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Abstract— In this paper, I have reported an effective 

implementation for Internet of Things used for monitoring 

regular power management by means of low cost ubiquitous 

sensing system. The system principally monitors electrical 

parameters of appliances such as voltage, current and 

subsequently calculates the power consumed. The 

description about the integrated network architecture and the 

interconnecting mechanisms for the reliable measurement of 

parameters by smart sensors and transmission of data via 

internet is being presented. The system was able to provide a 

control mechanism for better operation of the devices in 

monitoring stage. The framework of the monitoring system 

is based on a combination of distributed sensing units, 

information system for data aggregation.  Results of 

previous systems encouraging as the reliability of sensing 

information transmission through their proposed integrated 

network architecture is 97%. The prototype yet to be tested 

to generate real-time graphical information rather than a test 

bed scenario. 
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I. MOTIVATION 

It is foreseen that service and personal care wireless sensor 

systems will become more and more ubiquitous at home in 

the near future and will be very useful in assistive healthcare 

particularly for the elderly and disabled people [1]. Wireless 

sensor systems consist of numerous spatially distributed 

sensors with limited data collection and processing 

capability to monitor the environmental situation. Wireless 

sensor networks (WSNs) have become increasingly 

important because of their ability to monitor and manage 

situational information for various intelligent services. Due 

to those advantages, WSNs has been applied in many fields, 

such as the military, industry, environmental monitoring, 

and healthcare [2]-[4]. 

The WSNs are increasingly being used in the home 

for energy controlling services. Regular household 

appliances are monitored and controlled by WSNs installed 

in the home. New technologies include cutting-edge 

advancements in information technology, sensors, metering, 

transmission, distribution, and electricity storage technology, 

as well as providing new information and flexibility to both 

consumers and providers of electricity[5]. The ZigBee 

Alliance, wireless communication platform is presently 

examining  new smart home wireless system implication by 

having a new initiative with Government that will evaluate 

use of the forthcoming  ZigBee, Internet Protocol (IP) 

specification, and the IEEE 802.15.4g standard to help 

countries to create smart homes that improve energy 

management and efficiency. 

It is expected that 65 million households will equip 

with smart meters by 2015 in the United States, and it is a 

realistic estimate of the size of the home energy management 

market. 

There are several proposals to interconnect various 

domestic appliances by wireless networks to monitor and 

control such as provided by various authors. But the 

prototypes are verified using test bed scenarios. Also, smart 

meter systems     [6] have been designed to specific usages 

particularly related to geo-graphical usages and are limited to 

specific places. Different information and communication 

technologies integrating with smart meter devices have been 

proposed and tested at different flats in a residential area for 

optimal power utilization, but individual controlling of the 

devices are limited to specific houses [5]-[7]. 

There has been design and developments of smart 

meters predicting the usage of power consumption. However, 

a low-cost, flexible, and robust system to continuously 

monitor and control based on consumer requirements is at 

the early stages of development. In this study, we have 

designed and implemented a ZigBee-based intelligent home 

energy management and control service. We used the ZigBee 

(the IEEE standard) technology for networking and 

communication, because it has low-power and low-cost 

characteristics, which enable it to be widely used in home 

and building environments. 

II. SURVEY OF PAPERS 

In this section, we briefly discuss the existing works about 

smart home systems based on the wireless communication 

technology. [8] Han et al. proposed a Home Energy 

Management System (HEMS) using the ZigBee technology 

to reduce the standby power. The suggested system consists 

of an automatic standby power cutoff outlet, a ZigBee hub 

and a server. The power outlet with a ZigBee module cuts off 

the ac power when the energy consumption of the device 

connected to the power outlet is below a fixed value. The 

central hub collects information from the power channels and 

controls these power channels through the ZigBee module. 

The central hub sends the present state information to a 

server and then a user can monitor or control the present 

energy usage using the [9] HEMS user interface. This facility 

may create some uneasiness for the users. For example, if the 

users may want low intensity of light, for some situation but 

the system will cut the power off leading to darkness. 

[9] Gill et al. projected a ZigBee-based home 

automation system. This system consists of a home network 

unit and a gateway. The core part of the development is the 

interoperability of different networks in the home 

environment. Less importance is given to the home 

automation. Pan et al. recommended a WSN-based 

intelligent light control system for indoor environments, such 
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as a home for a reduction in energy consumption. In this 

paper, wireless sensors are responsible for measuring current 

illuminations and the lights are controlled by applying the 

model of user‟s actions and profiles. 

