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 I 

Summary 

The concept of smart home, a system where electrical appliances, heating and 

cooling are controlled by means of wired or wireless control systems, has the 

potential to make a substantial contribution to human quality of life. Aspects 

such as comfort, energy costs and consumption, and security are addressed. In 

this thesis, I will present an analysis of a smart home system based on ZigBee 

wireless technology and do a simulation through Labview software. 

First, the background of the smart home will be introduced, and some 

important technologies applied in smart homes will be described. 

Second, chapter 2 will focus on some theories about ZigBee, such as the 

characteristics, protocol and topology. Moreover, data transmission for the 

ZigBee network will be presented. 

The third chapter concerns the smart home system. An overall block diagram 

will be presented. Based on the ZigBee theory before, the choice of topology, 

the process of networking and the data transmission from the PC to the end 

device like the heater will be discussed. 

Next, a temperature monitor based on Labview software will be demonstrated. 

A short introduction about Labview will be given. Next, the temperature 

monitor design will be explained step by step. 

Finally, chapter 5 will show the results of the temperature monitor and an 

analysis of the smart home system based on data and tables from other 

sources. 
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Sammanfattning 

Begreppet smarta hem, ett system där elektriska apparater, värme och kyla 

styrs med hjälp av trådbundna eller trådlösa styrsystem, har potential att 

bidra avsevärt till människans livskvalitet. Aspekter som komfort, 

energikostnader och förbrukning, och säkerhet behandlas. I denna uppsats 

kommer jag att presentera en analys av system for smart hem system baserat 

på ZigBee trådlös teknik smat göra en simulering med programvaran 

Labview. 

 

Först kommer bakgrunden av det smarta hemmet introduceras, och några 

viktiga tekniker beskrivs som tillämpas på smarta hem. 

 

För det andra, kapitel 2 kommer att fokusera på en del teorier om ZigBee, 

såsom den karakterikerna, protokoll och topologi. Dessutom kommer 

dataöverföring för ZigBee nätverk att presenteras. 

 

Det tredje kapitlet handlar om smarta hem-system. Ett övergripande 

blockschema som kommer att presenteras. Baserat på ZigBee teorin innan 

kommer valet av topologi, processen för nätverk och dataöverföringen från 

datorn till slutenheten som t.ex. värmeelementet att diskuteras. 

 

Därefter kommer en temperaturmonitor baserad på Labview programvara 

påvisas. En kort introduktion om Labview läggs fram först. Därefte kommer 

konstruktionen av temperaturmonitorn att förklaras steg för steg. 

 

Slutligen kommer kapitel 5 visa resultatet på temperatur monitorn samt en 

analys av det smarta hem-system baserat på data och tabeller från andra 

källor. 
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Abstract 

With the development of computer and information technology, information 

and network will be the inevitable trend of smart home which aims to offer a 

comfortable, efficient, and convenient home. 

In this thesis, the background, developments and limitations of smart home 

systems will be described. Wired and wireless technologies applied on the 

smart home network will be analyzed and a comparison of them will be made. 

Finally, the ZigBee technology is selected to design the wireless 

communication network. 

For the system design, the thesis describes an idea where cluster topology is 

chosen to design the smart home system and demonstrates the process of 

networking as well. Based on the Labview platform, a smart home system 

will be simulated to achieve the functions included in data acquisition, 

analysis, display and storage. More specially, I will focus on temperature 

monitoring and control of heating and cooling systems. 

Finally, an analysis of the advantages and disadvantages of the smart home 

system is given. 

 

       Keywords: Smart home, ZigBee, protocol, network, Labview. 



 

IV 

Preface 
 

I choose smart home as the topic for my bachelor degree project, because 

when I first came to Sweden last year, the environment and lifestyle of 

Sweden deeply infect me. I hope to gain more knowledge form Linnaeus 

University.  

