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ECTI President Message:
As the new ECTI Association president who will take this post from 2016 to
2017, I do hope this ECTI E-magazine still serves you well. It is entering its tenth year
now. From its first published issue in 2007 to the end of 2015, the magazine has
completed its nine years of age. It has gone through several changes and
development. While keeping the flavor of leading-edge article as well as the
Association’s news updates such as conferences and other related events, the
magazine has transformed itself to the international version since July-September
2013 issue. This marked the international move of the association. The commitment
of AEC (ASEAN Economic Community) launched lately has sent a signal to all ASEAN countries that we have to
work more closely and economically with the super goal of mankind happiness and prosperity. The association,
likewise, responds to this challenging issue. While carefully repositioning ourselves, we are also fostering the
academic cooperation with our neighbors. The ECTI journals, ECTI-EEC and ECTI-CIT, are more recognized and to
be included in the international citation index shortly. We are having more international members and we are
taking care of them more closely. Not only the membership development and the internationalization that the
association will focus on, but also the all-year round seminars, workshops and special lectures will be implemented
by our Chapters and Sections. We have set up 6 new sections, Northern section, North-Eastern section, Southern
section, Myanmar section, Laos section, and Cambodia section. Sections will have their own activities and tie up
closely with the ECTI Headquarter (HQ).
Let me also take this opportunity to remind you all about the upcoming conferences. We are going to have
ECTI-CON 2016 in Chiang Mai from June 28th to July 1st this year. In addition, we are preparing for ECTI-CARD 2016
at Hua-Hin during 27-29 July. And of course, the ISPACS 2016 is not so far away. It will be held in Phuket during 2427 October 2016.
Enjoy the magazine! I look forward to seeing you in the upcoming conferences.

ECTI President
Somsak Choomchuay (King Mongkut’s Institute of Technology Ladkrabang)
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Abstract
To support the emerging of smart grid technology, a reliable and real-time communication capability are
required. An advance metering infrastructure (AMI) is the application of smart grid that provides the data
communication between the customers’ smart meter to the utility in order to support several function such as a
balancing of electricity generation according to the demand of customers. Since the data in the network need to
be transmitted effectively, a high performance of routing protocol needs to be implemented as a routing
algorithm. The main contribution of this paper is to give a comprehensive study of RPL protocol in for smart grid
network. Due to the merits of RPL protocol, it meets the overall requirement of routing protocol for smart grid
network.

