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Abstract

Getting to access remote facilities anywhere is a new way for teaching and
learning. New technology that can help achieving many goals in the research
field, it stands up against the impossibility to access labs over the world.

This provide a practical approach for limited budget research institutions to
provide cost effective research facilities. Online remote lab is a new technology
in the learning arena. It can be said that it is the first step in developing the
research labs to become accessible worldwide. This thesis aims to make labs
remotely accessible for students and researchers even in the developed
countries. Through the Internet, it became easy for researches to access the
needed facilities for their research.

This thesis works on converting smart grid labs by using Raspberry Pi B+ 3
board to become online labs that can be operated from any location. By using
JSON programming language and an online website to connect the modules
with each other for the chosen experiment, and then observe the results in
SCADA. By this way any student at any time can use the lab to implement their
experiments and obtaining the results.

In the end of establishing a Remote lab using Raspberry Pi B+ 3 board and relay
modules, connect them with each other and the lab module, so the user can
execute the connection through the web site, and the module will connected to
each other according to experiment procedure, each input will be connected to

each output through Raspberry Pi B+ 3 board and using the right code to



execute that, solar panel experiment has been chosen for its importance to
research area, the experiment has been connected, the SCADA showed the result
remotely, through Internet connection.

A complete experiment has been connected online remotely with all its
components and the result showed remotely also, with minimum hardware and

cost.
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Chapter 1

Introduction

Remote laboratory can solve a lot of issues. It can make a difference in learning, and in
teaching fields. This chapter contains remote lab overview, and how it can contribute to

research areas.

1.1 Motivation

Laboratories form an important educational resource in engineering education and training
using equipment’s in addition to teaching theories in lectures. The laboratories give the
opportunity for learners and engineering to use equipment’s correctly, and to train them on
how to deal with instruments they will interact later with in real life and in professional
conditions, thus gaining practical knowledge and familiarizing themselves with such
equipment’s. However, maintaining the equipment and getting new laboratories imply a
large amount of money that can be afforded only by few numbers of universities and

institutions.

A lot of limitations are considered in equipping laboratories in universities and institutions
such as budget limitations, and the increasing number of engineering students make
existing labs insufficient, and it becomes harder to universities to provide the necessary

training for students, and teaching in labs become insufficient.

The availability of new technologies of communication and computing capabilities make it



easier to develop tools to interact with virtual instrument. Open and shared resources
provide the possibility to develop, and implement e-learning technologies that give the
students access to different labs through the globe without location restrictions, time
limitation, or lake of money, and will absorb the huge increase in number of students, who

want to access labs for practical training.

1.2 Problem statement

A lot of considerations was taken to achieve this work:

1. Physical access to labs is not available at all time. Most labs are occupied most of the
times.

2. Most of the labs equipment’s are expensive, and cost a lot to educational institutions
high budgets.

3. Simulation labs can give results in ideal environments. It can’t simulate real life

circumstances.

1.3 Thesis goals

The aim of the thesis is to modify a local lab to be used remotely and locally. So, the lab
could be used in any circumstances at any time, in the site location with the real
instruments and the existent of the user, and with remote location with the same used
instruments but with a different physical user location. This gives the opportunity for
researchers to run experiments and rerun them at any time they need. Nevertheless.
researchers will have data that touches real life problems, not to mention cost saving if
proper lab scheduling is set, and the students will have the chance to access such data at
any time needed to run the experiments again.
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The lab meant to be modified is the smart grid lab, it’s a research lab for all grid

component, it studies the impact of the smart grid component with each other.

The obtained modified remote lab model will serve researchers, teachers, student, and
other educational communities. Smart grid lab can give us a good idea about the real grid,

how to develop it and how to solve its problems.

1.4 Thesis contribution

Several collaborative schemes that aimed at engineering education, have been developed in
recent years for the remote execution of experiments from distant laboratories and on

different engineering fields.

For example, Labwork has been established in Hong Kong at Polytechnic University
(PolyU). It gives the users the opportunity to execute physical experiments. It has
scheduling feature to reserve any appropriate date and time to start connecting with the lab

and execute any wanted experiment.

A Labwork [1] is a living example of applied remote lab offers real-time online laboratory
to execute lab experiments at their own space, anytime, anywhere. The lab provides the
ability to execute physics experiments without sacrificing having accurate data through
Labwork platform, and through time the teachers can track students’ performance, and

assist them when it is needed.

The remote laboratory system, where experiments conducted at control engineering
laboratories can be remotely operated through the network in which Internet makes it easy

to deal with such connections [2]. On the same trend, a more recent work [3] reports on the



remote control of a nonlinear system as a tool for teaching several engineering subjects.
Likewise, experiments with analog electronic circuits have been studied [4] with the aid of
remote laboratories based on an existent and previously validated platform. This system
aim to use nonproprietary solutions in order to promote sharing among institutions; it also
performs remote measurements over real instruments in an effort to make it as reliable as a

hands-on laboratory.

Remote laboratories for experimental training on mechatronics local labs have also been
implemented [5], where experiments using a two-degree of freedom robot and a servomotor
can be carried out remotely. Other works have also reported the development of remote
experiments implemented as web-based systems in other engineering fields such as fluid

mechanics [6] and electrical engineering [7].

In general, remote laboratories deal with manipulation of real equipment’s and
experiments, and although they make use of tools such as virtual instruments (VI) and e-
learning environments, they should not be confused with either simulations or virtual
laboratories. There are systems, such as using different approaches, more on the style of
virtual laboratories, that involve the use of expensive equipment and topologies for the

emulation of sophisticated laboratories, which are rarely available in public institutions [8].

In the research, the smart grid lab will be modified to serve as remote lab, A smart grid lab
can provide a complete study on smart electrical grid connected to multiple sources of
power with all components of electrical grid to control and monitor the effect of other
sources of power on the traditional grid. Reusing this lab at times the lab is not in use, by

adding hardware and software and converting it to a remote lab, can help researchers get a



closer practical look to improve and study the electrical grid. One of the most important
reasons I’m going to improve remote lab is to provide practical results that is closest to
what happens in real life. Simulation labs can provide ideal results and data with ideal

experiment environment but real labs designed to simulate the real-life conditions.

Engineering and scientific studies can expand the usage of remote labs in order to allow
students to perform real, non-simulated experiments and lab tasks over the Internet without
physically existing in the lab [9]. In our system we intend to add the availability of real lab

and the smart grid lab to work remotely.

The intent is to connect the module of smart grid lab to SoC (system on chip) device such
as a Raspberry Pi B+ 3 so we can use a website that control the connections between the
modules, and the result will be shown from SCADA remotely which is connected to the
lab in the first place. Two servers will be used, one of them for the Raspberry Pi B+ 3 and
the website and the connection through the Internet, and the other for getting result from

SCADA remotely.

For the first time, a large number of modules in a lab is intended to be modified to work
remotely, also a chip with operating system has been used with a lot of properties that help

build a lab to works online remotely.

The website compensations have chosen carefully, so online remote lab can be achieved,

with real time server.

The Figure 1.1 show the mechanism used in the system, SoC device with web server and

website had been added to the smart grid lab so its modified to a remote lab, by using the



SCADA which is a component of the lab to be used and connected remotely to get the

results from the experiments conducted.

However, The previous implemented systems focused on using few numbers of modules
to build small models of the lab to implement experiments remotely, in addition; those
systems used devices with limited capabilities and limited number of outlets, and the most
important limitation of such devices that those outlets are specified for specific

functionality, and no capability for adding or developing on the systems.