Song et al. [7] suggested a home monitoring system 

using hybrid sensor networks. The basic concept of this 

paper is a roaming sensor that moves the appropriate location 

and participates in the network when the network is 

disconnected. Suh and Ko proposed an intelligent home 

control system based on a wireless sensor/actuator network 

with a link quality indicator based routing protocol to 

enhance network reliability. Nguyen et al. have proposed a 

sensing system for home-based rehabilitation based on 

optical linear encoder (OLE); however, it is limited to motion 

capture and arm-function evaluation for home based 

monitoring. Huiyong et al. examined the integration of WSN 

with service robot for smart home monitoring system. 

There are several examples of intelligent home 

automation or [11] “Smart Home Monitoring” in research 

labs around the world, such as the GatorTech Smart House, 

[10] Casas Smart Home, iDorm, Georgia Tech Aware Home, 

Place Lab, etc. To date, there has been no complete 

development of a monitoring smart home of commercial 

perspective, nor any investigation into how such a house is 

perceived by either the inhabitants or their careers. [14] [15] 

The smart homes designed so far are for different purposes 

such as information collection and decision support system 

for the wellbeing of the inhabitants, storing and retrieving of 

multimedia data and surveillance, where the data is captured 

from the environment and processed to obtain information 

that can help to raise alarms, in order to protect the home and 

the inhabitants from burglaries, theft and natural disasters. 

III. FINDINGS OF SURVEY 

Before To date, there has been no complete development of a 

monitoring smart home of commercial perspective, nor any 

investigation into how such a house is perceived by either the 

inhabitants or their careers.[12]-[15] The smart homes 

designed so far are for different purposes such as information 

collection and decision support system for the wellbeing of 

the inhabitants, storing and retrieving of multimedia data and 

surveillance, where the data is captured from the 

environment and processed to obtain information that can 

help to raise alarms, in order to protect the home and the 

inhabitants from burglaries, theft and natural disasters. 

The above mentioned home monitoring and controlling 

systems have limitations with respect to true home 

automation such as: 

1) Energy consumption control mechanism is limited 

to only certain devices like light illuminations, 

whereas several house-hold appliances can be 

controlled[12] 

2) Energy control is based on fixed threshold power 

consumption, which may not be applicable to 

different consumers [13] 

3) Controlling the home appliances through network 

management functions, in practice inhabitant 

requirements may vary according to their behavior 

but not with network characteristics. Not a single 

system has taken into consideration of variable tariff 

of electricity, which is consumed throughout day 

and night.[9]-[11] 

IV. PROBLEM IDENTIFIED TO BE SOLVED 

The paper focuses on human-friendly technical solutions for 

monitoring and easy control of household appliances. The in-

habitant‟s comfort will be increased and better assistance can 

be provided. This paper emphasizes the realization of 

monitoring and controlling of electrical appliances in many 

ways. 

The developed system has the following distinct features. 

1) Use of relay with opto-isolated driver for 

controlling electrical appliances: Household 

appliances are controlled either remotely or 

automatically with the help of fabricated smart 

sensing unit consisting of triac –BT138 [14]. 

2) The design of smart sensing unit does not require a 

processing unit at the sensing end. 

3) Flexibility in controlling the appliances: Depending 

on the user requirements, appliances can be 

monitored and controlled in different ways. 

V. JUSTIFICATION OF SURVEY TO SOLVE IDENTIFIED 

PROBLEM 

This paper illustrates an effective low-cost and flexible 

solution for condition monitoring and energy management in 

home. The basic operations include remote management and 

control of domestic devices such as electric lamp, water 

heater etc., unobtrusive monitoring of domestic utilizations 

and providing ambient intelligence to reduce the energy 

consumption through IoT technology are the key functions of 

the developed system. This will support and reschedule the 

inhabitant operating time according to  the  energy demand 

and supply[16] [17]. The novelty of the system is the 

internetworking mechanisms, which are practicable to 

integrate with co- modules like intelligent home monitoring 

systems for wellness determination of inhabitants. 

