
 

 

  

 

 

 

Master Thesis 

 

 

 

Multicore Optimized Real-Time Protocol for Power Control 

Networks 

 

By 

Muhammad Naveed 

 

Department of Information and Communication Technology 

The Royal Institute of Technology (KTH) University Forum 120, 164 40 Kista 

Stockholm, Sweden 



ii 
 

Abstract 
The Technology today is changing at a fast pace. The growth of computers and 

telecommunications over the past three decades has been extraordinary. We today 

are at the point where all technologies related to communication and data transfer are 

submerging to a common platform.  

A number of different methods are available for data communication or data transfer. 

The important factor in all communication setups is to satisfy user demands with low 

cost and reliability. The area of interest for this thesis is future energy substations and 

wind mills. In order to make things more straight forward and see its different options 

and capabilities the focus is on designing and implementing a new energy protocol 

called Energy Real Time Protocol (eRTP) based on Iyad Real Time Protocol (iRTP) [2]. 

The protocol is designed to meet the requirements of power and energy networks in 

terms of sending the energy parameters with VoIP data (optional) among power 

stations at different locations. Keeping in mind the importance transferring energy 

parameters in real-time, the presented protocol has built upon small individual 

algorithms/modules designed for multi-core architecture. Each module is supposed to 

be processed by an individual core/processor in parallel. 

 

 

 

Keywords: Energy and power networks, eRTP, parallel algorithms/modules, multi-core 

architecture, real-time communication. 
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Chapter-1  

1. Introduction 
Computer Networks for the past five decades have been in the focus of scientists and 

researchers in all fields. The main reason for the focus is their dynamic nature and 

flexibility; as users can transfer data and communicate with each other while working 

with computers, mobile phones, Internet telephony etc. The boom of internet, 

portable devices and high data rate cellular networks have played an important role in 

making the networks for voice calls and data transfer more vibrant and dynamic. 

In general the networks can be divided into two main categories based on the 

connection media used to connect these networks. These are  

 Wired Networks  

 Wireless Networks  

The report will focus on both networks for energy and power. Now a days the world 

has more focus on energy and power because it is a main need of human being 

without this the life will be very difficult.  

In this report our focus will be on making new energy protocol for power substations, 

and communications among all stations in which we can send or receive data and 

voice. 

We have different protocols using in energy and power we will discuss some of them 

in this report. These are: 

 Distributed Network Protocol 

 IEC 61850 

 IEC 60870-5 Family 

 IEC 61400 
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Chapter-2  

2. Background and Literature Review  
This chapter presents the necessary background needed to perform the assigned task. 

The first phase of the project was dedicated to read the materials relevant to the 

assigned task and to understand the contributed work by previous researchers on the 

topic. 

The chapter is organized as first presenting the biomedical background needed to 

know what the Electrocardiogram (ECG) is, to understand how it is interpreted and 

how it operates.  A discussion about paralleling software and multi-core hardware is 

given in the second and third section of the chapter, respectively. 

2.1 Supervisory Control and Data Acquisition (SCADA) 

Supervisory control and data acquisition (SCADA) describes the automatic control 

technology merges computers, communications and automation. There is a specific 

technology or protocol, but refers to any application where data is collected from a 

system to control the system and monitors it this much material from distances. Plants 

use SCADA systems to detect the current flow and line voltage, the circuitry of the 

monitor and Bracers even take a part of the grid and off-line. 

A SCADA System usually has the following subsystems: 

 A man-machine interface (HMI) is the equipment presents process data to a 

human operator, and then by this way the human operator controls and 

monitors the process. 

 A supervisory system is for monitoring and collecting data about the process 

and send control 

 Remote Terminal Units (RTUs) connecting to sensors in the process and it 

converts sensor signals into digital data and sending digital data to the 

supervisory system (computers). 