\
P \
\
\
\
User S
*
D
User 2 !
U4
U4
U4
U4
V4
))

——/
User 3 Campus W
network Ry
Remote Lab

Figure 1.1: The proposed system.




1.5 Thesis organization

The content of this thesis is arranged as follows:

Chapter 2: Literature review. This chapter will present a detailed literature survey about
the technical background information needed to understand the underlying technologies

related to model design.

Chapter 3: Methodology. In this chapter, I’ll present the mechanism of converting the
smart grid lab to remote lab, how to perform it, how to connect with SCADA in remote

locations, and what is needed to perform an ideal experiment.

Chapter 4: Hardware module. In this chapter, will present the hardware components, how

it is combined with each other.

Chapter 5: Software module. In this chapter, will present the software algorithm used in

Raspberry Pi B+ 3, and the web page designed to connect the experiments.

Chapter 6: Integration method. In this chapter integration method in the system was

explained, how to integrate the component of the system with each other.

Chapter 7: Testing and Results. In this chapter, will examine the connection through
Internet by trying the web site and observe the results in lab room.
Chapter 8: Conclusions and future work. A conclusion of the overall work is given in this

chapter, and the future work that can be done.



Chapter 2

Literature Review

This chapter contains all needed components for constructing a Remote lab, including the
lab meant to be modified. The hardware components needed to add to the lab, so it can be
used remotely, including the Raspberry Pi B+ 3, the connections between modules, the
relay module used to complete the connection, the communication mechanism through
internet, how to operate through a website, and finally reviews to related work for the

proposed system.

The lab meant to be modified is the smart grid lab developed by De Lorenzo which is an
Italian Company specialized in design, development and production of technical and
vocational training equipment. De Lorenzo has developed the lab | intend to modify to a
remote lab. The Lab contains typically the grid components such as a protection device,
electrical production station, solar panel, and all sub components of the smart grid system.
The company developed full laboratories for several specialties such as electrical, power,

telecommunication, electronics, automotive, and others engineering specialties [10].

The lab is considered very useful to research areas, as a result of the importance of smart
grid field to researchers. This topic forms one of the important areas of development
because of the increment of resources of power, and dealing with these resources to obtain
maximum benefits of them, have occupied the attention of researchers and governments.

The electrical power is one of the most important elements to human’s future.



2.1 Smart grid

The definition of a smart grid can be represented as an electricity grid network update,
which enable the collection of information about power exchange between suppliers and
consumers, by using an intelligent network, a monitor and a management system; to

control the flow of power over electrical networks [11].

The basic elements of a smart grid begin with the idea of smart metering infrastructure
(AMI) to improve the management of the consumer demand, and increase power
efficiency, and improve dependent grid that is capable of self- healing, and building a

reliable grid protection against machine faults and natural disasters [12].

A Smart grid system is the way all electrical sources distributed in a smart method. it
enables us to know and observe all user’s consumption, manage and redistribute the

flooded power, reuse it in other areas where it’s needed, depending on real value. Figure

2.1
shows SCADA Phasor
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Figure 2.1: Components of smart grid [12].



Smart grids are the biggest technological revolution since the Internet. They have the
potential to reduce carbon dioxide emission, increase the reliability of electricity supply,
and increase the efficiency of our energy infrastructure [13]. Smart grid applications,
communications, and security; explain how diverse technology play hand-in-hand in

building and maintaining smart grids around the globe [14].

The software gives us the ability to manage the grid, monitor the flow of the electrical
current, and the distribution to users. It manages the integration between the traditional
power sources and renewable energy sources. Knowledge of consumption about each
sector enable us to control the value of traditional electricity production. This way; we can

reduce the expenses and provide all sectors with the power needed.

Different techniques are used to build a full concept of smart grid, these techniques are

provided to the grid to provide flexibility and allow coordination and control by the smart grid.

The following are the applied technologies that are used:

1- Distributed Energy Resources: It’s a combination between traditional and
renewable energy sources. The traditional power source provides highly efficient
local power to supply electricity to customers, the renewable energy might be

installed in house hold or as production station like solar panels or wind turbines.

2- Demand Response (DR): The US Department of Energy (DOE) defined DR as “a
tariff or program established to motivate changes in electric use by end-use
customers, in response to changes in the price of electricity over time, or to give

incentive payments designed to induce lower electricity use at times of high market

10



prices or when grid reliability is jeopardized” [15]. The idea of DR is to manage the
power usage for consumers and power grid [16], the improvement of smart grid

efficiency, and to increase the grid reliability [17][18].

Electricity Storage: It is very important to complete the system. It is considered as a
key role in power generation through renewable energy production. With the proper
type of storage, the dependency on renewable energy will increase, so carbon
emission will be reduced, and increase encouragement of developing of both

renewables and storage [19].

Automatic Meter Reading: It is a device or system installed to measure the

electricity consumption or production for each household.

Energy Service Gateway: It’s a low power PC installed in the meter cabinet of each
household. It works as a controller of all various devices running on specific

configuration.

Data Communication Network: It’s the communication network between
households and the central server to coordinate and control, as well as collect data

by the server using the network to manage and prevent failure [20].

Detailed Data Access: It is opened up by three portals, a user portal: gets
information about consumer consumption and production energy, an operator
portal: provides faults detection and monitoring, and a data analysis portal. The
data analysis portal generates automated reports for data mining for all the data

collected in the experiment.

11



8- Advance Distribution Automation: It’s defined as a group of technologies that give
the ability to the electric corporation to monitor, operate, and coordinate the

distribution component remotely in real time condition [21].

2.2 Remote Lab

Remote lab is an experiment done with real labs through ethernet, in which the user control
them remotely, the experiments include real modules or instruments [22] that will be
reused as a remote lab, it's hard for universities to supply a real laboratory for all
researchers and students, especially when we are taking about a large number of students,
or the need of space or instrumentation. Some universities don't have enough space or the

budget for getting these labs, especially the expensive ones.

The universities depend on virtual labs to solve budget issues such as MATLAB, and other
Simulink labs, that simulate labs environment. Those labs can be used with unsafe or
dangerous experiments such as chemical labs, with the absence of real environment, those
labs can’t give the user a real data that simulate the real lab experiment, also can’t give the

student the skills dealing with real equipment’s.

Remote lab (RL) has been used and put under trial at the university of south Australia
(UniSA), the main goal was to increase the usage of labs, this kind of projects will give the

opportunity to graduated students to power up with knowledge and skills [23].

To modify any lab to a remote lab, a lot of utilities will be needed to complete the lab. The
users can perform the same experiment as if it is performed in the lab. Interconnection
components will be used to connect remotely between modules, visual mechanism will be

needed to see the connections between modules., a server with ethernet connection will be

12



needed to execute the experiment on the website. some labs will need actuator’s to be
operated. however, with the proper and cost-effective utilities, any lab can be converted and

reused to achieve our goals as in real labs.

2.2.1 Typical Remote Lab System Architecture:

For any remote lab architecture [24], there are main components to be completed and
operated remotely, Stevens Institute of Technology proposed a system of three-levels as

follows:

e The user’s PC with a software application: It is a JavaScript-based web browser that
is capable of establishing a connection with the Internet.

e The resource manager: It is combined of a web server which respond to HTTP
request from users, and the result data of the lab session.

e The third component: It includes the SoC interface with actual instruments and

actuators.