The paper focuses on human-friendly technical 

solutions for monitoring and easy control of household 

appliances.[12] The in-habitant‟s comfort will be increased 

and better assistance can be provided. This paper emphasizes 

the realization of monitoring and controlling of electrical 

appliances in many ways. 

VI. TECHNOLOGY/ PROGRAMMING LANGUAGE/ PLATFORM/ 

H/W TOOLS 

A. Technology: 

1) ZigBee Wireless Sensor Network: 

The ZigBee  WSN  comprises of XBee-S2 modules built by 

Digi are configured as end devices (sensor nodes) and 

communicate wirelessly to a coordinator in the form of a 

mesh topology.[10] If the end device is within the range of 

the coordinator device, the system runs like a star topology. 

Otherwise, hopping takes place and the outer most end 

device will send its data to the nearby router and 

consequently the data will reach to the coordinator. 

The coordinator is connected to a router with a 

wired serial connection. The router runs an open source 

embedded software in mobile, providing networking 

functionality to connect the internet.[4] This essentially 

provides internet access to the Xbee-S2 sensor data collected 

by the Xbee-S2 coordinator. Router acts as an IoT 

application gateway and interconnects the IPv6 and ZigBee 

network. 
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A private IPv6 network using a Virtual Private 

Network (VPN) is used for connecting the IoT application 

gateway to the server[5]. The server collects sensor data 

forwarded by the application gateway and store in a database 

for further processing and then to be viewed via a website. 

Data can be viewed in terms of previous day, week, and 

month time periods graphically. 

In the present setup, heterogeneous sensing units are 

designed and developed indigenously for intelligent home 

monitoring systems to integrate with IoT networks. The 

following sections describe these entities. 

2) IPv6: 

Internet Protocol version 6 (IPv6) is the latest version of the 

Internet Protocol (IP), the communications protocol that 

provides an identification and location system for computers 

on networks and routes traffic across the Internet. IPv6 was 

developed by the Internet Engineering Task Force (IETF) to 

deal with the long-anticipated problem of IPv4 address 

exhaustion. 

IPv6 is intended to replace IPv4, which still carries 

more than 96% of Internet traffic worldwide as of May 

2014.[1][2][3] As of June 2014, the percentage of users 

reaching Google services with IPv6 surpassed 4% for the 

first time.[4] 

Every device on the Internet is assigned an IP 

address for identification and location definition. With the 

rapid growth of the Internet after commercialization in the 

1990s, it became evident that far more addresses than the 

IPv4 address space has available were necessary to connect 

new devices in the future. By 1998, the Internet Engineering 

Task Force (IETF) had formalized the successor protocol. 

IPv6 uses a 128-bit address, allowing 2128, or approximately 

3.4×1038 addresses, or more than 7.9×1028 times as many as 

IPv4, which uses 32-bit addresses and provides 

approximately 4.3 billion addresses. The two protocols are 

not designed to be interoperable, complicating the transition 

to IPv6. [5][6]However, several IPv6 transition mechanisms 

have been devised to permit communication between IPv4 

and IPv6 hosts. 

IPv6 provides other technical benefits in addition to 

a larger addressing space. In particular, it permits 

hierarchical address allocation methods that facilitate route 

aggregation across the Internet, and thus limit the expansion 

of routing tables. [11]The use of multicast addressing is 

expanded and simplified, and provides additional 

optimization for the delivery of services. Device mobility, 

security, and configuration aspects have been considered in 

the design of the protocol. 

IPv6 addresses are represented as eight groups of 

four hexadecimal digits separated by colons, for example 

2001:0db8:85a3:0042:1000:8a2e:0370:7334, but methods of 

abbreviation of this full notation exist. 

B. Parameters: 

1) Sensing Units: 

The sensing unit measures the current and voltage 

parameters of a household appliance, thus indicating the 

power consumed and the conditioning of the respective 

usage of the appliance. The usage pattern of the appliance 

can be monitored through the IoT website interface wherein 

the data is forwarded through the IoT gateway integrated 

with WSN ZigBee coordinator. 

 
Fig. 1: Fabricated Sensing Module 

2) IoT Application Gateway: 

The transformation of sensing information between the 

ZigBee and IPv6 network is executed by a program at the 

IoT application gateway,[4] as the ZigBee  network  does  

not have the architecture to communicate with internet 

protocols. The IoT application gateway consists of a 

program for transforming ZigBee addresses and 

encapsulating data payloads in an internet protocol. 

