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  Abstract⎯As the smart home is the end-point power 

consumer, it is the major part to be controlled in a smart 
micro grid. There are so many challenges for 
implementing a smart home system in which the most 
important ones are the cost and simplicity of the 
implementation method. It is clear that the major share 
of the total cost is referred to the internal controlling 
system network; although there are too many methods 
proposed but still there is not any satisfying method at 
the consumers’ point of view. In this paper, a novel 
solution for this demand is proposed, which not only 
minimizes the implementation cost, but also provides a 
high level of reliability and simplicity of operation; 
feasibility, extendibility, and flexibility are other leading 
properties of the design. 

 
Index Terms⎯Field programmable gate array, 

HomePlug network, intelligent control system, low cost, 
peak clipping, smart home. 

1. Introduction 
With the rapid increase in the number of power 

subscribers and the subsequent increase in using fossil fuels 
power plants, environmental pollutants would be resulted 
inevitably. As the arguments of optimizing consumption are 
focused on governments’ plans, the need of distribution 
monitoring and control systems became more significant, 
which cannot be achieved without the infrastructures of a 
flexible smart network. On the other hand, the final 
consumer’s behavior plays a vital role in the consumption 
control and optimization, and changes in the final consumer 
pattern and optimizing consumption at the end-point of the 
network can yield useful results in the peak clipping 
argument[1]. Therefore, in making a smart network, 
designing and implementing smart houses will be taken 
much more into account. One of the most important 
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problems in designing a smart home is the total cost of the 
design which decides the propensity or lack of propensity of 
smart homes builders; on the other hand, from consumers’ 
viewpoint, a plan is acceptable which has the least cost, the 
highest ease in implementation and utilization, the highest 
efficiency, maximum reliability, and network security. The 
main share of the implementation cost and also the ease of 
performing a smart home design are connected to the type 
of internal network using in it. In this paper, a new idea for 
preparing the most suitable internal network infrastructure 
of a smart home with a comparison between common 
methods have been represented and it is shown that the 
proposed design is the most optimum method in terms of 
the implementation cost, performance, and utilization with 
the highest reliability and network security.  

In general, an energy control system of a smart home is 
divided into 4 major sections including the central 
processor server, internal communication network between 
the server and equipments, the user interface, and finally the 
external communication network for remote control of the 
internal system. Considering the point that the internal 
communication network determines the type and feature of 
the server is important because it shares the highest amount 
of cost in designing and implementing a smart home. 

2. Internal Communication 
Networks  

The internal communication network of the control 
system of a smart home is basically in two forms: wired and 
wireless; both of which are used currently and each has 
different types of advantages and disadvantages. The wired 
network includes Ethernet, universal serial bus (USB), 
IEEE1394, Home Phoneline Networking Alliance 
(HomePNA), and HomePlug, and the wireless network 
includes wireless standard IEEE802.11, Bluetooth, 
HomeRF, ZigBee, and ultra wide band (UWB)[2]. The 
Ethernet and USB are designed as two types of well-known 
networks and are almost exploitable with a low cost; of 
course networks with an Ethernet platform require 
expensive modulus. On the other hand, to utilize them in an 
internal network of a smart home, we are required to do 
extra wiring. HomePNA is a network in which data 
transition is done by telephone lines and it is mostly used 
for Internet networks. While telephone wiring is not 
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available for electric equipments in all points of the house, 
the need for rewiring is considered. The high cost and low 
bandwidth are of other disadvantages of this network. The 
IEEE1394 interface “is a serial bus interface standard for 
high-speed communications and isochronous real-time data 
transfer”[2], and wide bandwidth and the ability of 
transferring huge amount of audio and video real-time data 
are the important properties of this interface. The cost of 
executing the network is low yet the data transfer range 
limit (about 4.5 m[3]) and the need of wiring are among its 
disadvantages. WiFi, Bluetooth, and UWB networks are 
comparable in terms of the range, reliable capabilities, 
network security, and low signal interference. But power 
consumption and price of WiFi network is higher than those 
of the two other types and the bandwidth of UWB network 
is wider than that of the two other; the quality of 
non-cross-talk in UWB network is comparable to wired 
networks. The application of these three networks will be 
optimum in computer networks where high volume of data 
is exchanged. HomeRF is a network with high accuracy of 
transfer but no cross talk of signals and no problem in 
passing through the barriers are of the dominant qualities of 
this network. The range of data transfer for this network is 
about 100 m in open space and 30 m in closed space[3], 
which seems to be suitable for the purposes of the smart 
home. But the high cost of modules required by such 
networks results in the pale role of it in implementing a 
smart home. In the meantime, ZigBee, and HomePlug, 
and/or power line communications can be taken as suitable 
candidates for implementing smart home projects. The low 
cost, low power consumption, and low structural 
complexity and the range about 100 m[3] are the 
characteristics of ZigBee. On the other hand, the low data 
rate of ZigBee network is one of the disadvantages of it. No 
need for wiring, accessibility at all points of a smart home, 
easy and fast installation (without any general changes in 
the inner structure of the houses), the extendibility and also 
the multipliable specialty are among the most important 
qualities of HomePlug networks. Since the data transfer 
system uses the power network lines as the data transfer 
platform, there will be no need for wiring costs as well as 
the arrangement and interior design of the houses. But the 
critical disadvantage of a HomePlug network is the high 
cost of a central server which outweighs many of its 
qualities. 