2.3 Smart grid lab

The smart grid lab consists of eight subsystems. Each system has a lot of modules to
simulate the real smart grid system. The first four subsystems simulate power sources of
energy. The first one is the traditional coal plant with three phase supply unit, and the other

subsystems represent clean power sources like wind, hydroelectric and solar.

The lab includes all protection modules. Other modules that simulate a real grid, and
measurement modules. The lab is designed to simulate a real smart grid with SCADA

software.

13



The reasons | chose this lab is to improve the grid and convert it to smart grid lab with less
cost and less problems with integration between the renewable sources that are being used

a lot now a days at which users have renewable energy at their homes.

2.4 SCADA

Supervisory control and data acquisition (SCADA) system is a very important component
to each infrastructure. IT controls every utility in any smart city like pipelines, water, etc..,

and its very crucial for manufacturing operations [25].

SCADA collects and shows real-time data of the system and transfer it to the central unit,

to represent it to the user interface, it’s a hardware operated by a software [26].

SCADA system in remote lab grid collects the data through measuring units using serial
ports to connect each sensor in each module to sense these values and then represent the

collected data through the user interface by using graphical screen and a software.

The SCADA performs the following functions:

1-  Acquisition of physical quantities, the data is used to control the system and

supervise.

2- Control, the system is capable of controlling the actuators, and all its operations.

3- Supervision, the system has the ability to monitor all data and information
gathering from the system, the status of the system, and alarm from faults and

others, etc...

SCADA systems supervise, control, optimize and manage the systems for the generation

14



and transmission of electrical energy as well as the distribution networks.

They have the ability to collect, store and analyze data from hundreds of thousands of data
points in national or regional networks, and have the ability to establish model networks, to

simulate operations, detect faults, and control them to prevent their occurrence.

It’s an essential part of a smart network. It enables establishing and building smart grids,
that are capable of dealing with enormous amounts of energy from renewable sources
which can be produced by generators of large and small scale. Also; to maintain network
stability despite the intermittency of these sources and the bi-directionality of the energy

flow [27].

The SCADA system is divided to four main components:

1- Sensors (either digital or analog) and it controls relays that directly interface with

the managed system.

2- Remote telemetry units (RTUs). These are small computerized units deployed in
the field at specific sites and locations. RTUs serve as local collection points for

gathering reports from sensors and delivering commands to control relays.

3- SCADA master unit. It’s a larger computer console that serve as the central
processor for the SCADA system. The master unit provides a human interface to
the system and automatically regulate the managed system in response to sensor

inputs

4- The communication network that connects the SCADA master unit to the RTUS in

15



the field.

SCADA allows a utility operator to monitor and control processes that are
distributed among various remote sites. The goal of using SCADA is to collect data

through different types of modules, and control the production methodology [28].

2.5 Electronic devices

2.5.1 Raspberry Pi 3 Model B+

The Raspberry Pi B+ 3 is a small device compared to other similar devices with the same
proprieties. It’s called system on chip (SoC); it means that it has an operating system that
controls the hardware. One of the important properties that its cost effective for the

operations that it provides. It can be used to browse the web or play games, etc....

The Raspberry Pi B+ 3 is known as a single-board computer, which means exactly what it
sounds like. It’s a computer, just like a desktop, laptop, or smartphone, but built on a single

printed circuit board.

The Raspberry Pi B+ 3 has a lot of proprieties that have been used to achieve the project

goals such as:

1- The Raspberry Pi B+ 3 has several extensions with the main device such as
network card, wireless card to ease access to the main device, and it functions

without the need to for any additional extensions or programming.

2- The Raspberry Pi B+ 3 has a processor with four cores and very high speed that can

reach 1.3 GHz.
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1.

(PoE).

Memory storage can reach to 256 Gb, and it provides the capability to upload

several different programs for the OS to operate with it easily.

Different operating systems support the device. Therefore; The main processing
unit provides excellent capability to manage different operations, and supports
many programming languages and applications without restrictions on the used

programming language like Arduino.

The device has more than 26 input and output ports in addition to the power outlets.

The device Has the capability to connect with other devices like Arduino and has

the capability to control them easily.

The operating system supports multi-threading for programs that needs parallel

operations and that’s what is needed to my application.

such features give the capability to upgrade the project regardless of the type of what new

technology might emerge.

Performance

Hardware

The Raspberry Pi Model B+ third generation has been powered with a 1.4 GHz quad core
CPU, dual band 802.11ac, faster Wi-Fi and ethernet but running off a USB 2.0 bus, it can

easily be converted to function over a USB 3.0 bus. Also; it supports power over ethernet

The Raspberry Pi B+ 3 is developed over the years to work as SoC, the new B+ 3
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generation model used, solved two major issues, heat dissipation, and RF emissions, by

adding a metal cover to the SoC, and metal shield to the Wi-Fi and Bluetooth circuitry.

2. Networking efficiency
This model has improved the on-board LAN, by replacing the 10/100 controller with
10/100/1000 Gigabit LAN controller. which means; the built-in port is no longer limited to
100 Mbps. Therefore; it can transfer more bandwidth to B+ 3 model to help achieving a
real time system. Therefore; we can see that, the Pi B+ 3 generation became faster than any
other Pi board. By using iperf measuring which measures network performance shown in
Figure 2.2, iperf has client and server functionalities, and can create data streams to

measure the throughput between the two ends in one or both directions.:

2B

iperf 3B

3B+

0.00 60.00 120.00 180.00 240.00
Mbps

Figure 2.2: iperf -onboard LAN [29].
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Similar measuring approach can be performed using iperf on Wi-Fi performance and the

result will be shown in Figure 2.3:

0.00 25.00 50.00 75.00 100.00
Mbps

Figure 2.3: iperf -Wi-Fi [29].

3. Power consumption
Using this model instead of previous models can consume a lot of power as shown in
Figure 2.4. However; the obtained performance can justify the cost of the consumed

power.
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Figure 2.4: Power consumption [29].
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252

Relay module

Relays are not only protection device that are used in different places with a lot of

application and operation. They are used as switch devices to control processes or

equipment’s. It works to isolate different current levels.

There are different types of relays such as:

1-

Electromagnetic relays: These relays are built with electrical, magnetic, and
mechanical components, with operating coil and mechanical contacts. When the
supply system (AC or DC) works, the coil will be activated, then the mechanical
contacts will open or close according to the type of the relay. Normally open or

normally closed.

Solid state relays: This type of relays is triggered on or off without any need to

moving parts.

Hybrid relays: These relays are constructed with electromagnetic and electronic
components. The input includes the rectification circuit and other control elements,

the output includes electromagnetic relay.

Thermal relays: This type of relay functionality is heat effective. It means that
increasing the temperature to a certain level will trigger the switch to the other

position. These types of relays mainly used in motor protection.

Reed relays: This type of relay is constructed with a pair of magnetic strips (reed)
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that is sealed within a glass tube. It acts as armature and a contact blade, the

switching operation performed when the magnetic field applied to the coil.

I chose mechanical relays for this application because it is compatible with AC and DC
power sources. It has hard separation system. It isn’t affected by current leakage.
Therefore; there is no need for a heat sink. it has low cost and the ability to deal with

normally open or normally closed contacts [30].

Smart grid lab works on high volts; 220 AC volts and 3 A, while the Raspberry Pi B+ 3
works in low volts 15 DC volts, a mechanism is needed to connect both of them to each
other without causing any damage to any component. Never the less; and since multiple

input and output ports are used, we decide to use relay modules.