Keywords: Cognitive radio, spectrum sensing, Noise uncertainty, Path loss
1. Introduction
In the traditional power grids, power that is generated from a few central generators carry to a large number of
users or customers. On the other hand, Smart grid (SG) uses bidirectional of electricity and information to create
an automated and distributed advanced energy delivery network. SG is the next-generation of electric power
system since 2005. Therefore, the smart grid becomes one of the fast growing research topics [1-11] because the
system is a promising as a solution for energy crisis. In [1], the main advantages of smart grid — a managing of
demand response and demand side through the integration of smart grid devices and providing of information
related to energy use and price to customers — are presented. One of the important features of the smart grid is
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the integration of secure, high-speed and reliable data communication networks to manage the complex power
systems intelligently and effectively. Thus, smart grid has harsh and complex environmental conditions,
connectivity problems, dynamic topology changes, and interference and fading issues during wireless
communication. It is difficult to design the information and communication technologies (ICTs) system for the
overall power grid. Thus, the choice of communication infrastructure for smart grid is highly critical to provide
reliable, secure, and efficient data delivery between smart grid components.
The communication infrastructure between devices in SG system including energy generation, transmission,
and distribution and consumption needs two-way communications, interoperability between advanced
applications and end-to-end secure and reliable communications with sufficient bandwidths and low-latencies
[2-11]. Such important communication and networking technologies may be applicable in future smart grids. Six
important communication types [2] include wireless mesh network, such as WiMAX, cellular communication
system, such as GSM, WCDMA, and CDMA-2000, wireless communications based on 802.15.4 (ZigBee,
WirelessHART, and ISA100.11a), microwave or free-space optical communications, fiber-optic communications
and power line communication (PLC). The first four communication technologies are the wireless communication
and the last two technologies are the wired communication. The compare the performance between wireless
technologies and wired technologies for smart grid are considered in [3]. They can conclude that the wireless
communication technologies have significant benefits more than wired technologies because the wireless
communication has low installation cost, rapid deployment, mobility, and more suitable for remote end
applications. In [4-5], they study the performance of the current communication technologies that are applied to
smart grid. They found that the current communication capabilities of the existing power systems are limited to
small-scale local regions and these methods implement basic functionalities for system monitoring and control,
which do not yet meet the demanding communication requirements for the automated and intelligent
management in the next-generation electric power systems. Therefore, a key point in the success of smart grid
technology is how to meet the complicated requirement in the communication. It demands high communication
quality and energy efficiency while taking care of the system expenses and bandwidth. The bandwidth is needed
to manage, store and integrate the large amounts of data that smart devices will produce.
Advance metering infrastructure (AMI) application, which provides a two-way data communication between
customers’ smart meters and back-haul system of utility. The information between utility and customers plays as
an important role for a balancing of electricity generation according to the demand of customers. Recently, there
are two technologies — ZigBee [12-13] and WiFi [14-17] — that are widely studied in order to be implemented in
an AMI network. Therefore, routing protocol is considered as vital algorithm that is used to satisfy the
requirement of AMI communication network including reliability, real-time delivery and flexibility. Therefore, we
give a comprehensive study of routing protocols [18-34] — ad-hoc On-Demand Distance Vector routing protocol
(AODV) [21-22], destination-sequenced distance vector (DSDV) [23], dynamic MANET on-demand (DYMO) [24-25],
topology unaware routing (TUQR) [26] and IPv6 routing protocol for low power and lossy Networks (RPL) [27-34]
— for smart grid network. From the studied, we found that RPL protocol can be satisfied the requirements of
several applications of smart grid including smart home, smart monitoring and a real-life outdoor smart grid
substation network due to its merits such as low delay, scalability, small database and low complexity.
Moreover, the RPL protocol can be used to communicate various communication technologies directly,
which is the main purpose of smart grid network.
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The remainder of this paper is organized as follows. Section 2 describes the basic theory of smart grid. In
section 3, the details of five routing protocols are shown. The routing performance is discussed in section 4.
Finally, the conclusion is presented in section 5.

2. Smart Grid
To support the noticeable increasing in an electricity demand, the electrical grid of the 21st Century, smart grid,
is proposed. The smart grid [1-11] aims to address the challenges of the traditional electrical grid by improving the
grid efficiency, reliability and safety through several applications such as demand side management, power outage
detection, overhead transmission line monitoring, advance metering infrastructure (AMI) and etc. To achieve the
objective of the proposed smart grid technology, high reliability of communication technology is required because
the communication network is integrated to the smart grid infrastructure. Since the main concept of smart grid
communication is two-way communication, the two most important requirements about the communication
capability are reliability and real-time information transferring.
In general, two main communication infrastructures — wired and wireless — are proposed to be used for the
communication between the utility and smart meters. However, based on some constraints of the implementation
of wired network such as difficult of installation, then the wireless communication seems to be an appropriate
infrastructure to be implemented in practical. In this paper, we focus on two wireless technologies including
ZigBee and WiFi.

2.1. ZigBee

ZigBee [12-13] is a wireless communication technology which is specified for a low power communication
network — wireless personal area network (WPAN). ZigBee operates on a 2.4 GHz of the industrial, scientific and
medical (ISM) radio bands specified by an IEEE 802.15.4 standard. The merits of ZigBee are that it can be used
easily with low complexity, operates with low-power and requires little maintenance. Generally, ZigBee can be
used as an application such as home automation, wireless sensor networks (WSN), industrial control, embedded
sensing, medical data collection and building automation. Moreover, ZigBee is the most interested technology that
suggested to be used in some application of smart grid including smart lightning, energy monitoring, home
automation, and automatic meter reading, etc.
Normally, there are three types of node in a ZigBee network — Coordinator, Router and End devices. The
coordinator is determined as a root of network tree and is the component that connects its network to the other
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networks through the coordinator of those networks. The operation and operating parameter of the network are
initiated and selected by the coordinator. Moreover, the information, such as security key, can also be stored at
the coordinator. The router plays as an intermediate node, which forwards the data traffic to the other nodes. The
end node is a low power device that gathers the data traffic from the router. This kind of device activates only the
time that it wants to receive/transmit the data traffic.
2.2. WiFi (IEEE 802.11)