 Programmable Logic Controller (PLC) used as field devices because they are 

more affordable, flexible, adoptable, and configurable than special purpose 

RTUs. 

http://en.wikipedia.org/wiki/Remote_Terminal_Unit
http://en.wikipedia.org/wiki/Data_acquisition
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 Finally the communication infrastructure that connects the supervisory system 

to the Remote Terminal Units. 

2.1.1 Data acquisition  

The process of sampling signals, which measure real world physical conditions which 

converts the resulting samples into numerical values that can be controled by a 

computer. It typically converts analog signals into digital values for processing. There 

are some components of data acquisition systems given below: 

 Sensors convert physical parameters to electrical signals. 

 Signal conditioning circuitry convert sensor signals into digital values. 

 Analog-to-digital converters, which convert conditioned sensor signals into 

digital values. 

2.2 Distributed Network Protocols (DNP3) 

This is a set of communications protocols used among components in process 

automation systems. It is mainly used for utilities as in an electric and water 

companies. It does not normally used in other industries. 

DNP3 was developed for communications among numerous type of data acquisition 

and control equipment. It plays a essential role in SCADA systems and used by SCADA 

Master Stations, Remote Terminal Units and Intelligent Electronic Devices. It is mostly 

used for communications between a master station and RTUs or IEDs. Another 

protocol which is Inter-Control Centre Protocol (ICCP) is used for inter-master station 

communications. 

RTUs monitors the field analog and digital parameters and transmits all the data to the 

Central Monitoring Station, while IEDs receive data from power equipment and 

sensors and give control commands, suppose like tripping circuit breakers if they 

sense current, voltage, or frequency and raise/lower voltage levels in order to 

maintain the desired level. General types of IEDs include: 

 Protective relaying devices 

 Load tap changer controllers 

 Circuit breaker controllers 

http://en.wikipedia.org/wiki/Communication
http://en.wikipedia.org/wiki/Remote_Terminal_Unit
http://en.wikipedia.org/wiki/Remote_Terminal_Unit
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 Capacitor bank switches 

 Reclose controllers 

 Voltage regulators, and many more 

Recently some IEDs are designed to support the IEC61850 standard which is used for 

substation automation and it provides advanced communications capabilities and 

interoperability. 

DNP3 is an intelligent, open, efficient, and robust modern SCADA protocol.  

DNP3 can: 

 request and respond with multiple data types in single messages 

 segment messages into multiple frames to ensure excellent error detection and 

recovery 

 include only changed data in response messages 

 assign priorities to data items and request data items periodically based on 

their priority 

 respond without request (unsolicited) 

 support time synchronization and a standard time format 

 allow multiple masters and peer-to-peer operations 

 allow user definable objects and file transfer 

2.3 IEC 61850 

IEC 61850 is a standard for the design of electrical substation automation. IEC 61850 is 

a part of the International Electro-technical Commission's (IEC). There is a new and 

very suitable protocol for substation automation. These protocols can run 

over TCP/IP networks and/or substation LANs using high speed switched Ethernet to 

gain the needed response times of < 4 ms for protective relaying.  

It defines next-generation architecture for communications networks and systems in 

substations. It completes all aspect of the communications among devices in the 

substation and the related systems. 
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For IEC 61850 we need to implement new standards e.g (GOOSE, GSE, IED, RTU, 

SCADA, MMS, PICS, IP and etc). While on the other side we have existing Legacy 

system. For legacy system we need a lot of time and man power for implementation 

while for IEC 61850 after implementation of above standards it just needs plug and 

play. 

2.3.1 Benefits  

 Easy to design, configure, setup and maintain. 

 High-level services enable self-describing devices & automatic object discovery 

 Standardized naming conventions with power system context 

 Configuration file formats eliminate device dependencies and tag mapping and 

enables exchange of device configuration.  

 Strong functional support for substation communication 

 Higher performance multi-cast messaging for inter-relay communications 

 Extensible enough to support system evolution 

2.3.2 Features 

 Modeling of primary process objects, protection and control functionality into 

different standard logical nodes which can be grouped under different logical 

devices. Logical nodes for data/functions related to the logical device (LLN0) 

and physical device (LPHD). 

