problem sets that will help readers
check their understanding of each concept. The
book will also help readers formulate specific
research topics, research questions, and
hypotheses; conduct literature reviews relevant
to the research topics; develop applicable
research methodologies; and write and present
their research outlining the key elements of the
proposed projects. It is very useful for students
and researchers opting for a course on research
methodology and for seminars at undergraduate
and graduate levels.
Intelligent Manufacturing and Mechatronics Muhammad Syahril Bahari 2021-06-19
This book presents the proceedings of
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SympoSIMM 2020, the 3rd edition of the
Symposium on Intelligent Manufacturing and
Mechatronics. Focusing on “Strengthening
Innovations Towards Industry 4.0”, the book
presents studies on the details of Industry 4.0’s
current trends. Divided into five parts covering
various areas of manufacturing engineering and
mechatronics stream, namely, artificial
intelligence, instrumentation and controls,
intelligent manufacturing, modelling and
simulation, and robotics, the book will be a
valuable resource for readers wishing to
embrace the new era of Industry 4.0.
Two-Axes Sun Tracking System - Ayad
Mahmood Kwad Al-Awsi 2013
This book is aimed at designing and building a
complete tracking system including mechanical
structure, electronic controller circuit based on
PIC, and robust program that can be adapted
according to the location and the season (where
one can chose the way of tracking either with a
constant time or with constant number of moves
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in a day). It focuses on an astronomical equation
to calculate the altitude and azimuth angles for
two axes tracking system; to determine the sun
position over the sky precisely at any time
during the day for years (including the leap
years) with different weather conditions, to
avoid the loss of sun path as a result of partial
cloudy weather for a part of the day, or of dusty
weather for periods of the day
Control of Solar Energy Systems - Eduardo F.
Camacho 2012-01-03
Control of Solar Energy Systems details the
main solar energy systems, problems involved
with their control, and how control systems can
help in increasing their efficiency. Thermal
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energy systems are explored in depth, as are
photovoltaic generation and other solar energy
applications such as solar furnaces and solar
refrigeration systems. This second and updated
edition of Advanced Control of Solar Plants
includes new material on: solar towers and solar
tracking; heliostat calibration, characterization
and offset correction; solar radiation, estimation,
prediction, and computation; and integrated
control of solar plants. This new edition contains
worked examples in the text as well as proposed
exercises and simulation models and so will be
of great use to the student and academic, as well
as the industrial practitioner.
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