WiFi, or IEEE 802.11 [14-17] is the most accepted standard for wireless local area networks (WLANs). There are
several versions of IEEE 802.11 — 802.11a, 802.11b, 802.11g, 802.11n and 802.11s — are used recently. Normally,
WiFi operates on two frequency bands 2.4GHz ISM and 5GHz. Three modulation techniques — direct-sequence
spread spectrum (DSSS), frequency Hopping Spread Spectrum (FHSS) and orthogonal frequency-division
multiplexing — work with Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) protocol on the MAC
layer in order to prevent a data collision in a random access mode. Two communications infrastructure is
implemented with WiFi technology including ad-hoc network and infrastructure network.
In smart grid network, 802.11s [16] for wireless mesh network is desired by IEEE 802.11s TG (Task Group) who
presents an architecture, routing on MAC layer and for routing and set HWMP (Hybrid Wireless Mesh Protocol) for
mesh network [17] in order to be used in smart grid network.

3. Existing routing protocol
In order to forward the data from a source to the destination on the appropriate path, a routing protocol [1834] is a vital function which is used to determine the path for the transmission. Three main tasks of routing
protocol are including learning of available routes for the transmission, generating the routing table and
determining the best route for the transmission. The two main requirements for the routing protocol performance
are reliability and low-latency. In this section, we give basic theoretical and individual merits/demerits of five wellknown routing protocols including AODV, DSDV, DYMO, TUQR and RPL.

3.1. Ad-Hoc On-Demand Distance Vector routing protocol (AODV)

AODV [21, 22] is a reactive routing protocol, which is proposed to be used in a mobile ad-hoc network
(MANET). Fig.1 shows a structure of AODV protocol. Through AODV protocol, the data packet in a network is
transmitted on-demand. To route the data traffic to the destination, AODV builds the route for data
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transmitting only when the transmission is required. Firstly, a node who wants to send the data broadcasts a
request message — route request (RREQ) — across the network. Nodes who receive the message will record
the nodes which also received the received RREQ message and forward the received RREQ message to other
nodes. Once the RREQ message reaches to the destination node, the node will determine the most
appropriate route and reply the message — route reply (RREP) — back to the source through the selected
route. Then, these nodes will set up to route to reach the data from the source to the destination by using
generated routing table. In addition, the route can be update if the source finds the better route.

RREQ

1
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7
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2
6

RREQ
3

4

Fig.1. A structure of AODV protocol.

On the other hand, once the generated route fails which may be caused by link failure, the message —
route error (RERR) — is generated and broadcasted to other nodes in order to update the routing table and
re-route. By broadcasting the message over the network, the overhead of control message is dynamic and
causes delay in the routing mechanism initiation.

3.2. Destination-Sequenced Distance Vector (DSDV)

DSDV [23] is a proactive routing protocol where routing information is stored in the routing table and this
information is updated periodically. Each node is contained with a routing table where the information about
next hop, metric, destination nodes and a sequence of node reaching to destination itself is contained in the
table.
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Fig.2. A structure of DSDV protocol.

As shown in Fig.2, to forward the data traffic to the destination, firstly, a source node transmits data traffic
to the next node selected by using its routing table where the table is contained with all available destination
nodes in the network, number and sequence of nodes to reach those destination nodes. Once the neighbor
node receives the data traffic, it will check the destination node. If it is the destination, it will keep the data.
Otherwise, it will check the next node in order to forward the data traffic. This data forwarding mechanism is
repeated until the data traffic reaches to the destination. It should be noted that the solid line is an
established route for data traffic forwarding and the dash lines are the available routes.
In DSDV, nodes in the network have to broadcast its routing table to the neighbors periodically in order to
update the route of data in the network. The routing table updating mechanism can be done either timedriven or event-driven mechanism. The demerits of DSDV protocol is that once the network becomes bigger.
The routing table is also bigger according to the size of network. Then, the network requires a large size of
bandwidth to update the routing table according to the member in the network.
3.3. Dynamic MANET on-demand (DYMO)