In the process of writing this thesis, I made a lot of progresses. I learned how 

to read useful information and articles and applied them to the thesis. I 

learned how to use LabView to design a multifunctional system even I did 

not use it before. Because of these little things, I strengthened myself. On the 

other hand, I need to study more things and apply them to practice. I believe 

everyone can be successful as long as you spar no efforts. Ellie, my tutor, 

gave me a lot of help and I want to say “Thank you very much”. 

 

 

 

 

Luyan Liu 

 

Vaxjo, June 10
th 

2014



 V 

 

Content 
Summary ................................................................................................................. I 

Sammanfattning .................................................................................................... II 

Abstract ................................................................................................................. II 

Preface ................................................................................................................. IV 

1. Introduction ........................................................................................................ 1 

1.1 Background .............................................................................................. 1 

1.2 Purpose and Objectives ............................................................................ 1 

1.3 Limitations ............................................................................................... 2 

2. Network technology ........................................................................................... 3 

2.1 Three major technologies ......................................................................... 3 

2.2 The concept of ZigBee ............................................................................. 4 

2.3 The protocol of ZigBee ............................................................................ 5 

2.3.1 PHY layer ..................................................................................... 5 

2.3.2 MAC Layer ................................................................................... 6 

2.3.3 NWK layer .................................................................................... 7 

2.3.4 APL layer ...................................................................................... 7 

2.4 The topology of ZigBee. .......................................................................... 7 

2.5 Data transmission ..................................................................................... 8 

2.5.1Data transfer methods .................................................................... 8 

2.5.2 Packet structure in ZigBee ............................................................ 9 

3. System description ........................................................................................... 11 

3.1 Components of the system ..................................................................... 11 

3.2 The choice of network topology ............................................................ 11 

3.3 The block diagram of the system ........................................................... 12 

3.4 The establishment of a network ............................................................. 13 

3.4.1 Addressing Basic ........................................................................ 13 

3.4.2 The process of network ............................................................... 14 

3.5 The data and command transmission ..................................................... 15 

4. Temperature monitoring by Labview .............................................................. 17 

4.1 Introduction of Labview ........................................................................ 17 

4.2 The design of temperature monitor ........................................................ 17 

4.3 Programming design .............................................................................. 17 

4.3.1 Data Acquisition ......................................................................... 18 

4.3.2 Data analysis and display ............................................................ 18 

4.3.3 Data output .................................................................................. 21 

5. Results and analysis ......................................................................................... 23 

5.1 The analysis of the system ..................................................................... 23 

5.1.1 The function of the system .......................................................... 23 

5.1.2 Advantage and disadvantage ...................................................... 23 

5.2. Analysis ................................................................................................ 23 

5.2.1 Energy saving ............................................................................. 24 

5.2.2 Accuracy analysis ....................................................................... 24 

5.3 The result of the temperature monitoring system. ................................. 25 

6. Discussion and conclusion ............................................................................... 28 

References ............................................................................................................ 29 



 1 

1. Introduction 

With the development of network and communication technology, people’s 

requirement for a higher quality of life is gradually improved. And smart 

home has become increasingly popular and expanded to our life. The smart 

home can be defined as a residence equipped with computer and information 

technology. How to implement a smart comfortable, safe, convenient home 

has been a hot and focal point in the world. 

1.1 Background 

1984, America built the first “smart home” of the world on Harford City. 

After that, a lot of countries began to develop the smart home which 

promoted the progress of smart home. 

In the last few years, the concept of smart home is familiar to people because 

of the vigorous dissemination by companies and the media. The smart home 

uses the residence as a platform, and combines various technologies to 

manage and control the household equipment. Based on the RFID (Radio 

Frequency Identification) technology, the ability to storage capacity and 

intelligent networking technology have been greatly improved. 

The tendency of smart homes is: 

- Networking technology changes from wired to wireless; 

- System integration, function modularization; 

- The way of  remote control diversification; 

- Saving energy and intelligent. 

1.2 Purpose and Objectives 

Nowadays, most smart home system are wired, but it is difficult to 

widespread the smart home especially for the old buildings. It is complex to 

wire and the cost is a little high. So using the wireless communication to 

design the smart home system will be the main trend in the future since it is 

easy to wire and scalability is better. 