In glance at a variety of different networks used in 
implementing control system of a smart home, it is seen that 
each of them has advantages and disadvantages, so we 
cannot definitely reject any of them. In general, a control 
system ensures its flexibility and extendibility due to being 
free from extra wiring and alternatively using the low-cost 
strategies. But they may face low network security and 
some implementation with difficulties. However, the wired 
control system has less flexibility due to wiring 
uncontrollability, hence, they cannot be comparable to 
wireless networks. 

So a system which is a combination of wired and 
wireless networks will be the optimum network. This 
network must have characteristics like reliability, quick 
responsiveness and sustainability, feasibility of 
implementation, flexibility, and maximum extendibility 
with the lowest cost. 

3. Design Properties 
3.1 Low Power Consumption 

In this design, with respect to the fact that all elements 
of the electronic section work at the DC voltage supply of  
5 V and also all applied elements are of low power types, 
the power consumption of the whole structure is so low. 
Table 1 gives approximate information about the power 
consumption of different parts of the design. As it is seen, 
the power consumption of this system is so trivial, at the 
same time, if entering the sleep mode when they are not 
used, power consumption will be reduced to 20% of the 
usual amount. 

According to Table 1 and the data of [4], the 
consumption of one common programmable logic 
controller (PLC), which is used to implement a HomePlug 
system, is always more than 9 W (only for setting up a 
server without any load). Compared with the consumption 
of the proposed system, which is about 3 W for the whole 
system with 10 loads controlled, the common PLC system 
is considered inefficient.  

3.2 Simplicity, Low Cost, and Small Size 
Regarding using low power elements in different parts 

of the system and also simplifying the proposed structure, 
the final cost of implementation will be low. The high 
amount of cost, which is mainly because of the devices used 
to implement the infra structure of data transfer, is the only 
disadvantage of the HomePlug method in comparison with 
other methods for the implementation of a smart home, but 
it is conquered in the proposed structure. The sizes of 
different parts of this system (except the central server 
whose size is bigger because of the presence of the liquid 
crystal display (LCD) and keyboard) are less than 10 cm2, 
which provides the opportunity of implementation with 
large number loads. 

Table 1: Power dissipation of each part 
Part name Power dissipation (mW) Numbers

Server (LCD and LEDs 
excluded) 17 1 

Modulator

SSR* (while 
switching) 1 2 
Controller & 
oscillator 10 1 
Buffer & level 
shifter 108 1 

Detector

Clipper 200 
In number of 
loads under 

control 

High-pass 
filter 50 
Edge detector 
& controller 10 

Total (for 10 loads to be 
controlled) 2.8 W 

* SSR: Solid state relay.  
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3.3 Extendibility 
Because the designed system is a complete 

communicational platform and the existing processor in the 
server can command the whole system separately, in case of 
need to any extension, only the programmable software 
should be changed and optimized without any hardware 
changes. For example, issues related to the home generation 
such as solar-cells (PV) and fuel-cell (FC), and whatever in 
which there is a need for sending extra information about 
switching on/off commands, can be attached to the system 
easily. 

3.4 Concurrent Process and Remote Controlling 
The server processor, which is field programmable gata 

arrays (FPGAs), processes all the information related to the 
sensors, user commands, connection to the computer, 
necessary processes, and commanding system at the same 
time and according to its vast capability, increasing the 
number of its processes with high speed is also possible. 
Meanwhile, user links to this structure is easily transferred 
by the Internet and cell phones, which provides remote 
control and monitoring. 

4. Proposed Architecture 
The HomePlug platform has been always done by using 

a continuous-time system so that all tools under control and 
monitored are continuously connected to the power line and 
every message or command is placed on the power signal.  
In this method, due to the need for combining the power 
and electronic systems, the implementation is expensive 
and complex[3]. In the proposed method named 
discrete-time system control (DTSC), mainly it is focused 
on the existence of only one signal (power or data signal) 
on the power line in every moment. In other words, when 
there is a need for sending data, the power is disconnected 
from the line and the electronic and communication systems 
put the data on the line, and then it hands the line to the 
power system. Therefore, in this way these two sections of 
electronic and power are isolated totally from each other 
and the electronic section would be implemented simply 
with a low cost. The overall structure of the proposed 
system is shown in Fig. 1. The different parts of the 
proposed system including the server, modulator, and 
detector are placed next to the advanced measuring system 
at the beginning of the line to the load. The dashed line in 
Fig. 1 indicates the data connection between the utility and 
the smart home system. Blocks L1 to Ln indicate the loads 
existing in a house, for each of which there is a detector to 
control the related load. In the rest of the paper, we will 
review the internal structure and the implementation 
procedure of each part. 