DYMO [24, 25] is a routing protocol which benefits both reactive and proactive routing protocol
mechanism. DYMO uses an AODV protocol as a basic theorem in order to make it easier to be implemented
in practical network than AODV. To improve the routing performance, DYMO focuses on some mechanism —
path accumulation of dynamic source routing (DSR) protocol — and ignores some control message — route
reply (RREP) message of AODV — of conventional routing protocol.
DYMO proposes two new mechanisms, route discovery and route maintenance, to improve the routing
performance. In the route discovery mechanism, a source node finds the route to the destination by
broadcasting the RREQ message over the network when the source node wants to transmit the data traffic.
Once a neighbor node receives the RREQ message, the address of the source node is recorded before
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forwarding the message to other neighbor nodes. After the RREQ message reaches to the destination node, it
replies the RREP message to the source node. The nodes which receive the RREP message will record the
route. Once the source node receives RREP message, the route is established completely. For route
maintenance mechanism, the source node will be notified by RERR message since the route is broken. After
the RERR reaches to the source node, the source node will re-discover the route again. Fig.3 presents a
structure of DYMO protocol. Forwarded solid lines are the RREQ message that is transmitted by N2. Since the
destination node (N9) receives the message, it replies the RREP message to N2 through N6 and N1.

N6

N9

N1

N4

N7

N10

N2

N5

N3
N8

Fig.3. A structure of DYMO protocol.

3.4. Topology Unaware Routing (TUQR)

TUQR [26] is a new routing protocol whose aims to keep all available routes as much as possible in order
to reduce an effect from suspicious environment. To support the mechanism of TUQR protocol, the node
must capable of supplying information such as delay time and average time of packet queuing and priority of
outgoing packet queuing which is contained in header. In TUQR protocol, both source node and other node
do not have any knowledge about data traffic route. The route is followed by the data traffic itself. In the
network, an only knowledge, which is known by the nodes, is the address of their neighbor that can forward
the data to the desired destination. The main constrain of the data traffic forwarding is the transmission
delay. The neighbor node is picked by the node selecting by current local connection status and given delay.
This mechanism is repeated until the destination node receives the data traffic. Each node in the network of
TUQR protocol, the quality of service (QoS) routing table (QRT) which is used when routes the data traffic to
the destination must be stored in the node. There are three types of information that is contained in the
table including destination list, delay constraints list and next-hop node list.
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3.5. IPv6 Routing Protocol for Low Power and Lossy Networks (RPL)

RPL [27-34] is a routing protocol based on a distance vector routing protocol developed by the Internet
Engineering Task Force (IETF) for low power and lossy networks (LLNs), i.e., urban area. The merits of RPL are
the flexibility of designing and supporting to various applications. Constructed by a numbers of low-power
devices, RPL is proposed to route the traffic of data to destination over the large-scale networks. Aims of RPL
are to reduce a size of database, reduce a complexity of routing mechanism, reduce a wasted signaling
overhead and increase an efficiency of link discovering.
The main concept of RPL is a using of a single or multiple directed acyclic graphs (DAG) to maintain a state
of network information and to construct the routes without an existing of cycle. Generally, nodes in the RPL
network can be categorized into three types including root, router and client. Normally, root node is defined
as a gateway who connects RPL network to other networks. Router advertises the information of a topology
to neighbors. Client is the node who has not a duty to send the DIO message; it can only join the existing
topology, DODAG.

Meter

DIO

DAO

ROOT

Meter

Meter

Fig.4. A structure of RPL protocol.

To route of data to the destination, RPL constructs a graph — destination oriented directed acyclic graph
(DODAG). As shown in Fig.2, first, a root of RPL broadcasts control messages, DAG information option (DIO)
that contained with a rank of broadcasting node, objective function (OF) and DADAG-ID. These messages are
used by a node in order to discover an RPL, e.g., the node uses DIO messages to select the DODAG parents.
Second, once a node who desire to join DAG receives DIO message. It has to run an algorithm in order to
select an appropriate parent by adding the information —nodes travelled by DIO — to its parent list. Then,

ECTI Association: Sirindhorn International Institute of Technology
131 Moo 5 Tiwanon Rd.,Bangkadi, Pathumthani 12000,Thailand

Website: http://www.ecti-thailand.org/
FB: https://www.facebook.com/ecti.thailand