The thesis will study and analyze the smart home’s development, use the 

ZigBee technology to achieve the inside networking of smart home system, 

contact the power line with gateway to achieve remoter control like meter 

reading and simulate a part of the smart home system by Labview, such as the 

temperature monitoring. 
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1.3 Limitations 

In the process of describing the system, I pay more attention to the network of 

the smart home. The remote control, for example using PLC to communicate 

with ZigBee network through gateway to achieve the meter reading, is not 

explored deeply. 

In the part of simulation, based on Labview, I focus on the temperature 

monitoring instead of the whole smart home system. 

Smart home has achieved a fast development, but there exists some obstacles. 

It is urgent to design a simple, efficient, low cost and good scalability system. 
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2. Network technology 

2.1 Three major technologies 

Smart home networking technology is available in three main areas: Power 

line, Bus line and Wireless technology [1]. 

 Power line communication (PLC) is an emerging technology that reuses the 

house electrical wiring system to link appliances to each other and to the 

Internet [2], consequently it is attracting much attention. One of the special 

applications is automatic meter reading which saves meter reader trips. 

Customers have a better control of their use of electric energy, gas usage or 

water consumption. Also this technology can be used to control efficiently 

electrical power theft practice in many countries [3].The major problem is to 

solve the interference and power cuts, which can make the grid chaos. 

Therefore, the system has a high requirement for the stability of the grid. 

 A bus is a set of connections between two or more devices, which are 

designed to transfer several or all bits of a word from a specific source to a 

destination [4].  Bus line technology uses the twisted pair structure to transmit 

data to devices which can operate in two-way. Each network node can be 

obtained from the bus-powered or something else. The Bus line devices can 

be configured to adhere to stricter operational parameters. Therefore the 

system is more complex to be expanded especially for old buildings. 

 Wireless communication technology includes various types, such as ZigBee 

technology, UWB, Bluetooth, Wi-Fi. The main advantage of wireless 

technology is that there is no need to re-wiring; convenient and flexible 

installation; it can be extended or modified at any time depended on our 

demands; it can be applied to new or old houses. 

Table.1 The comparison of several wireless technologies [9] 

Standard Bluetooth UWB ZigBee Wi-Fi 

IEEE spec. 802.15.1 802.15.3a 802.15.4 802.11a/b/g 

Normal range 10m    10m 10-100m 100m 

Frequency 

band 

2.4GHz  3.1-

10.6GHz 

868/915MH

z,2.4GHz 

2.4GHz,5G

Hz 

Max signal rate 1Mb/s 110Mb/s 250kb/s 54Mb/s 

Max number of 

cell nodes 

8 8 >65000 2007 

Home networking communications has the following characteristics: 

 a small amount of transfer data without too much speed 
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 large network capacity, home has a variety of household equipments 

 low-cost 

Compared with other wireless communication technologies, the technical 

characteristics of ZigBee determine that it can meet the above requirements of 

the home network. 

2.2 The concept of ZigBee 

ZigBee is designed for low-data-rate, short-range wireless networking. It 

defines a set of communication standards [5].  It is defined by ZigBee 

Alliance and based on the IEEE 802.15.4 standard. The expected applications 

are building automation, security systems, remote control, remote meter 

reading and computer peripherals [6]. Fig.1 shows the landscape of several 

wireless technologies.  Wireless radio range and data transmission rate are 

two key performance characteristics of wireless spectrum.. Compared with 

other wireless protocols such as 802.15.1(Bluetooth), 802.11(Wi-Fi), and 

802.15.3(UWB), the result shows that ZigBee has the advantage of a wide 

range in communication distance and excellent ability in low rate 

transmission [7]. 

 

Fig.1 The wireless landscape. The figure is based on [7] 

Based on IEEE 802.15.4 wireless standard, ZigBee operates in 868MHz, 

915MHz and 2.4GHz frequency bands. It has achieved a fast development in 

recent years. As a wireless communications technology, it has some technical 

characteristics [8]: 

• Low power 

• Low cost 

• Low rate 
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• An open global standard 

2.3 The protocol of ZigBee  

The entire protocol stack is specified by IEEE and ZigBee Alliance. ZigBee 

Alliance has a lot of member companies which consist of the semiconductor 

industry, software developers, original equipment manufactures and installers. 