The XBee-S2 modules produce sample packets which are 

converted by the application gateway to IPv6 User Datagram 

Protocol (UDP) packets and sent to a server. [12] Command 

packets to control the XBee-S2 modules are encapsulated in 

an UDP packet by the server, and converted by the IoT 

application gateway to ZigBee packets. 

3) Display on Android App: 

A server collects sample data by receiving the UDP packets 

containing sample data from the IoT application gateway 

and store in a database.[1] These samples can be accessed 

from the database from a Application hosted on the server. 

The raw sample data, sample source (channel and sensor 

node) and time of arrival is stored in the database. This 

enables the samples to be ordered by date and organized by 

their source. 

Data can be displayed on the Application in time 

series graphs; each graph represents the corresponding 

sensing input information specifically depicting each of the 

parameter values. [3] The Application (in the background 

process) performs conversion of raw sample data to 

engineering units for display in these graphs. 

C. Hardware Tools: 

Measurement of Electrical Parametrs 

1) Voltage Measurement: 

The voltage transformer used in our paper is the 44 127 

voltage step-down transformer manufactured by MYRRA. 

The striking features include two bobbins compartments 

including self-extinguishing plastics and very light weight 

(100 g). 

The step-down voltage transformer is used to 

convert input supply of 230–240 V to 10 VRMS ac signal. 

The secondary voltage is rectified and passed through the 

filter capacitor to get a dc voltage. The details are shown in 

Fig1. The available dc voltage is reduced by a potential 

divider to bring it within the measured level of 3.3 V of the 

ZigBee. [2] This output signal is then fed to analog input 

channel of ZigBee end device. The acquired voltage signal is 

directly proportional to the input supply voltage. A voltage 

regulator is connected to the rectified output of voltage 
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transformer to obtain the precise voltage supply of 3.3 V for 

the operation of ZigBee and operational amplifier. The 

scaling of the signal is obtained from the input versus output 

voltage graph as shown in Fig. The actual voltage is thus 

obtained as follows: 

Vact  = m1  × Vmeasured  voltage - (1) 

Where m1 is the scaling factor obtained from Fig.2, 

Vact is the actual voltage, and Vmeasured voltage is the 

measured sensing voltage. 

2) Current Measurement: 

For sensing current, we used ASM010 current transformer 

manufactured by Talema. The main features of this sensor 

include fully encapsulated PCB mounting and compact size. 

The circuit design layout for current measurement is shown 

in Fig.2 In this current sensor, the voltage is measured across 

the burden resistor of 50 Ω. 

The necessary filtering and amplification is required 

to bring the voltage with the necessary measurement level of 

ZigBee. The scaling factors for current measurement for two 

different ranges of currents are shown in Fig. Two different 

current transformers are used for two different ranges: 0–1 A 

and 1–10 A, respectively. The actual current is thus obtained 

from (2). 

 
Fig. 2: Hardware Design Structure 

The line wire is connected to the load, which is 

passing through the current transformer. With the use of 

current transformer, the electrical isolation is achieved 

which is important in many applications as well as for the 

safety of the electronic circuit 

Iact  = m2  × Vmeasured  voltage for current (2) 

Where m2 is the scaling factor obtained from Fig., 

different values of m2 to be used for different current 

transformers. Iact is the actual current; Vmeasured voltage 

for current is the measured sensing voltage for current. 

The developed system includes two current transformers; 

one is used for the measurements of loads up to 100 W and 

the other current transformer is used for the measurements 

of loads from 100 to 2000 W.[4] The reason of providing 

two transformers is to provide two load outlets at the same 

sensing node. The number of turns is increased up to five 

turns to improve the resolution of the low current signal. 

Both outputs from the current trans- formers are fed to the 

analog input channels of ZigBee. 