 Reporting data from server through a server-client based on pre-defined trigger 

conditions. 

 Fast Transfer of events such as Generic Substation Event (GSE) is defined for 

fast transfer of event data for a peer-to-peer communication mode. This is 

again subdivided into GOOSE & GSSE. 

 Setting Groups control Blocks (SGCB) are defined to handle the setting groups 

in case user can switch to any active group according to the requirement. 

 Sampled Data Transfer are defined to handle transfer of sampled values using 

Sampled Value Control blocks (SVCB) 

http://en.wikipedia.org/wiki/GOOSE#Generic_Object_Oriented_Substation_Events_.28GOOSE.29
http://en.wikipedia.org/wiki/GOOSE#Generic_Substation_State_Events_.28GSSE.29
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  Different Commands command types are also supported by IEC 61850 which 

include direct & select before operate (SBO) commands with normal and 

enhanced securities. 

 SCL (Substation Configuration Language) is defined for complete storage of 

configured data of the substation in a specific format. 

2.4 IEC 60870-5 Family 

The International Electrotechnical Commission defines this standard for electrical 

engineering and power system automation. These systems are used for controlling 

electric power transmission grids and other control systems. IEC standard 60870 has 

six different parts which covers Transmission Frame Formats, Data Link Transmission 

Services, General Structure of Application Data, Definition and Coding of Information 

Elements, Basic Application Functions. 

2.4.1 IEC 60870-5 101- 104 

 IEC 60870-5-101 is used as a general transmission protocol between a control 

system and substations RTUs 

 It acquires general features in the context of SCADA applications 

 The messages are generally transmitted through serial connections 

 

 IEC 60870-5-102 developed for the transmission of counter readings 

 The messages are normally transmitted through serial connections 

 

 IEC 60870-5-103 is used for the transmission of protection events between IEDs 

and control systems 

 The protocol was specially developed to transmit protection information in 

the correct chronological order  

 It is doable to pass on the protection events through file transfer using IEC 

60870-5-101 

 The messages are normally transmitted through serial connections 

 

http://en.wikipedia.org/wiki/SCL_-_Substation_Configuration_Language
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 IEC 60870-5-104 is used as a general transmission protocol between a control 

system and substations RTUs 

 It acquires general features within the context of SCADA applications 

 The messages can only be transmitted through TCP/IP 

  Since TCP/IP is a reliable transmission protocol 

2.5  IEC 61400 

The 61400 is a set of design which made to ensure that wind turbines are suitably 

engineered against damage from hazards within the planned lifetime. Wind turbines 

are extremely serious, and are usually purchased before they are being raised. 

Some of these standards provide technical conditions verifiable by third party, and are 

necessary in order to make business agreements so wind turbines can be financed. 

2.6 RTP 

The Real-time Transport Protocol describes a standardized packet format for delivering 

audio and video over IP networks. RTP is used broadly in communication and 

entertainment systems that involve streaming media, such as telephony, video 

teleconference applications and web-based push-to-talk features. 

RTP is used in coincidence with the RTP Control Protocol (RTCP). While RTP carries the 

media streams just like audio and video, RTCP is used to monitor transmission 

statistics and quality of service and aids synchronization of multiple streams.RTP is 

derived and received on even port numbers and the associated RTCP communication 

uses the next higher odd port number. 

RTP was developed by the Internet Engineering Task Force (IETF). 

RTP is designed for real-time, end-to-end, transfer of stream data. The protocol 

provides facility for jitter damages and exposure of out of sequence data arrival, that 

are common during transmissions on an IP network, we can also use it for 

multicasting. 