On the other hand, the IEEE 802.15.4 is responsible for Physical Layer (PHY) 

and Medium Access Control (MAC) protocols of the ZigBee standard. IEEE 

802.15.4 aims to specific the lower two layers of the protocol and ZigBee 

Alliance focuses on the upper layers. If a layer wants to communicate with 

the adjacent layer, it has to use the service access pints (SAPs). A SAP is a 

notional location at which one protocol layer can sent a service request for 

another protocol layer [10]. 

 

Fig.2 ZigBee wireless networking protocol based on [10] 

The ZigBee standards simplifie the communication protocols and reduce the 

data rate to get a low implementation cost. So the ZigBee can be defined as a 

low cost and low rate technology. 

2.3.1 PHY layer 

The physical layer is the lowest protocol layer in the ZigBee standard and the 

closest layer to the hardware. It has the functions to control and connect with 

the radio transceiver. The physical layer is focused on activating the radio 

which can transmit or receive packets. Moreover, the PHY layer can select 

the channel frequency and make sure that any other devices on another 

network can not use the channels currently. 

The services of the physical layer consist of the physical data service and the 

physical management service. The physical data service aims to enable the 

PHY protocol data unit (PPDU) to transmit and receipt message through a 

radio channel. There is a management entity called the Physical Layer 
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Management Entity (PLME) in the PHY layer which is shown in Fig 3. The 

management functions of the physical layer can be called from the PLME. 

That means the physical data service can be interviewed by the PHY Data 

Sap (PD-SAP) and the physical management service is through the PLME-

SAP [11]. 

 

Fig.3 The PHY Reference Model Interfacing the MAC layer based on [11] 

2.3.2 MAC Layer 

The medium access control MAC layer supplies the connection between the 

physical layer and network layer. The responsibility of the MAC layer is to 

generate beacons and synchronize the device to the beacons. The medium 

access control layer also has the function of association and disassociation 

services. 

Figure 4 shows the reference model of the MAC sublayer. The MAC has a 

management entity called the MAC Layer Management Entity (MLME) 

which is similar to the PHY. It takes responsibility for the MAC management 

services. The MLME connects with its opposite side in the NWK layer [12]. 

 

Fig.4 The MAC Sublayer Reference Model based on [12] 
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2.3.3 NWK layer 

The main function of NWK layer is to provide some necessary functions, to 

ensure the normal operation of the MAC layer, and provide suitable service 

interface for application layer (APL). In order to provide interface to 

application layer, NWK layer provides two necessary function management 

service entity, the data entity and the management entity. NWK layer’s 

reference model is shown in figure 5 [13]. 

 
Fig.5 NWK reference model based on [13] 

2.3.4 APL layer 

The ZigBee application layer (APL) includes the APS sub-layer, the ZDO, 

and Application Objects which is defined by the manufacture [14]. The APS 

sub-layer is responsible for binding the tables to match low devices depended 

on their needs and services, and transmitting application information between 

the connected devices. The responsibilities of the ZDO are focused on 

defining the role of the device (Coordinator, Router or End device) in this 

ZigBee network, discovering devices on the network and determining which 

application services they provide, starting or replying for the requests of 

binding two devices and setting up a secure relationship among network 

devices. 

2.4 The topology of ZigBee. 

According to the different ability of communication, the devices in the 

ZigBee network could be divided into two types [17]: full function device 

(FFD), and reduced function device (RFD). FFD is able to carry out all the 

tasks described in IEEE 802.15.4 which can communicate with any ZigBee 

equipment. But RFD has limited capabilities and it can communicate only 

with FFD that means two RFD only can connect with each other through FFD.  