The relay module has the capability to control any electrical appliance. It supports all
MCU controls, PLC controls, smart home controls, and the common end COM of each
relay is independent, which makes it convenient for users to access different signals. Each
relay is equipped with an ON or OFF indicator light. The working status indicator light is

good for safe use.

2.6 Related Work

Engineers work as trouble shooters; they have to solve problems in real life and “make
things work”. [31] something as remote lab can support that and make it possible, a
combination of real lab with hardware module and software can be used to perform a real
experiment at any time at any location, Remote labs are also being used to support life-

long learning and student's independent learning activities [32].
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Nowadays Embedded Systems (ES) are getting more and more complex and require
creativity in shortening periods of design time. Under these conditions, the development of
systems "from scratch” is not effective. Therefore, one of the key areas to improve the
efficiency of ES design is the accumulation of technical solutions for reuse. This idea can
be realized by using the Remote Laboratories (RL). materials which contain theoretical

background and exercises reusing smart grid lab [33].

A brief overview has been done for state-of-the-art technologies in the development of
remote laboratories and presentations of recent and interesting examples of remote
laboratories in several areas related to industrial electronics education, some current trends

and challenges are also identified and discussed [34].

Low-Cost Remote Lab Platform has been developed. The researcher describes how to
create and deploy a low-cost platform for remote control of experiments via web page and
a PIC microcontroller from Microchip. Thus, we have a tool easily applied, by plug-and-
play method, to optimize the learning and possibly spanning several types of students and

institutions.

The platform is based in Microchip Tech.© "PICDEM.net2" commercial. It includes
PIC18F97J60 Microcontroller, input/output expansion port, Ethernet connection (RJ-45),
32K bytes EEPROM memory, 2x16 alphanumeric LCD, 4 buttons, temperature sensor,

etc.... [35].

Online remote laboratories have been developed and can be shared among universities.
This will not only offer the reduction of cost but also the utilization of modern technology

that meets expectations of the new generation of students. The researchers present the
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development of one such laboratory that aims to incorporate renewable generation

technologies [36].

Generic or convertible remote labs have been described, which use the new paradigms
from Cyber Physical Systems (CPS) and service-based automation for their creation. As a
result, any remote lab can be created, operated and utilized simply and quickly via web-

based engineering [37].

Working environment of the remote lab consists of Digilent Nexys 2 FPGA platform that
is connected with a PC. Students can connect with the remote lab PC through CEyeClon
viewer which also need to be installed on their PCs together with each other. The usage of
this experiment enables engineering students to achieve practical experiences and skills for
designing and simulating digital circuits using FPGA and to better understand and learn

theory of designing digital circuits [38].

All the details on the latest addition to the University Network of Interactive Laboratories:
a virtual and a remote laboratory of a two electric coupled drive systems have been
described. These two new activities allow performing control practices in a 2x2 MIMO
system. The virtual and the remote labs are accessible for anyone in a new open course that

contains several other experiments in the automatic control field [39].
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Chapter 3

Methodology

In this chapter I will discuss the architecture of the system that includes the topology for
the prototype, and the flow chart of the system. It will give a clear idea how the system

works in both the hardware and the software level.

3.1 System architecture

3.1.1 Prototype topology

The prototype topology is shown in Figure 3.1. The system is divided into two basic
categories: the hardware consisting of the Raspberry Pi 3 B+, copper connecters, and relay
modules, the software consisting of SCADA system, web application, and Raspberry Pi 3
B+ programming. First, the SCADA should be connected remotely to view the results of
each experiment. The web application consists of server and webpage for the connection
purpose, and finally the programming of Raspberry Pi B+ 3 to achieve connection between

modules, and the relays to interface with power level differences between model items.
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Figure 3.1: Topology of the prototype for the remote lab

3.1.2 System Flow Chart

The Figure 3.2 shows the flow chart of the system. It’s divided to subroutines; each one of

them contains several operations, as follows:

1- User registration and login: first login, the user register via the web site by
connecting to the database, to create a new user on the system. The user
information needed to enter include: Email, name, password, study major, mobile
number, university or institution name, and the aim of using the lab. The system
then sends verification to the email or phone number to make sure that the user is
verified. After approving the process, the system changes the user status to become

active.
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Login is the operation that give us access to the web site by interring the user
information. The system will check if the user is active or not, if not the system
show a message telling the user to inter a verification code, it will be received
through the phone number or email. After accessing the web site, the user can from
the homepage check the lab components and the experiment that can be performed,

if a user wants to perform an experiment, a date and time should be reserved.

Reservation: using this feature enable the users via the website to perform
experiments when the lab is available, by choosing specific date and appropriate

slots of time, that information will be saved in the scheduling table on database.

Select topic: the lab has several topics that includes all components of the smart
grid from the electricity production factory to the wind turbine. Each topic covers
several experiments. The user can choose any topic of interest to execute its
experiments. If the user fails to reserve a date to perform an experiment, a massage
will appear to tell him to reserve a date to be able to use the lab as needed. The

website provides a procedure file to each experiment.

Execution: after downloading the experiment procedure and choosing the
experiment, the user will start selecting all modules and connecting them to each
other depending on the procedure steps, and after that the user will have to press
ON to get the connection. If the connections are correct, the execution will be done
in the lab. If not, a fault message will appear to the user asking the user to fix it.
After correcting the connections, a message will appear to till the user to go to

SCADA page, so the user can see the results and monitor the experiment. The reset
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option is available to clear the board of all connections to start a new experiment or

to restart the current one.

5- Get the result: This operation can be done by using the SCADA webpage, it
collects the data, graphs, and numbers so the user can have what is intended from

the experiment in the first place.

Finally, if the time session the user reserved is over, the system will display a message to
the user showing that the session will expire, and the system will log the user out of the

website.

Select topic

——
Registration Execution

Collect Download Go to

informat
. Procedure Experimen

Result

Connect
to Data

Execute

Exp.

Figure 3.2: System flow chart
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Chapter 4

Hardware module

The module attends to be built requires electronic components to complete the work. In the
project; lab modules will be needed, the Raspberry Pi B+ 3, and cabling between the
Raspberry Pi B+ 3 and the lab modules. A relay module is needed to complete the
connection between the Raspberry Pi B+ 3 and the module due to the voltage and current
difference between both units, so the website can operate the connection remotely. Finally,

the SCADA needs to converted so it can run over Ethernet to get the experiment results.

The model hardware consists of:

1- Controller/ SoC
2- Wires
3- Interface method

4- Lab modules

First Stage: Installing an operating system on the Raspberry Pi B+ 3 which supports
different operating systems such as Windows, and Linux. Linux system has been chosen, it
works without back ground operations, so a lot of power will be saved during the
Raspberry Pi B+ 3 operation, which make the device more efficient for real time

applications. Also, Linux supports web server programs.

Second Stage: installing Node.JS as a web server, because it works as asynchronous
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request and response to make the server achieve real time systems.

Third Stage: Raspberry Pi B+ 3 contains 40 GPIO interfaces, which allows to control a lot
of modules with different properties and different types of inputs and outputs, the
processor works with those pins using input/output drivers, which are implemented by the
server. It also controls those pins using code that is implemented on the server. Those pins

work in parallel. which means, the processor can activate them together.