By the way, it is noticeable that in the proposed method, 
the smart home has been considered as a subsection of a 
smart micro grid. Thus discussions about the outside 
network are out of the scope of this paper. 

 
Fig. 1. Overall architecture.    

4.1 Server 
This part is designed to do the calculations and 

processes required for total evaluation of the system, 
receiving signals from the sensors, driving the modulator, 
saving information, as well as communicating the user by 
connecting to the computer and embedded interface, such as 
LCD and keyboard. Regarding the importance of this 
section in terms of speed and accuracy of processing steps 
as well as the need of all processes to be concurrent, the 
central processor is selected as FPGA type. FPGA is a kind 
of real-time processor, whose parallel processing capability 
and high speed feature are very suitable for continuously 
processing the complicated conditions and decision-making 
based on physical and training data[5]. 

Based on the user orders and with the previous data set, 
this section automatically submits the essential orders to the 
modulator section and the orders will be submitted to the 
load, if necessary. Also, remote communications between 
the user and the smart home would be possible. 

4.2 Modulator 
This section is composed of a simple controller, a pulse 

generator with varying frequency, and a bi-stable switch. 
The controller disconnects the connection of loads to the 
power line for a sufficient short time calculated in Section 6 
according to the order and information from the server, and 
puts the data signal on the line. This signal is a square wave 
with varying frequency and the frequency is determined 
based on the server command. The amplitude of the signal 
is between 0 to 12 V and is buffered using a one-stage 
voltage buffer and a level shifter. The frequency of the 
square-wave generator is variable between 1 kHz to 10 MHz. 
Fig. 2 illustrates the overall schematic view of the switch 
section of the modulator. Since the response time of the 
switch is important in this section, two solid state relays 
(SSR) are applied. The solid state structure of this relays 
provides the possibility of passing high currents as well as 
the high speed switching possibility, hence there will not be 
any concerns regarding not-disconnection in inductive loads 
with high current inertia and inrush current while 
connecting heavy loads. Based on Fig. 2, commanded by 
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the controller of modulator, one of the switches would 
always be connected and the state of the switch would 
change if any signal is going to be sent to the load. 

4.3 Detector 
This part is needed to control the loads in the smart 

home in the overall architecture as many as possible. Hence, 
the low cost and simplicity of the section are considered. 
Thus, a clipping circuit, a high-pass filter, an edge detector, 
a simple controller, and a simple switch are applied, and we 
will discuss each part briefly. Because of the large 
difference between the amplitudes of the power signal (220 

V r.m.s.) and the data signal (12 V), joining two parts of 
them would not be possible and a clipping circuit has been 
used. And clearly using a power transformer scaling both 
signals equally is not suitable for this architecture. So a 
simple clipper using a Zener diode is employed to remove 
negative amplitudes and clip the positive ones at the 
breakdown voltage of the Zener diode. High power 
elements are not necessary, because the loads and the 
detector systems are parallel with each other and the load 
current does not flows throw the electronic parts, which 
lowering the implementation costs and the overall size of 
the electronic boards.  

Fig. 3 shows the overall structure of the detector part. 
After the clipping process, the signal enters a high-pass 
filter which eliminates low frequency power signal (50 Hz) 
and in fact only the data signal would arrive at the edge 
detection part. At the edge detection section, the frequency 
of the signal would be detected and each controller controls 
the related load according to the set program.  

5. Implementation 
To design and implement this structure on a smart home 

project as a sample and to perform required tests, we build 
the boards of the needed circuits, program and test each of 
them, the whole process of which will be explained 
separately in the following. 

 
Fig. 2. Structure of switch section of modulator part.  

 
Fig. 3. Overall structure of the detector part. 

 
Fig. 4. Board of the server section fabricated including 
XC3S400-PQFP208. 

5.1 Server 
We used XC3S400 from the family of SPARTAN3 that 

is a product from Xilinx to implement the central 
processing server whose operating frequency is 50 MHz. 
The modulator part is done by a serial connection. Fig. 4 
shows the prototype fabricated board for this section. 