Because of the status, the devices in the ZigBee network can also be divided 

into 3 types: End Device, Router Node and Coordinator. The coordinator as a 

full functional device has multiple functions which aim to establish and 

deploy the network. The router device undertakes the function of assigning 
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network address for the end device which could add the devices to the ZigBee 

network .The end device is a simplified functional device which is 

responsible for monitoring and controlling. It is the cheapest device in the 

entire network. 

.  

Fig.6 Device role in ZigBee standard based on [17] 

ZigBee supports three kinds of wireless network topology: star, tree and mesh. 

These three kinds of topology can compose simple or complex networks. The 

mesh network topology has a strong network robustness and system 

reliability, and it is more flexible so it is very suitable for sensor networks 

requirements, and therefore it is more favored by the industry. A star network 

is a simple and powerful device, using a full function device (FFD) as the 

center of the network which is responsible for coordinating the work of the 

whole network. A cluster is a complex set of star network. 

 

Fig.7 Three types of ZigBee topology 

2.5 Data transmission 

2.5.1Data transfer methods 

There are three ways to transfer data informaton in a ZigBee network [18]: 
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 Data transfer from a device to a coordinator  

 Data transfer from a coordinator to a device 

 Data transfer between two peer devices 

Figure 8 shows the data transfer steps from the application layer of one device 

to another [19]. The source of the data is not always from the APL layer. 

Sometimes, it can be made by the MAC layer on the condition of no request 

for the next higher layer. In the process of transmitting data, the header and 

footer of each layer will be added to the data unit (DU) and the result will be 

passed to the next lower layer. The data unit in each layer can be recognized 

by the name of the layer. In the APS layer, the DU is named by the APS 

Protocol Data Unit (APDU). In the APL layer, it is the NWK Protocol Data 

Unit (NPDU). Both of them can be transmitter by the radio. 

At the receiver end, the data is transmitted up from one layer to the adjacent 

higher layer. At the same time, the header and the footer of each layer are 

wiped out until the DU gets to the planed layer at the destination.  

 
 

Fig.8 Data transfer service between two devices based on [19] 

2.5.2 Packet structure in ZigBee 

In the ZigBee standard, data and commands can communicate between 

different devices in the form of packets [20].The general structure of a packet 

is shown in Fig 9. The physical layer packet is made by three components: 

the Synchronization header (SHR), the PHY header (PHR) and the PHY 

payload. The function of SHR is to synchronize the receiver and the bit 

stream. And the PHR involves the message of frame length; the PHY payload 

is supplied by the upper layers and contains data or commands for the 

accepted device. The structures of the other layers are analogous. 
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Fig.9 ZigBee packet structure based on [20] 
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3. System description 

In the process of designing the smart home system, the major problem is to 

choose a suitable Bus line or wireless technology to control the system under 

the premise of unified standard as soon as possible. 

By the way of wired technology, all kinds of sensors connect with the 

controller through the bus line. The advantage is that it can simplify the 

design of function units. On the other hand, wiring of complex structures 

have been a problem. In order to solve this problem, a wireless 

communication technology based on ZigBee is presented. 

3.1 Components of the system 

A basic smart home system should consist of four parts: 

Home network: A home network is the very important part of the smart home 

system. In this thesis, I will establish the network based on ZigBee wireless 

technology for data transmission.   

Terminal equipment: the household equipment connects with router as end 

equipment for data acquisition, such as the temperature sensor which gathers 

the temperature information around the environment and sends the data to 

router. 

Home gateway: Home gateway has the function of internet access, and can be 

connected to other networks such as power lines and internet. Through a 

friendly interface, users can easily understand the situation at home and also 

by a simple operation can control home appliances running from anywhere in 

the world every day. 

PC: the interface of human and machine to inquire status and control the end 

device. 

3.2 The choice of network topology 

A network structure has to contain the following characteristics: economic, 

applied, easy to install and control. I have introduced three types of network. 