Forth Stage: Raspberry Pi B+ 3 is connected to the Internet using ethernet and Wi-Fi.
Controlling Raspberry Pi B+ 3 using a program over a network (VNC), which gives
administrator privileges on the system, so it gives the ability to connect to the Raspberry Pi
B+ 3 directly, the system can be operated over internet, which makes the system flexible

and maintainable over the Internet.

Fifth Stage: Considering different power levels with the lab modules and the Raspberry Pi
B+ 3, a relay module has been used to solve the problem, and I chose a mechanical relay
module to give the model hardware safety through operation. The relay module terminals

will be connected with the Raspberry Pi B+ 3 and lab modules.

The relay module has led indicators, so it can give an indication if the relay is active or not,

and it can give an indication if there is any fault occurring in the module’s pins.

Sixth Stage: Start making connections between the interfaces and the lab modules using
different types of wires that can handle high voltage and ampere without causing any
damage to the lab modules or the Raspberry Pi B+ 3. This give the lab the ability to work

for several days without fear of high load that might occur, each output and input on each
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lab module connected to one of the GPIO on Raspberry Pi B+ 3 board, it is also identified
on the programing with the name of each module and it’s outlets as shown in Figure 4.1
below, also each one of those outlets connected to a relay module pines to balance power

levels between all the lab components.

"DL 1017L": {
"DL 10065N": {

L1: pind,

L2: pin5,

L3: pinG,

N: pin8

Figure 4.1: GPIO identifications for lab modules.
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Chapter 5

Software module

Remote smart grid lab model requires multiple components to set it up, such as; software
that will give the ability to connect the lab modules with each other via Raspberry Pi B+ 3
module. However, and to be able to connect the modules to the Internet, a proper interface

will be needed.

5.1Remote Smart Grid Application Software

The software | intend to build has specific architecture, which makes it suitable for public

use. Web servers will host the web application and process the requests.

5.1.1 Web Server

A web server is the hardware part that will host and run a combination of software’s that
will operate websites. It will enable and facilitate the process of incoming requests through
different protocols (HTTP, HTTPS, .... etc.). Nevertheless; it can also serve as data

storage, in addition to processing and delivering web pages.

"Node.js" is an open source web application, that is a cross-platform and is capable of
executing JavaScript code in a run-time environment outside a browser. It can handle a
huge number of simultaneous connections with high throughput, so it can deal with all

module’s outlets with Realtime situation.

Another software application on the web server; is the JavaScript run-time environment
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which executes JavaScript code outside a browser. It’s a lightweight application and
perform efficiently when handling data-intensive Realtime applications. Therefore; it

enables us to build fast, scalable and Realtime network applications.

5.1.2 Data transmission to the server

HTTP (Hyper Text Transfer Protocol) is a method for encoding and transporting
information between a client (such as a web browser) and a web server. It runs at the
application level layer protocol. It uses TCP (Transmission Control Protocol) to
communicate over Ethernet network, using URL (Unique Resource Locator) which enable
it to identify web server resource across the Internet. It also uses angular-7 to send requests

to Node.JS using HTTP requests.

5.1.2.1  Why Angular-7 with Node.JS
Angular-7 is compatible with Node.JS as both uses java script framework, which gives the

power to run Realtime scalable remote lab.

5.1.2.2  JSON (JavaScript Object Notation)

JSON is a lightweight format for storing and transporting data. It is used when data is sent
from a server to a web page. It is preferred to use JSON because its "self-describing™ and
easy to understand. It works by storing an array of key, value, and send it in one JSON

object to the server. The Figure 5.1 shows JSON document of connection data.
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a: {.}
sinkName: "DL 1@17L"
sinkPort: "L3"
sourceName: "DL 18865N"
sourcePort: "N"
<prototype»: Object { .. }
1: {.}
sinkName: "DL 9@31(g2)"
sinkPort: "Gnd"
sourceName: "DL 18865N"
sourcePort: "L3"
<prototype»: Object { .. }
2: Object { sinkName: "DL 9831(g2)", sinkPort: "L1", sourceName: "DL 18865N", .. }
3: Object { sinkName: "DL 9831(gl)", sinkPort: "L2", sourceMame: "DL 18865N", .. }
length: 4

<prototype>: Array []

Figure 5.1: JSON document of connection data.

5.1.3 Web interface

Is the client side accessed through a web browser in the form of HTML language, CSS
style sheet and Java Scripts, A combination of (HTML, CSS, JS) gives the user an
interactive interface which makes the webpage easy to explore. In order to use this

combination in an optimal way:

The use of front-end framework gives the ability to achieve an organized work in a simple

way.

This concept can be applied by using angular 7 framework which provides real-time
framework which in turn enables us to build a friendly user interface closer to real

experiment environment.

5.1.3.1  Angular7

Angular 7 is a leading typescript based on open source framework for front-end application
development. Also; typescript is a superset of JavaScript which primarily provides optional
static typing, classes and interfaces. Using angular 7 as framework will include a handy

resource for utilizing HTML templates, delivering dependency injection and assembling
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data services for applications.

In addition, it offers a long list of other significant features and benefits such as:

[EEN
[

Enhanced application performance

N
1

Progressive Web Apps

w
1

Code Splitting into (Component, service, pipe and directive)

4-  Structured build like photo.

The Figure 5.2 below shows the Structure of angular 7, each file defined with lab modules
names, and each file has defined all outlets on it. At the end, angular 7 is very suitable for
the model that has been built, it gives the application the ability to deliver a real

environment about what happen in a real lab.
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Figure 5.2: Structure of angular 7.
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5.1.4 Data Base

A Realtime database has been chosen, it’s called firebase database, which is a cloud-hosted

NoSQL database with SDK support for iOS, Android, and the web. It is used to store

user’s names, information, and lab occupation schedule, the data which is stored as JSON.

The database has a lot of capabilities such as:

Realtime: The database does not use HTTP requests, the database has Realtime
property which uses data synchronization, when any modification occurred, any
connected devices will receive all those changes in milliseconds.

Offline: The firebase has the ability to track all changes even when offline, as the
database saves the data to disk, and when the connection is reestablished again the
client will receive all changes and modifications.

Accessibility: No need for application server to make any modification on the
system, firebase Realtime database can be accessed directly from any mobile device
or web browser, the security rules can provide security and data validation, those
rules are executed when data is read or written.

Scale across multiple databases: The database provides the ability to support data
needs at scale by splitting the database to multiple database instances in the same
firebase project, the authentication process becomes simpler.

Data types: Realtime database has no definition of data types, it can deal with all
data types, it allows the user to save values as strings or numbers, or as nested and

arrays of strings and numbers to any field the user wants.
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It was the most proper database used for my application. It gave the system the ability to
send check massages through the phone or email for confirming the users who registered

on the system.

The system can track multiple streams of data in Realtime, it gives the ability to make a lot
of writing and reading, so any huge modification can be performed easily without the need

to reboot or waiting for modification upload, it can be done while the lab is in use.
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Chapter 6

Integration Method

6.1 Communication Methods: 3G/Wi-Fi/Ethernet

3G is the third generation of communication. It’s the update of the previous method to
communicate. It has the ability to establish fast Internet connection. It is used with mobile
phone communication. Also, we can use Wi-Fi connection or ethernet, Wi-Fi depends on
wireless connection, and ethernet depends on wire connection. No matter which way users
try to reach the system, the most important thing is the ability to establish fast data

transmission to achieve real time system, and my system supports that.