5.2 Modulator   
In this part we use two SSR relays with 3 V to 24 V 

control voltages where 5 V is preferred to be use. Regarding 
to low power consumption of the relay (about 0.2 mA), 
there is no need to use current buffers to drive them. The 
used controller is an AVR micro-controller named 
ATmega32A with the operating frequency of 16 MHz, 
which controls the relays according to the received order 
from the server and generates the related square wave form. 
According to the design of clipping circuit that is used in 
the detector part, the voltage level of generated signal must 
be high enough to make the clipping circuit operate 
correctly; so the amplitude of the signal is amplified to 12 V. 
To increase the voltage level of the generated signal from  
5 V to 12 V, a simple voltage buffer with two transistors is 
used. 

5.3 Detector 
In this part, the clipping circuit uses a 5.6 V Zener diode 

with the nominal power of 0.25 W. So there would only be 
signals with the amplitude of 5.6 V at the output. The 
resulted signal enters a high-pass filter that is of the 
first-order Butterworth type with the cut off frequency of 1 

kHz. By choosing the amplifiers of LF365 type, regarding 
to the constraints of bandwidth of the amplifier, the 
bandwidth of the filter would not be limited and it can pass 
rather than 10 MHz. Fig. 5 shows the frequency response of 
the filter which is simulated in HSPICE by using its 
manufacturer (National Instruments) model. The passband 
of this filter is 10 MHZ and it passes the frequencies upper 
than 997 Hz. The controller and the frequency detector 
calculate the frequency by using the edge detection method 
and the load is controlled by the received order from the 
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related controller. In this part the controller is an AVR type 
using ATmega8. The prototype sample of the designed 
detector board is shown in Fig. 6. 

6. Measurement 
The main concern in this method, which has been 

implemented in a discrete-time system, is about the loads 
sensitive to the voltage flicker, such as incandescent lamps 
and their blinking. So to prevent this, the switching period 
should be short enough to not be noticed by an observer. 
Therefore, first of all, we will calculate this time portion.  

 
Fig. 5. Frequency response of the designed high-pass filter. 

 
Fig. 6. Board of detector section. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Signal analysis for switching time setting of the relays. 

 
Fig. 8. 2011 building energy consumption data. 

We assume that the loads can be disconnected from the 
power line for tSW. This time includes the response time of 
the relay and generates at least two rising edges of the data 
signal. When the frequency of data signal is at its minimum 
value, i.e. 1 kHz, this time is 2 ms. According to the data in 
[6] and Fig. 7, for a super fast SSR relay the response time 
would be approximately 1 ms. So in the worst case the 
switching time would be 4 ms. As mentioned in [7] and [8], 
the reduction of one percent of the maximum brightness 
would be perceptible by human eyes. Assuming a linear 
relation between the brightness and electrical power applied 
to the lamp[9], the voltage reduction causing the reduction in 
brightness is calculated as one percent of 220 V (r.m.s). As 
shown in Fig. 7, the switching time for a 50 Hz cycle would 
be calculated as 4.57 ms. Also, the time needed for the lamp 
to return to its normal condition is 0.86 ms. So the interval 
between two consecutive data signals which would not 
cause any blink is tSW+trec, where trec is the recovery time of 
the lamp (i.e. 0.86 ms). Thus, the server is able to send data 
signal in every 5.43 ms (i.e. 4.57 ms+0.86 ms). With the 
operating frequency of 16 MHz of the controller in the 
detector part, the application time of the detector system 
(i.e. the time of detection and controlling the switch) is less 
than 100 µs which is negligible. So taking a simple and 
illustrative calculation as an example, for 50 lamps to be 
controlled simultaneously, this process would take 
approximately 280 ms and would be done serially. In the 
worst case this is impossible and would never occur. But it 
is good to mention again that in the practical 
implementation this portion of time is surely less than 280 

ms. 
This system has been implemented and tested in a 

house with typical consumption depicted in Fig. 8[10]. To 
test the accuracy of the system, 200000 data signals in 
packets of 1 kHz to 5 kHz have been sent serially and 
observed. The received data has 0.7% errors in the load side 
which reports a good level of accuracy for the proposed 
system. It should be mentioned that all of these tests have 
been done in the situation that all of the loads are connected 
and are working as their usual operation with no faults. 

7. Conclusions 
In this paper, first, we try to introduce different methods 

of designing a smart home and compare them according to 
statistics. The HomePlug method is more facilitated than 
other methods. Then, with proposing a new control and 
communication system for designing a smart home in the 
HomePlug method, we go toward significant reduction of 
design costs and power consumption, with also keeping 
accuracy, speed, and reliability of the system. This method 
is designed, implemented, and has been tested for a month 
in a house with typical energy usage and it is observed 
sufficiently well performance of the system. This method 
surely is able to meet most of the expectations of a smart 
home, and may result in an evolution in the method of 
implementing a smart home in wide ranges.  
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