The star network has a simple structure and it is easy to maintain, but if the 

coordinator is broken, the whole network will be paralyzed and the smart 

home has no sense any more. The mesh network has a strong network 

robustness and system reliability. On the other hand, it is too complex and the 

price is high which is unsuitable for the smart home. Therefore, I choose 

cluster to design the home network [21]. 
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Fig.10 Cluster structure 

3.3 The block diagram of the system 

In this chapter, I will present the wired and wireless integrated networks that 

organize the ZigBee protocol in the wireless networks based on the IEEE 

802.15.4 and transmit the information gathered by wired networks such as the 

internet through WSN (Wireless Sensor Network) Gateway that connects 

sensor networks and wired [24]. 

In the process of designing the network, a coordinator controls the whole 

network as a master node, and the router is the sub-node; every household 

and the related sensor are connected with a router as the end device. Then a 

cluster home network is finished. The remote control can be achieved by a 

gateway which can build a connection between ZigBee network and other 

network such as Internet, GSM and PLC. 

 

Fig.11 The diagram of a smart home network 
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3.4 The establishment of a network 

3.4.1 Addressing Basic 

As we know, every person has an address where you are. It is the same with 

the radios. If you want to send a message, you need to know the address of 

the destination radio. For starters, each radio has a unique and permanently 

assigned 64-bit serial number. There is a shorter 16-bit address that is 

assigned to each radio by the coordinator when the ZigBee network is set up. 

This address is unique and only available in the given network. Please see 

table 2. 

Talbe.2 Addressing types based on [22] 

Types Example Unique 

64-bit 0013A200403E0750 Yes, always and everywhere 

16-bit 23E7 Yes,but only within a network 

In each country, there are a lot of streets. We can tell them apart because 

while their street address is the same, their own or city is different. Each 

ZigBee network has a Personal Area Network (PAN) address which is 

another 16-bit address. There are 65535 16-bit radio address available and 

each has the capability to generate another 65535 16-bit radio addresses 

below it. 

Even if the addressing is perfect, your message can not go through unless 

both radios are turned to the same frequency. When the ZigBee Coordinator 

picks a network PAN, it also checks all the available channels. So when the 

message gets through from one radio to another, the radios need to be the 

same channel and the same PAN information. Moreover, the sending radio 

must know at least one of the receiving radio’s addresses. In a word, the 

unique address of data information includes three addresses: the channel 

number, PAN ID, and the address number. Figure 12 shows two different 

channels and different PAN ID in each channel.  
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Fig.12 Diagram showing channel, PAN, addressing based on [22] 

3.4.2 The process of network 

Based on the above theory, and the NWK layer’s function, the establishment 

of the ZigBee network is as follows [23]: 

First, the master node acting as the coordinator sends a request to establish 

the network and creates a network adjacency table at the same time. 

Coordinator forms a network through a command called NLME-NETWORK-

FORMATION request. This command’s description is as follows:  

 Scan channels, 

 Scan Duration, 

 Beacon Order, 

 Super frame Order, 

 PAN id, 

 Battery Life Extension 

This command is formed in the application layer of the Coordinator, and will 

be sent to its NWK layer management entity, which requests to the equipment 

initialization and form a new network. 

Second, when a network is formed, the following question is to join the 

network. The Coordinator allows devices to join to the network through the 

NLME-PERMITJOINING request. When the coordinator or router devices 

want other equipment to join its network, it will produce this command and 

send it to the network management entities. The flow chart is shown in Figure 

13. 
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Fig.13 The flow chart of the coordinator node 

3.5 The data and command transmission 

 In chapter 2, the thesis has discussed the ZigBee protocol based on IEEE 

802.15.4 and data transmission problem. Based on these theories, the ZigBee 

module is used to design the temperature monitor system which has the 

function of transmitting and receiving data and commands. There is a picture 

which describes an overall process about how to control the heater through 

the ZigBee module. 

 

 
Fig.14 The process from DAQ to heater 

 

 

What is the ZigBee module? A ZigBee module is a board that is 

manufactured application-ready [15]. It is based on the IEEE 802.15.4 

protocol. Each ZigBee module can consume about 18 to 120 milliwatt-hours 

per day. And it can turn on/off one device through the USB port. A ZigBee 

module as a coordinator has the function of powering the ZigBee module as a 

router or end device, exchanging the message with the ZigBee USB/UART 

interface, being powered on/off by the module. So it is available to control 

the household equipment like heater which connects with the ZigBee module. 