This communication method has been used several times, to access Raspberry Pi B+ 3
through (VNC) over internet, to establish remote connection to the SCADA over internet,

and to access the website.

6.2 Accessing SCADA Remotely

SCADA is one component of the smart grid lab. It used to real, collect data, and show
results. To complete converting the lab to remote lab, SCADA is needed to be accessed
remotely through ethernet. SCADA has additional software to establish a remote access.
There are two settings to access the lab over ethernet with local network using LAN setting
in the software and, it’s property that the software provides it to users, and the other with
an outside network. WAN setting has been used to reach the software through the Internet

from outside local network, the following setting must be chosen:
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Open project manager, choose the topic to establish a connection, smart grid has
been chosen using the right click, web project creation will appear as illustrated in

appendix A (Figure 1).

Choose the template that the user wants to convert and publish. A copy of smart

grid will appear on the other side as illustrated in appendix A (Figure 2).

After choosing the templates intended to be used, must enter LAN/WAN setting to
publish the web project. By adding HTTP server network IP address, and TCP
ports for both HTTP server, and web server, the conversion will start as illustrated

in appendix A (Figure 3).

On the right of the smart grid, Click and choose test web project, the connection to
Winlog will be established, and the port will be ready to get accessed remotely as

illustrated in appendix A (Figure 4).

On the other side, a client SCADA file will appear, so the client can access the
system remotely and can get all the results the user wants from the experiments as

illustrated in appendix A (Figure 5).
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Chapter 7

Model Testing and Results

7.1Testing
Model testing has been performed at each stage of the hardware and software development,
to ensure that all model required components are installed and correctly function without

causing any damage to lab modules nor to the Raspberry Pi B+ 3.

Hardware Testing

The hardware includes the smart grid lab, Raspberry Pi B+ 3, high voltage relay modules,
user interface, and electrical copper connectors. The experiment executed remotely as the
last step of the thesis, to make sure the results comes out as expected, all the steps of the

experiment executed remotely are explained in appendix B.

Smart grid lab experiment

Two experiments have been chosen; as it requires a few modules and a few connections to
build a medium size model, not to mention; no human intervention is needed. The
experiment has been performed to understand the mechanism the lab works on, and to

understand the needed components.

Hardware interface test
Raspberry Pi B+ 3, relay modules, and Electrical copper connectors have been used to
connect between experiment modules, relays, and the Raspberry Pi B+ 3. 2.5 mm? Copper

connectors have been chosen based on the lab manual recommendation to perform the
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required work at 3 Amps current and 220 AC voltage. Also; a relay has been used to avoid
causing any damage to the Raspberry Pi B+ 3 module, the interface between experiment
components has been tested to make sure, every connection has been built, is working

correctly without causing any harm, and all components work perfectly with each other.

7.2 Results

Later according to thesis goals, | established a device that can control the lab I chose
remotely. The first step was to choose the lab to control it through ethernet, the smart grid
lab was the most suitable lab for its importance and it was categorized as a research lab.
Then | have to choose a device that establish remote control. A number of devices appears
suitable for this goal, but Raspberry Pi B+3 has all what | need at a cheap cost, small size

model, and few extensions.

The first step was to perform a suitable experiment in a real lab, then connect them through
the website, during performing the experiment, the results obtained was right, the

measuring units and SCADA gave me correct measurements.

Repeating another experiment at the lab. achieved the same results. The remote lab
worked probably without causing any troubles. If all labs are to be converted to remote
one’s, extra extensions will be needed, to be connected to Raspberry Pi B+3 with the same

programming language but by adding the rest of the modules to the website.

The website is capable of connecting the modules to each other, and give each experiment
procedure, clear the connections if any mistake might occur, and get the results from

SCADA software.
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7.3 Evaluation

7.3.1 Limitation
During the different phases of this research and model implementation, many challenges

have been encountered. These limitations are:

“FPGA DEI10 standard” has been tried to use, which uses the matrix principle, to
connect all modules through the same board without the need for additional boards,
but the complexity of setting up the module and the lack of resources to establish a
server and program the module, made it impossible to use.

e The shipping of “FPGA DE10” took a long time, so the latency of “FPGA DE10”
made it difficult to take the right decision to continue with FPGA module or to
move on and search for an alternative module.

e Using real IP’s can be subject to security policy at various institutions. Such
policies my pause limitations on accessing the smart grid lab remotely.

e The Raspberry pi B+3 has limited number of ports, which can serve only one
remote experiment. Multiple remote lab experiments will require board extensions
or additional Raspberry boards.

e Some modules can’t be easily controlled, they need actuators like potentiometers.

e One user only can access and use the system for each session.

7.3.2 Software Testing
The connections formation of the experiment performed on the webpage, will send the data
to Raspberry Pi B+3. The Raspberry Pi B+ 3 will execute the data and connect modules to

each other, once all the connections are done in the right way, the user will be able to press
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the GO to SCADA button; which will get all the measurements of the experiment , this
way will ensure that the system built will work correctly refer to appendix C, a server on
Raspberry Pi B+ 3 has been established, and the identification of each lab module has been
identified, each output and each input in those modules have been identified. Connection
between the Raspberry Pi B+ 3 server and the website is established to execute all user

requests.

Appendix D include brief programing about front end include all configuration that is done

on the website.

7.3.21  WEB Pages
The home page will enable the user to login by entering the user name or e-mail and the
password as shown in Figure 7.1. once the user is logged in, the user will then move to the

main page, which will give him access to the modules as needed.

< C @ localhost4200/login * @ o

Home Login Models Smart Grid Lab

lisername

password

LOGIN

Figure 7.1: Login page screenshot.

43



After entering the user information, the website will login the user to the experiments list

and will provide brief information about each section, as shown in Figure 7.2.

& > C @ localhost:4200/overview

waall Axnls
Al-Quds University

2 solar photovoltaic system (PV system) is a
power system designed to supply usable solar
power by means of photovoltaics; it converts
sunlight or solar radiation
lectricity by using semi
users of different preparation to study this
system in its variants...

v low,
rensusble

2 transformer most commonly consists of two
windings of wire that are wound arocund a common
core to provide tight electromagnetic coupling
between the windings. The core material is often
2 laminated iron core. The coil that receives

ical input energy is referred to as
the primary...

verhead power lines are mainly used To Transmit
electrical energy from the power stations To The gy,
consumers. However, in densely populated areas pocoontof oo o S o, substatiens
the pover can only be supplied through cables.  transrormers and more that deliver elect
Varicus voltage levels are used for SIansmitting fyom the power plants to home or bu
power; the levels are determined by The amount  4ioioo) technology that allows for twoway
of power and ... communication between the utility and its
customers...

“Grid”, refers to the electr. a

Wind energy captures the natural wind and
converts t r’s motion into mechanical energy
usually for electricity production and this
mechanism is referred to a wind-electric
turbine. The turbine blades normally
designed to capture the kine energy in wind
and when start moving...

Figure 7.2: Main page screenshot.
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7.3.2.2  Reservation Schedule
When the user logs in, and tries to access an experiment, the system will show a message to

reserve a date on the website schedule so the user can perform an experiment whenever the

user wants and when the lab is available.

The system will provide a calendar in Figure 7.3 to assist the user to select the suitable and
available dates in Figure 7.4 and time sessions to reserve the lab in Figure 7.5, so the user

can perform an experiment.