In this project we will use RTP for communication and transport through which we can 

send audio and video but in this project we will use it for text and audio data transfer 

in power and energy to communicate among substations and wind mills. 
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2.7 Voice over Internet Protocol (VOIP) 

Voice over Internet Protocol is a family of technologies, tactics, communication 

protocols, and transmission techniques for the delivery of voice 

communications multimedia sessions and voice communications over Internet 

Protocol networks. VoIP are IP telephony or Internet telephony, broadband telephony, 

voice over broadband and broadband phone. 

It consigns to communications facilities e.g Voice, SMS, Fax and voice-messaging 

purposes that are convey through the Internet while not on the public switched 

telephone network (PSTN).  

In this report we will use VOIP for voice communication through eRTP protocol. We 

will send text file as well communicate on telephone through voice over IP for solving 

different kind of problems which occurs during work in substations and in wind mills.  

2.8  Smart Grid 

The idea of the smart grid according to this thesis project is that having a system that 

take into account into all parameters discussed above in the thesis and the consumer, 

production unit and billing agency know about these parameters. The parameters can 

be accessed through web portal thus making the availability of these parameter in a 

more refine manner and easy to understand. 

The web portal could modify for each of concerned party as they want and the 

parameter could be manipulated in a sense that each of user groups take information 

that is important for them. The latest feature could be that electric could be sold as 

another item in the stores as well. The consumers could then it use more effectively as 

they would use electricity that their monthly budget allow them to use. 

2.9 Smart Home 

Smart home can be used for Home Control home control we need a device to control 

in door temperatures and for security solutions; we need to use smoke and motion 

detectors, communication solution, panic system and passive alarm system. Smart 

Home means that user have an affordable solution, plug & play, easy operation, 

independence of technology and extensibility via mouse click. 
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Smart Home does not mean that we have Complex and incomprehensible technology 

at home which are hard to understand and using of expensive assembler and fitter, 

every time installation of software at computer or laptop, continuous running of 

computer or laptop and other appliances which are not in use. Permanent software 

updates which make communication and equipment slow and extra load on network.  

For Smart Metering solution are used for supporting multiple lines at a time e.g power, 

water, gas, heating and multiple meter vendors. It can also support data acquisition 

from meters, data management and aggregation, taking real time statistics and 

automatic generator reports. In management it covers management of meters and 

communication, automatic installation and changing of meters, errors and alarm 

management. 

Figure 1 show about how smart grid working: 

Here we have one production unit like windmill shown in figure then we have 

transformer which is connected through wires with Grid station and Grid station 

supply power to locality. 

We are using all these in this project because if we say so it will not be wrong that old 

legacy systems does not work anymore and all these above are maintained on new 

computer systems which take less time in implementation and less expensive as 

compare to old legacy systems.   
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Figure 2.1: Smart Grid Architecture 
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Chapter-3  

3. Energy Parameters 
In this ERTP protocol we can use as many energy parameters as we can, Mostly 

companies used current, voltage and phase, but here used other parameters as well, 

which are very suitable in energy.  

The following parameters we used in this project are given below: 

1. Current 

2. Voltage 

3. Phase 

4. Phase Differential 

5. Resource Availability 

6. Line Losses 

7. Amplitude 

8. Amplitude Differential 

3.1 Current 

Electric current is a flow of electric charge through a medium. It is in general carried by 

moving electrons in a conductor such as wire. It can also be carried by ions in 

an electrolyte, or by both ions and electrons in plasma. 

Current as parameter holds great importance in the design and maintenance of any 

energy production unit. The parameter can use for the analysis and as check on the 

production unit. The consideration current as parameter in our design is for the above 

mentioned reasons. In our case we could send the current parameter from production 

unit to consumer level and vice versa. This parameter could give a broader image of 

whole system working ability to engineers at the site and control use of energy. The 

parameter could be of importance to future consumer needs as well. The age belongs 

to more green concerned consumers. Here every consumer wants to know about 

minute details about the product he uses. This parameter could also be used in 
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calculating KWh or in specific the “unit” which is more known to consumers of 

electrical energy as billing for electricity consumption who works with “unit”. 