VII. SOLUTION PROPOSED – MODEL DIAGRAM 

 
Fig. 3: Solution Proposed 

A. Address Transformation: 

The key element in the data transformation from ZigBee to 

IPv6 format(fig 4) is the address translation. This was 

implemented by the application gateway program for 

determining the source or destination address of a packet that 

encapsulates a ZigBee packets‟ payload. The corresponding 

application gateway performs the address transformation 

mechanism for ZigBee to address non ZigBee nodes. [12] 

ZigBee is based upon the 802.14.5 protocol which uses a 64 

bit address for each node on a PAN, and 16 bits to identify 

the PAN ID. IPv6 uses 128 bits to address a node on the 

network, of which 48 bits represent the network, 16 bits 

represent the local network (PAN ID), and 64 bits represent 

the host id (sensor node). Therefore, the node address for 

802.15.4 can placed in an IPv6 address, and the PAN ID can 

be used to identify the ZigBee network in an IPv6 address. 

Fig.3 shows the address transformation of ZigBee and IPv6 

packet. 

 
Fig. 4: Address Translation 

B. Packet Translation: 

The packets originated from the XBee-S2 network are sent to 

a server using a tunneling technique, where the addressing 

information is removed and placed in the encapsulating 

protocol. Packets destined for the XBee-S2 network use a 

stateful translation where the source address is stored on the 

gateway. This enables reply packets from the XBee-S2 

network to be sent to the correct address. 

A serial interface is used to transmit Application 

Programming Interface (API) packets from/to the coordinator 

and router.[1] The WRT54GL router has two serial ports - 

one of which is used to connect to the XBee-S2 coordinator. 

The router performs the conversion of the 
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Fig. 5: XBee-S2 API Packet to an IPv6 Packet 

Xbee-S2 modules provide architecture to sample an 

analogue value and transmit a packet containing this sample 

to a coordinator. The coordinator outputs an API packet on 

its serial interface each time a sample packet is received. 

The API packet contains; the type of API packet, the address 

of the node that took the sample, the PAN ID of the network 

the node is on and the sample data.[15] To enable 

transmission over the internet the API packet is translated 

into an IPv6 UDP packet. The address is translated using the 

method discussed. And the sample data is encapsulated as 

the UDP payload. The source and destination port of the 

UDP packet is arbitrarily set in order to identify the UDP 

packet as containing sample data. Fig.  shows the 

corresponding schematic of ZigBee packet transformation to 

IPv6 format. 

Transformation from IPv6 to an API packet requires a 

stateful conversion. This implies that the source address of 

the packet must be stored on the router as there is no method 

of including it in the API packet. 

C. Transmission Over IP: 

The Linux-OpenWRT software provides the networking 

architecture to participate in many types of networks. These 

networks are abstracted into devices, which generalizes 

management and configuration. This abstraction requires 

device drivers which operate in the kernel space, making 

development difficult. A TUN/TAP device driver acts as a 

virtual network device with its output directed to a user 

space program instead of a physical device. [12]This 

simplifies the development of a network device, as a user 

space program is easier to develop. The IPv6 can be used 

with a TUN/TAP driver provided the kernel has IPv6 

support. This means a virtual IPv6 network can be created, 

where packets destined for this network are routed to a user 

space program. IPv6 packets can also be created and sent via 

the TUN/TAP driver and will appear to originate from the 

virtual network[13]. This virtual network can be mapped to  

the  ZigBee PAN using the address  transformation  as  

discussed  in section. A and packets are transformed using 

the technique.[19] Access to the TUN/TAP driver is 

provided through the standard input output routines of 

embedded Linux. 

These are the same routines used for the serial interface 

implying multiplexing between the serial interface and 

TUN/TAP interface can be done by the Linux kernel. This 

eliminates the need for complex threading. 

D. Storage of Data: 

The UDP packets produced at the gateway encapsulate 

sample data to be sent to web android based server. An 

application running on the server uses the standard socket 

interface to receive UDP packets on an arbitrary port, and 

stores the relevant information in the MySQL database. [20] 

The database table has 4 columns; source address, time, 

source channel and sample data. Rows are added to this 

table for each UDP packet received.[12] This allows 

samples to be sorted by time, sensor node and sensor 

channel. In the present system, programs for address, packet 

transformations and data transmission are written using 

„Android‟ programming language, programs for packet 

reception and App interface is developed using android and 

Java Scripts. 

E. Network Monitoring: 

In order to monitor and maintain the condition  of  the WSN 

it is necessary to have access to information about the actual 

network and the communications between the different 

elements of the network[1]-[3]. Important information for 

the setup of the system, deployment of the network, 

connectivity, health and reliability of the communication 

can be accessed from the developed Web user interface of 

the network. 
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