One of the advantages is that the device can be turned on/off by the ZigBee 

module connected to it, which is always on. Therefore, this device can go into 

an ultra-low power consumption state [16]. 

 

 

Fig.15 A sampling of ZigBee modules based on [16] 
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Here is a short description of different kinds of ZigBee modules. 

XBee module is an implementation of a ZigBee module which is a self-

contained, modular, cost-effective component that uses radio frequency (RF) 

technology to exchange data between XBee modules [28]. It is available on 

2.4GHz or long range 900 MHz. The main advantage is to use a special sleep 

mode to reduce the energy consumption. 

CC2430 consists of three different versions: CC2430F32/64/128, with 

32/64/128 KB of flash memory separately. The CC2430 is a real System-on –

Chip (SoC) solution for ZigBee applications and IEEE 802.15.4 [29]. 

Because of it, the ZigBee nodes can be built with a very low material costs 

which is highly suited for systems where low power consumption is required. 

ZigBit module is an ultra-compact, low-power, high-sensitivity 2.4GHz IEEE 

802.15.4/ZigBee OEM module based on the innovative mixed-signal 

hardware from Atmel [30]. The purpose of designing ZigBit is to achieve 

wireless sensing, control and data acquisition applications. ZigBit module 

eliminates the needs for costly and time-consumption RF development, and 

shorts time-to-market for a wide range of wireless applications. 

PAN4555 is a short range, low-power, 2.4GHz ISM band transceiver. It 

includes a complete 802.15.4 physical layer (PHY) modem. The module also 

has a reference oscillator which provides a cost effective solution for short-

range data links and networks [31]. 
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4. Temperature monitoring by Labview 

In this chapter, Labview will be used to design and simulate some parts of the 

smart home system such as the home temperature monitoring. 

4.1 Introduction of Labview 
 

Labview (Laboratory Virtual Instrumentation Engineering Workbench), made 

by Jeff  Kodosky, is a platform based on graphical programming. Because of 

it, the engineers can make a progress from design to test and from small to 

large systems [25]. Compared with existing software, IP, and hardware, 

LabView provides unparalleled integration. It uses G language which is a 

kind of data flow programming language to let program designers complete 

the flowchart and the program at the same time. Labview has a huge library 

included data acquisition, serial control, data analysis, data display and data 

storage and so on.  Labview, a software development environment, aims to 

solve problems, improve productivity, and innovate. 

Each VI has Front Panel and Block Diagram. More details about LabView 

will be described in the next parts. 

4.2 The design of temperature monitor 

The temperature monitor system measures the temperature by means of a 

voltage from a thermistor circuit, input to a USB-6009 unit. In Labview, a 

DAQ assistant is used to test the real-time temperature and transform it to 

Fahrenheit or Celsius. In the process of data acquisition, it can display the 

real-time data. When the temperature is more than or less than the limit, the 

warning light will be turned on and the buzzer will ring. Moreover, the 

waveform showing the temperature can be shown up in the waveform chart. 

The program also has the function to generate data files automatically and 

save it to inquiry for users. The function block diagram is shown in Figure 16. 

 

Fig.16 Functions of the temperature monitor 

4.3 Programming design 
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4.3.1 Data Acquisition 

Data acquisition (DAQ) is the process of automatically importing data from 

an instrument or circuit into a computer. It is the communication bridge 

between sensor and computer (e.g. NI USB-6009) which contains digital and 

analog channels.  

 

Fig.17 Flow chart of data acquisition 

 NI USB-6009 is a 14bit, 48kS/s low-cost Multifunction DAQ which has 8 

analog inputs, 2 analog outputs, 12 digital I/O and a 32 bit counter. Based on 

the hardware NI USB-6009, I can connect the temperature data with the 

computer. In the block diagram, I choose DAQ input device to play the role 

of NI USB-6009 [33]. 