3.2 Voltage 

Voltage is equal to the work which would have to be done per unit charge, against a 

static electric field to move the charge between two points. A voltage may represent 

either a source of energy or it may represent lost or stored energy. The voltage 

between two ends of a path is the total energy required to move a small electric 

charge along that path, divided by the magnitude of the charge.  

Voltage as parameter holds great importance in the design and maintenance of any 

energy production unit. The parameter can use for the analysis and as check on the 

production unit. The consideration voltage as parameter in our design is for the above 

mentioned reasons. In our case we could send the voltage parameter from production 

unit to consumer level and vice versa. This parameter could give a broader image of 

whole system working ability to engineers at the site and control use of energy. The 

parameter could be of importance to future consumer needs as well. The age belongs 

to more green concerned consumers. Every consumer wants to know about minute 

details about the product they use. This parameter could also be used in calculating 

KVh or in specific the “volts” which is more known to consumers of electrical energy as 

billing for electricity consumption who works with “unit”. 

3.3 Phase 

The phase of any electromagnetic wave is always an important parameter to take into 

consideration. From electrical engineering point of view selecting phase as parameter 

is very essential. The phase could be useful in determine the power. The power that 

consumer knows as term is infect dependent on amplitude and phase of the 

electromagnetic wave that is sent across the cable to be delivered to consumers. Thus 

the phase of electromagnetic wave at production unit could be send across to 

consumers or billing agency to further enhance the user consumption chart. 

3.4 Differential Phase 

The differential Phase is required as a parameter because as the eRTP work on 

different positions of electric supply. So the engineers on each site could reduce the 

value of phase and work as they need it for continues analysis of production unit and 

grid and customer home. This parameter could also used for future analysis of systems 

if the engineers want to include some new parameters. 
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3.5 Resource Availability 

Resource is generic term that could be sending as parameter across the 

communication protocol for energy that we have developed. In case of energy 

production unit there is always a resource like hydro, thermal, wind etc. This 

parameter could give a bird eye view to consumers that how effectively they should 

use their energy at their home or workplace. In case shortage of resource availability 

the users would have an idea to use their power effectively in order they don’t face a 

situation where they shortage in power. This parameter could be more useful in 

sharing concern for proper usage of electrical power rather wasting a lot of money on 

advertisement in TV and paper about proper usage of electricity. 

3.6 Line Losses 

Line losses are major contributing factor in overall usage of electrical power. Line loses 

is term used for the loss electrical energy across the high voltage electrical wires due 

propagation and heating. This term also used for unbilled electrical power. The 

parameter is of use to users and electrical engineers at production unit how much of 

electrical power is wasted per day. This parameter when a cross a specific threshold 

should raise alarm. The electrical company could then important steps to stop these 

line losses as it has very deep impact on the overall usage of electrical power. 

3.7 Amplitude  

The amplitude of any electromagnetic wave is always an important parameter to take 

into consideration. From electrical engineering point of view selecting amplitude as 

parameter is very essential. The amplitude could be useful in determine the power. 

The power that consumer knows as term is infect dependent on amplitude and 

amplitude of the electromagnetic wave that is sent across the cable to be delivered to 

consumers. Thus the amplitude of electromagnetic wave at production unit could be 

send across to consumers or billing agency to further enhance the user consumption 

chart. 

3.8 Amplitude Differential 

The amplitude differential is required as a parameter because as the eRTP work on 

different positions of electric supply. So the engineers on each site could reduce the 

value of amplitude and work as they need it, for continues analysis of production unit 

and grid and customer home. This parameter could also used for future analysis of 

systems if the engineers want to include some new parameters. 
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Chapter-4  

4. Energy Real Time Protocol (eRTP) 
It stands for Energy Real Time Protocol. This protocol is based on iRTP and we can send 

data and voice in this protocol by using UDP. 

iRTP has been designed for minimal communication and computational requirement in 

order to get good results. It could minimize energy consumption and spare time. The 

iRTP packet is shown in Figure 4.1 

 

 

iRTP Packet 

iRTP Header V1 Sq1 D1 ……. Vn Sqn Dn 

15-75B AD 2 Bytes AD …… AD 2 Bytes AD 

Figure 4.1: iRTP packet 

In Figure 4.1 we mentioned how iRTP packet can be send and in iRTP packet we have 

iRTP header and different data voice segments which we want to send. 