ECTI E-magazine: Vol. 10, No. 1, Jan-Mar 2016

P a g e | 11

the node computes its rank corresponding to the parent node. If the node is the router, it has to update the
DIO message and broadcast the message to neighbors. The computed rank is corresponding to the objective
code point (OCP) which identifies as OF. It should be noted that OF defines the metrics and constraints.
Therefore, the parent is selected depending on rank, local link quality, cost of path and advertised OF. The
node which has lower rank will be determined as parent candidate. Once DAG is constructed, each node can
send the data traffic to the root by selecting the most appropriate parent as the upward hop.
On the other hand, when a node who already joined the DAG receives others DIO messages, it may
discard the received DIO message, maintain its position in the DAG or improve its rank since it has a lower
rank constrained by OCP and path cost. Moreover, client may broadcast a message — destination
advertisement object (DAO) — who contains a rank and reverse root to the root in order to construct the
path from root to the node. RPL also proposes a route repairing mechanism — global and local repairing
mechanism. For global repair, the root will broadcast a new sequence number, which contains a lot of
overheads to repair a broken node or find a new parent. On the other hand, for local repair, a node starts
broadcasting a message to its neighbors (downward path) for link recovery. Then, the node will broadcast a
control message — DODAG information solicitation (DIS) — for its neighbors to inform that they have to start
broadcasting DIOs to modify their parents list. Hence, the routing graph is fixed locally.

4. Discussions
In this section, we first analyze the routing performance of a RPL protocol as compared to existing
protocols including AODV, DSDY, DYMO and TUQR. Second, we discuss the RPL protocol in a ZigBee
network. Finally, we discuss modified RPL protocol and the demerits of RPL protocol, which may be
modified in order to its routing performance.
Generally, the routing performance is evaluated through two main factors including packet delivery ratio
(PDR) and average end-to-end delay. PDR refers to the ratio of successive received data to the actual
transmitted data. Normally, the PDR may decrease as a path quality. Average end -to-end delay is the time
that the transmitted data is received completely. The average end-to-end delay may increase due to the
network size or the distance between source node and destination node. In addition, to reduce an energy
consumption, the overhead of data packet is another factor that can be used to routing performance.
From our studied, we first investigate the performance of four well-known routing protocols — AODV,
DSDY, DYMO and TUQR — to determine the protocol that can be used as the benchmark. Then, the
benchmark protocol is compared to the RPL protocol. As mention in [19], TUQR gives the highest rate of
PDR while DYMO and DSDV is the second and third, respectively. The AODV is the routing protocol that
gives the lowest rate of PDR. Moreover, in [25], the routing performance of DYMO is compared to AODV
comprehensively. As mentioned earlier, DYMO is an improvement of AODV where DYMO adapts the route
depending on a network changing by determining the routes between source and destination through
unicast mechanism. The DYMO is shown to be the better routing protocol in perspec tive of PDR because it
reduces the using of RREQ message when it is not necessary.

ECTI Association: Sirindhorn International Institute of Technology
131 Moo 5 Tiwanon Rd.,Bangkadi, Pathumthani 12000,Thailand

Website: http://www.ecti-thailand.org/
FB: https://www.facebook.com/ecti.thailand