NOV 2019+ > £
NOV 1 2
3 4 5 6 7 8 9
10 11 12 13 14 15 16

17 18 20 21 22 23

Figure 7.3: book calendar.
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Mo Date TimeSession

1 10-11-18 9:00-10:00
2 10-11-18 10:00-11:00
3 10-11-18 12:00-13:00

Figure7.4: screen shot of book time session.

StartTime EndTime TimeSession
9:00 10:00 -
10:00 11:00 -
11:00 12:00 -

Figure7.5: screen shot of book and unbook schedule.

After having a suitable date and starting the implementation on the website, the user
session will remain open until the reserved time ends, after that the system will display a
message so the user will end the session because the reserved time has expired as shown in

Figure 7.6.
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Time out !
System will logout
automaticlly.

Ok

Figure7.6: screen shot of time out session.

7.3.2.3 User page
Once the user enters the login data, the website will move to the main page. By pressing
any lab category, the user will move to the list of experiments as in figure 7.7, and each

experiment has a PDF file that contains the procedure, objectives and requirements.

& C @ localhost:4200/viewcontent/3 Q @ o

Smart Grid Lab

EXPERIMENT N°1 Characterization of a photoveltaic panel without a load Lo

expand more

Characterization of a photovoltaic panel with a load v

Connecting a photovoltaic system to the real network by using an inverter grid system mono phase v

Figure7.7: screen shot of experiment list to one lab category.

7.3.2.4  Module connector
When the user presses any experiment, the webpage will move to the corresponding
module page. The user can choose the appropriate modules and initiate the connection. The
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webpage will send the matrix of connections to Raspberry Pi B+ 3 to execute all the

instructions at once as in Figure 7.8.

After the execution is done, and all the connections are ready. the user can continue to

SCADA in order to get the results and measurements of the experiment.

<« C  @® localhost:4200/home aQ * @ o

Smart Grid Lab

| Get All Connections | Go To scada | clearAll |

L] EET O [
[Jel=]| | [=]=]e]

00
nlaa
OO0 |

Figure7.8: Experiment module page.

7.3.3 Features of the model

1. Flexibility

The built system can help researcher and students to access labs at any time needed. the

model can be modified at any time without causing the system to crash.
2. Auvailability

To get access to labs at any time users need it.
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3. Reliability

Any modifications to the model can be implemented while the lab is running without

causing any failure to the system.

4. Real-time

The system can control and monitor labs within critical times, Hardware and software real-
time synchronization reflect the execution of software instruction by the hardware as it’s

happening on the web interface.

Software Real-time: Data instructions received from the web interface implemented by

the hardware components simultaneously

Hardware Real-time: the SCADA receive instructions from the web interface to be

implemented simultaneously.

5. Benefits of relevant users

Research institutions can benefit from other research institutions lab facilities.

Students can access study material for exams without the need to be physically present at
the lab, the data can be archived for future use. Also; experiments can be re-done many

times if the results are not satisfactory.

Researchers can gather all data they need from any lab at any location all over the world.
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7.4Discussion

In my discussion about remote labs, many strategies have been adopted. The concept of
remote labs, its benefits over the years, and the related applications that remote labs was

built on it.

The 1st used application for remote labs was the low-cost PIC system; unfortunately; it had

limited features.

As time passed by, PIC system has been improved and more developed in which multiple

modules can be connected and operated.

Remote labs have been used in many aspects other than engineering labs, such as physics

labs, ... etc.

MIMO has been adapted in additional developments to remote labs to achieve affective

connection and fast communication through the Internet and websites.

As a result, in my research, the used lab has been carefully chosen to achieve maximum
benefits. Never the less; the model built, modified all the labs to remote labs that can be

operated through a website from any location, achieving the needed results.

The model has been constructed with minimum devices at a low cost. As a result; the
model has achieved the required goals, and the website simulates the real lab connection

that help the users simulate the real lab connection.
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Chapter 8

Conclusion and future work
8.1 Conclusion

The thesis proposes an online remote lab that can be operated any time from any location
around the world. The users will get the opportunity to benefit from labs, using Raspberry
Pi B+ 3 generation board, and 3G/Ethernet/WIFI connection technology. The main
components of the proposed system are Raspberry board, SCADA, web server, and web

Interface.

The labs operate on demand at any time the users can access the web interface to login to
the webpage and start performing experiments on lab modules. The board gives the ability
to connect modules with each other, by using the simulated modules on the webpage, and

when finishing the experiment, the results can be obtained from the SCADA application.

The thesis discusses the planning process, experimental configurations of hardware and
software. Results of this thesis prove the feasibility of capturing data using a remote
system, and visualizing the information in real-time. The hardware and software are proven

to be successful for meeting the goals set for this research.
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8.2Future Work
In future development of the proposed system | suggest some ideas that can be considered

in any future work:

e Building a hardware device that can control actuators like resistors to convert the
lab to be fully remote controlled.

e Using a dedicated server with real IP just for remote labs to be fully operated from
outside any campus or lab facility.

e Using boards with more GPIO’s to convert all the labs to remote labs that can
conduct more different experiments within the same lab.

e Using boards with matrix principle such as FPGA.
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Appendix A

Project Device library View Help

G PRGBS OH B O R EXEBXDA @

[E-% Copy of SMART GRID LAB

T Configuration
I Gates

7§ Code

T4 Recipes

75 Reports

T SOLAR
5 TRANSFORMATION

Web templates

&% Run...

New
% Clone
&% Delete

1 Rename

P! & Defautt

Build protected copy..

Testweb project

& Browse project folder.

(oo ves et

(€& Project Manager
File Edit Project Devicelibrary View Help

Figure (1): create web project.

- PRBGUAG-|© B[O D% Bk XE

i Copy of SMART GRID LAB
=% Configuration
T Gates
-.T§ Code
74 Recipes
73 Reports
55 Templates

-5 BRUSHLESS
= FORM STUDENT
S5 GENERATION
= INSTRUMENTS
5 RENEWABLE CONNECTE
S SOLA

55 TRANSFORMATION
= TRANSMISSION

55 WIND

5 Images

i Keyboard

T Web templates

SMART GRID LAB

& Configuration

iy Gates

-Ig Code
T4 Recipes
73 Reports
75 Templates
-7 BRUSHLESS
£ FORM STUDENT
55 GENERATION
== INSTRUMENTS
S RENEWABLE CONNECTI
57 SOLAR
S5 TRANSFORMATION
== TRANSMISSION

S5 WIND

Copy of SMART GRID LAB - Web project creation settings

==

Templates conversion | Web Client settings | Publishing |

Choose templates to convert and publish

EX7_TRANSMISSION
EX8_TRANSMISSION
EX9_TRANSMISSION
FOTOVOLTAIC
FOTOVOLTAIC_EX2
FOTOVOLTAIC_EX3
FOTOVOLTAIC4
GENERATION_ESERCIZI
GRAPH_LOAD_ZOOM
GRAPH_NO_LOAD_ZOOM
GRAPH_REG_ZOOM
HOME_PAGE

INSTRUMENT

[E INTRO

No Name
REGULATION_PERFORMANCE
SMART GRID EXERCISE
SOLAR_EXERCISE
TRANSFORMATION EXERCISE

Cenvert .bmp images to PNG -

m
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Appendix B

An appropriate experiment has been chosen, experiment with great benefits to the research
area, and has a medium number of connections comparing with other experiments to make
it easy to build the model of the remote lab. The experiment is connecting a photovoltaic

system to the real network by using a single phase on grid inverter as following below:

Connection the experiment through the website after login, choosing the experiment and

downloading the experiment procedure as illustrated below:
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After finishing the connections, | press on Get All Connections, the raspberry takes the

function and execute all connections through the relay module as below:
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After the experiment is performed, the results will be displayed on the SCADA through

Winlog program as the following below:

When obtaining all of the results, | press on “clear all” to turn the connection off, and reset

the system.
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Appendix C

e The definition of the library used by the server to connect with raspberry:

var gpio = require("array-gpio™);

e The Definition of the outputs:

let pinl = gpio.Output(12);

var pin2 = gpio.Output(13);

var pin3 = gpio.Output(15);

var pin4 = gpio.Output(16);

var pin5 = gpio.Output(18);

var piné= gpio.Output(19);

var pin7 = gpio.Output(21);

var pin8 = gpio.Output(22);

var pin9 = gpio.Output(23);

var pin10 = gpio.Output(24);

var pinll = gpio.Output(26);

var pinl2 = gpio.Output(29);

var pinl3 = gpio.Output(31);

var pinl4 = gpio.Output(32);
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var pin15 = gpio.Output(33);

var pinl6 = gpio.Output(35);

var pinl7 = gpio.Output(36);

var pinl8 = gpio.Output(37);

var pinl9 = gpio.Output(38);

var pin20 = gpio.Output(40);

¢ Definition of the JSON file to access to the right output through the receiver device:

const devices = {

e Receiver device:

"DL 1017R™: {

e Output device:

"DL 10065N": {

e The outputs used to establish connection:

L1: pinl,

L2: pin2,

L3: pin3,

N: pin7, }},
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"DL 1017L": {

"DL 10065N": {

L1: pin4,

L2: pin5,

L3: pin6,

N: pin8} },

"DL 10065N": {

"DL 2108TAL-SW": {

L1: pin13,//31

L2: pinl4,//32

L3: pin15,//33

N: pinl6,//35 },

"PFS-85": {

"L+": pinl9,

"L-":pin20 } },

"DL 9031(g1)": {

"DL 10065N": {
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L1: pin9,

N: pinl0, } },

"DL 9031(g2)":{

"DL 9013G":{

"Minus":pinll,

"~"pinl2} 1},

"DL 9013G": {

"DL 10065N": {

"L-": pinl7,

"L+" pin18} }}

e Announce the file for using it:

module.exports =devices;

e The definition of needed library to turn the server on:

var express = require("express");

var app = express();

var path = require("path”);

var bodyParser = require("body-parser");

69



e Using the file, | defined above:

var devices =require( "./constat");

var jsonParser = bodyParser.json();

app.set("'view engine", "ejs");

app.use(express.static(path.join(__dirname, "public™)));

console.log(path.join(__dirname, "public™));

app.get(*/", function (req, res) {

res.send({ ssd: 'sdfds' }); });

app.use(function (req, res, next) {

res.header('Access-Control-Allow-Origin’, "*");

res.header('Access-Control-Allow-Methods', 'GET,PUT,POST,DELETE);

res.header('Access-Control-Allow-Headers', 'Content-Type";

next(); })

e Receive the request from front end on the link below:

Localhost:3000/api/relay/on/

app.post(*/api/relay/on/", jsonParser, (req, res) => {

e Take the data from request body:
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sinkName = req.body.sinkName;

sinkPort = reg.body.sinkPort;

sourceName = reg.body.sourceName;

sourcePort = req.body.sourcePort;

e Turn off all relays:

Object.keys(devices).map(a=>{

Object.keys(devices[a]).map(b=>{

Object.keys(devices[a][b]).map(c=>{

devices[a][b][c].on();}) }) })

e Start connect all relays depending on the user connection:

if (Array.isArray(reg.body)){

req.body.forEach(a => {

devices[a.sinkName][a.sourceName][a.sourcePort].off(); });

Yelse if(Array.isArray(reg.body)){

devices[req.body.sinkName][req.body.sourceName][req.body.sourcePort].off(); }

e Send the connection request:

res.send(devices); });
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Object.keys(devices).map(a=>{

Object.keys(devices[a]).map(b=>{

Object.keys(devices[a][b]).map(c=>{

devices[a][b][c]l.on(); }); D); D

e Turn the server on:

app.listen(3000,'192.168.43.20', function () {

console.log("Server Started on Port: 3000!); });
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Appendix D

e Establishing connection point for the source:
const down = fromEvent(this.socket.nativeElement, 'mousedown')
.filter((e: MouseEvent) => !((e.which &% e.which == 3) || (e.but
ton && e.button == 2)))
.do((e: MouseEvent) => e.preventDefault())
.do((e: MouseEvent) => this.cable.startPatch(this.socket, e))
.do((e: MouseEvent) => {
// const old = this.patches.removeConnectionsFor(this);
// this.signal.disconnect(old.signal);
1

const up = fromEvent(document, 'mouseup')
.do((e: MouseEvent) => e.preventDefault());

const mouseMove = fromEvent(document, 'mousemove')
.do((e: MouseEvent) => e.stopPropagation());

const scrollWindow = fromEvent(document, 'scroll')
.startWith({});

const move = combinelLatest(mouseMove, scrollWindow);

const drag = down.mergeMap((md: MouseEvent) => {
return move

.map(([mm, s]) => mm)

.do((mm: MouseEvent) => {
this.cable.movePatch(mm);
this.patches.resetSelection();
const target = this.patches.locateTarget(mm);
console.log(target)
if (target) {

target.isSelected = true;

}
.skipUntil(up.take(1).do(() => this.cable.endPatch()))
.take(1);

1)

this.draggable = drag.subscribe((e: MouseEvent) => {
const target = this.patches.locateTarget(e);
i1f (target && this.patches.notConnected(this, target)) {
this.patches.connect(this, target);
this.signal.connect(target.signal);

}

this.patches.resetSelection();
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})s
e Connection process, access data when cable connected:
this.pt = this.slider.nativeElement.createSVGPoint();

const down = Observable.fromEvent(this.slider.nativeElement, 'moused
own')
.do((md: MouseEvent) => md.preventDefault());
const move = Observable.fromEvent(document, 'mousemove')
.do((mm: MouseEvent) => mm.preventDefault());
const up = Observable.fromEvent(document, 'mouseup')
.do((mu: MouseEvent) => mu.preventDefault());

const drag = down.mergeMap((md: MouseEvent) => {
return move.startWith(md).takeUntil(up.take(1));
1

this.handle = drag
.subscribe((md: MouseEvent) => {
this.pt.x = md.clientX;
this.pt.y = md.clientY;
this.cursorPt = this.pt.matrixTransform(
this.slider.nativeElement.getScreenCTM().inverse());
this.cursorPt.y = _.clamp(this.cursorPt.y, 0, 128);

const normalValue = 1 - (this.cursorPt.y / 128);

const scaledValue = (normalValue * (this.max -
this.min)) + this.min;

this.signal.setValueAtTime(scaledvalue, 0.1);

this.change.emit(scaledValue);

1)
e Send information to back-end
DoConnection(data){

return this.http.post(" ${environment.api}api/relay/on” ,data);
}
e The operation of gathering all the communication and convert it to
JSON file:
public get AllConnections(): any[] {
return this.connections.map((data: Connection) => {
return {
sinkName: data.sink.parent, sinkPort: data.sink.name,
sourceName: data.source.devicename, sourcePort: data.source.
name

1)
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