 

 

 

eRTP Packet 

eRTP Header V1 Sq1 D1 ……. Vn Sqn Dn 

15-75B AD 4 Bytes AD …… AD 3 Bytes AD 

Figure 4.2: eRTP packet 

In eRTP packet we used the same techniques as iRTP but here we send energy 

parameters and voice and all segment parameters will have specific value while in iRTP 

we don’t have specific value in Bytes. 

Ethernet Header IP Header UDP Header iRTP Packet 

14 Bytes 20 Bytes 8 Bytes ≤ 1472 Bytes 

Ethernet Header IP Header UDP Header iRTP Packet 

14 Bytes 20 Bytes 8 Bytes ≤ 1472 Bytes 
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eRTP is almost similar to iRTP but we will do some changes in data part. eRTP packet 

will have iRTP header plus data and this whole packet size is 1472 Bytes. In data part 

we can send unlimited energy parameters and voice data. In eRTP we are using 4 bytes 

sequence number instead of 2 bytes in iRTP and the sequence number will be reset 

after every 24 hours as explained below, 

We have done with a practical in the KTH forum lab in Kista and we found that we 

have minimum back to back delay of sending the packet in between two computers 

which we connected with cable was 70 micro seconds. 

Below is the solution that why we got 4 bytes sequence number here for 24 hours/day. 

1 packet could be sent in approximately 64 microseconds 

Average back to back delay = 64 microseconds 

1 micro = 1/64 Packets  

1 second = 1/64 * 1000000 

1 second = 15625 packets 

1 hour = 15625*60*60 

1 hour = 56250000*8 

8 hours = 450000000 

1 hour = 56250000*24 

1 Day = 1350000000 

 

Here we will select for a day and sequence number will reset after every 24 hours/day. 

4 Bytes = 32 bit 

Formula => 2^n – 1   (It is for unsigned integer). 

2 ^n - 1 = 1350000000 
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Here for finding the value of n we will take log base 2 on both sides and from the 

calculation we got the log base 2 of 1350000000 is equal to 31.201058 bits, In bits we 

always select round figures so we took 4 bytes = 32 bits. 

In this report we will send just 8 parameters which are mentioned above. For each 

parameter we have segments and in each we have Sequence number and energy data. 

By using sensors on substations and wind mills it can send data automatically.  

The eRTP figure 4.3 is given below: 

Here we have one production unit like windmill shown in figure then we have 

transformer which is connected through wires with Grid station and Grid station 

supply power to locality. We have computers and mobile phones which are used by 

people in locality and can access web server and Data base. 

 eRTP is connected with Windmill, Grid station and Data base, So it will send 

parameters from one unit to another and also send it to Data base so these 

parameters are accessible by the user in locality and they can send/receive or see it. 
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Figure 4.3: SMART Grid using eRTP 
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Chapter-5 

5. Results 
In the below figure 5.1 we can see about the parameters and how many bytes they will 

use per parameter. Here we are sending a packet of 1472 bytes in which we are 

sending 8 parameters and it is the same packet size which we have in iRTP. It could be 

increased or decreased but it depends on how much parameters we are going to send 

per packet. We used a legacy code of iRTP suited for multicore. 

 

No Parameters Definition Unit No of Bytes 

1 Current Current is defined as the rate of 

flow of charge on the path. 

Ampere 4B 

2 Voltage  Electromotive force or potential 

difference, usually expressed in 

volts. 