ECTI E-magazine: Vol. 10, No. 1, Jan-Mar 2016

P a g e | 12

On the other hand, in perspective such end-to-end delay, DYMO and DSDV give the less number of delay
as compared to TUQR and AODV. However, when takes the energy consumption in the account in order to
determine the routing performance, they are not shown to be an interested candidate to be implemented
in practical network such smart grid. Because of both DYMO and DSDV consume high energy consumption.
From these evident, we found that an average performance of routing protocol that should be used as a
benchmark to compare to RPL protocol is the AODV.
Then, we discuss the routing performance of RPL to AODV comprehensively. As described in [29], per node packet delivery ratio of RPL is robust to the distance while AODV is sensitive (decreases as an
increasing in distances) Per-node end-to-end delay of RPL is less sensitive to the distance than AODV. The
end-to-end delay of AODB increases as an increasing in distance [30]. This is because the control message,
RREQ, has to be broadcasted over the network when it want to forward data traffic. Once the network
becomes larges, the distance from source node to destination also increases. Then, the end -to-end delay of
a route, which establishes far-away destination node, increases significantly [31].
As implemented RPL and AODV in smart meter of smart grid network, RPL outperforms the routing
performance of AODV as simulated in large-scale smart meter network especially when congestion is too
probable [32]. In addition, RPL seems to be the better choice in scalability. AODV is heavily vulnerable from
scalability in PDR and latency. As implemented RPL protocol in a smart monitoring application [33], RPL
shown to be an interesting candidate for smart grid since it adapts efficiently to topology changing and can
adapt routing knowledge rapidly. In [34], the RPL protocol is implemented as a routing protocol in a reallife outdoor smart grid substation network. RPL performs in a satisfyi ng level of delay and control overhead
providing a rapid repair of corrupted links. Trickle timer manages control overhead efficiently lower in
proportion to data packet. Using local repair performs much quicker in repairing local connection
disruption than global repair mechanism.
As mentioned of all above, the RPL is the best protocol to be implemented as the routing protocol for smart
grid networks. This is because RPL protocol achieves the constraints of ZigBee including a performance of limited
power, memory, and processing. Moreover, the RPL can be used for the large-scale network such as NAN or WAN.
Therefore, we strongly believe that RPL is a good candidate routing protocol for smart grid network. Nevertheless,
the RPL protocol cannot be implemented to smart grid perfectly because there are some demerits, e.g., it cannot
support multiple gateway, the OF function of RPL also cannot support the peer-to-peer of large-scale network
such as NAN and the DAG cannot support a real-time environment.

5. Conclusions
In this paper, we give a comprehensive study about the routing protocol for smart grid communication. We
focus on five well-known routing protocols AODV, DSDV, DYMO, TUQR and RPL. Firstly, the merits/demerits of
these protocols are presented. Secondly, we analyze the performance of these protocols and found that AODV
should be used as the benchmark in order to evaluate the routing performance of RPL. From the studied, we
found that due to the merits of RPL, it would be the best protocol to be implemented as the routing protocol for
smart grid networks. Nevertheless, the RPL protocol cannot be implemented to smart grid perfectly because there
are some demerits, e.g., it cannot support multiple gateway, the OF function of RPL also cannot support the peerto-peer of large-scale network such as NAN and the DAG cannot support a real-time environment.
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Report from Conferences/Workshops/Seminars/Events
1. ECTI Committee Meeting
The first general ECTI Committee Meeting (1/2016) was held at Asia Hotel, Bangkok, and the newly
elected ECTI members were approved at the meeting. The list of all committee members, staffs and
editors can be found on the Who’s Who section (Pg. 27).

2. Workshop on “iEMAT Winter EM School” at King Mongkut’s Institute of
Technology North Bangkok (KMUTNB), Bangkok. (Reported by Prof. Danai
Torungraeng)
The Workshop on “iEMAT Winter EM School” was organized by iEMAT, under TC(Electromagnetics), on
January 22nd, 2016, on the campus of KMUTNB. It was also sponsored by ECTI Association, IEEE
MTT/AP/ED Thailand Chapter and ThaiCom. There were 6 speakers and 257 registrants.
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3. Lecture at Yangon Technical University, Myanmar. (Reported by Prof. Kosin
Chamnongthai)
A special ECTI lecture was organized at Yangon Technical University, Myanmar on Jan. 22nd, 2016. Over
thirty attendants participated at this event.
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4. Workshop on “Research paper writing” at Rajamangala University of Technology
Lanna. (Reported by Prof. Kosin Chamnongthai)
A special ECTI workshop was organized at Rajamangala University of Technology Lanna on Jan. 21st, 2016.
Over thirty attendants participated at this event.
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5. Workshop on “Research paper writing” at National University of Laos. (Reported
by Prof. Kosin Chamnongthai)
A special ECTI workshop was organized at National University of Laos, on Jan. 26th -27th, 2016. Over
twenty attendants participated at this event.

6. Workshop on “Research paper writing for graduate students” at Mandalay
Technological University (MTU), Myanmar. (Reported by Asst.Prof. Sataporn
Promwong)
A special ECTI workshop was organized at Naitonal University of Laos, on February 7th, 2016. Over thirty
attendants participated at this event.
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Call for Participation
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