Volts 2B 

3 Phase A phase is a region of space 

throughout which all physical 

properties of a material are 

essentially uniform. 

Radians 2B 

4 Phase differential Phase difference is the 

difference, expressed in 

electrical degrees or time, 

between two waves having the 

same frequency. 

Radians 2B 

5 Amplitude The maximum magnitude of the 

disturbance of a wave. 

( ) 2B 

6 Amplitude 

differential 

Different between the 

disturbance of wave 

() 2B 

7 Line losses It is used to find how much the 

electricity lost. 

Volts 2B 

8 Resource 

availability 

To check the available resources percentile 2B 

Figure 5.1: SMART Grid using eRTP 
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Maximum Current = 11000 volts  [10] 

11000 volts = 28.64 A 

So we will take double integer for this and it is 4 bytes because ampere could be in 

decimal. 

For Volts we took 2 bytes because it is unsigned integer and in 2 bytes we can take 

values from 0 – 65535. 

For phase we took 2 bytes because we will have it from -180 degree till +180 and 

signed integer is used for it from – 32768 till + 32767. 

For Amplitude we took 2 bytes because amplitude is the maximum value or peak value 

of graph so it could be anything from 0 – 65535. 

For percentile we have 2 bytes and it is unsigned integer from 0 – 65535. 

For line losses we will use 2 bytes because its unit is volts. 

5.1  Sender 

The sender would be responsible for checking the data on the system. It also control 

the sequence numbers and packet flow. The format of eRTP packet is also control by 

the sender. In our case it acts as client. 

5.2  Receiver 

The receiver acts as a server. It listens to communication or packets that are directed 

towards receiver. It also checks that the data which maybe voice or texts are received 

in proper format. The packets are checked for control sequence order. Display 

information received from sender in user readable format. So we can send different 

data and it depends on the use of parameters and data which will send by substations 

or windmills. 

5.3 Delay 

Figure 5.2 show about back to back delay of packets which we got during test in KTH 

forum lab in between two lab computers on a wired connection. It is in micro-seconds 

and it could be more in a large networks, it could be in milliseconds. Its average delay 

on two computers is 64 microseconds. For graph we took 6 packets from which we got 

average delay of 64. X-axis are the packets from 1 to 6 while Y-axis is from 0 – 100. 
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 Figure 5.3 we have lab test image which we got in wireshark from which we calculated 

this back to back delay.  

 

 
Figure 5.2 Back to back delay in microseconds 
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5.3 wireshark image during lab test for back to back delay 

Here for graph we took first six packets from 153 – 158 from which we got the average delay 

64 micro seconds. 
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Chapter-6 

6. Conclusion and Future Work 

6.1  Conclusion 

The report focuses on both networks for energy and electric power. Nowadays the 

world has more focus on energy and power because it is the main need of human 

being without this the life will be very difficult because almost everything depend on 

electricity and other energies. We used a legacy code of iRTP suited for multicore.  

We made new energy protocol for power substations and windmills, and for 

communications among all stations in which we can send or receive data and voice. 

Above we investigate 8 parameters which we would send by a new protocol called 

eRTP and it is based on iRTP protocol and in the mean while we can make call as well 

for voice communication, on transport layer we use UDP for communication of this 

protocol . There are some advantages and disadvantages of eRTP. In the above figure it 

is mentioned that we need 3 eRTP clients, in which one is on windmill or substation, 

one is on grid station and the third one is on Database. Advantages are that now we 

have separate protocol for energy and electric power communication it will consume 

energy and time, while the disadvantage is that it is a bit hard to implement because 

we will make changes in the old legacy systems or exciting systems which is possible 

but it will take a lot of time and costs. 

6.2  Future Work  

This eRTP protocol is made for energy data transmission in between substations and 

windmills. We need to implement the modular code on Multicore server and clients. 

We can also implement to take data directly from sensors and transmit it to other 

stations. 
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