PC-THERMISTOR 10364 is a kind of temperature sensor. The change of 

temperature will cause a difference of resistance et. The system can test the 

temperature through the voltage of Rt. The schematic is shown in figure 18. 

 

Fig.18 The schematic of the thermistor circuit 

      .                

                  Fig.19 NI USB-6009                             Fig.20 DAQ Assistant 

4.3.2 Data analysis and display 

The data from the DAQ is the voltage of Rt. We need to transform it to 

temperature. Based on the Steinhardt-Hart equation: 

          3)(lnln1 RCRBAT   ,   T in 
o
K                    [4.1] 



 

 

19 

The value of thermistor can be calculated from the voltage Ut. 

                       )5/(0 ttt URUR                                   [4.2] 

Only three sets of data that are needed to calculate the values of A, B, C. The 

measured data is shown as follows. 

Table.3 The set of temperature and thermistor value 

T( C0
) R(Ω) 

6 13150 

27.5 4900 

45 2150 

The values of A, B, C could be got from the thermistor calculator online [35]. 

So the block diagram is shown in Fig 21. 

 

Fig.21 Transmission from voltage to temperature 

Next, the temperature is Kelvin scale.  The relationships between the different 

temperature scales are: 

                                                                                o
K = 273.15 + 

o
C                                                   [4.3] 

                                                     
o
C = (5/9)*(

o
F-32)                                                  [4.4] 

                                                      
o
F = (9/5)*

o
C+32                                                   [4.5] 
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I display the achieved temperature data in different units like Fahrenheit and 

Celsius based on the function 328.1  TF  by select a device and a vertical 

slide switch device. The block diagram is shown in Fig 22. 

 

Fig.22 The transform between Fahrenheit and Celsius 

Third, I compare the current temperature with upper limit and low limit 

separately. If the home temperature is higher, then the cooler can be turned on 

through a ZigBee wireless network as I said before in chapter 3.5. At the 

same time, I am going to set up the upper limit and lower limit of the 

temperature and display the three signals in a waveform chart. The alarm 

function is also included. When the home temperature is beyond the limit, the 

“dangerous” light will be bright and the alarm will ring. The block diagram is 

shown in Fig 23. 

 

Fig.23 Waveform display and alarm 
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Finally, the temperature data will be saved in an Excel file which is 

convenient for users to inquiry. 

 

Fig.24 Data storage 

4.3.3 Data output 

Based on the previous analysis, the next thing is to output a control signal. 

The same as before, I choose DAQ assistant as Labview output device to 

connect with USB-6009 digital output channel.  

Differently, I plan to control the end device through different channels. 

If the home temperature is low, the heater should be switched on to work. If 

the temperature is high, the cooler will start working. Both of the control 

theories are the same. The control signals should be separated to different 

channels for better control of the heater and cooler. 
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Fig.25 The whole block diagram 

 

Fig.26 The front panel 
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5. Results and analysis 

5.1 An analysis of the system 

5.1.1 The function of the system 

Based on the ZigBee wireless network, a smart home system can have the 

functions as follows: 

 Temperature monitoring in real-time: the data from the thermistor will be sent 

to the computer. After analyzing, the commands will be sent to the heater or 

cooler by the computer and control the status of end devices. All the actions 

are depended on the ZigBee network. More details about temperature 

monitoring will be shown in the chapter 4. 

 Lights control: you can control the lights by different ways. For example 

when you are not at home, if you want to make sure that all the lights have 

been turned off, it is available to use the computer of your office or your 

phone. It can be achieved by the gateway as I talked in chapter 3.1. Moreover, 

you can change the scene of the lights in different ways. 

 Security: the security is an important part of the smart home system which 

includes the smoke alarm, door alarm and etc. I can use an easy smoke sensor 

to monitor the density of smoke. And the door part can be based on the 

technology of face or fingerprint recognition. 

 Meter reading: the price of electricity could be known from the Utility 

Company which will have an effect on energy intensive appliances such as 

washing machine and vehicles charging. 

There is no doubt that smart home system has a lot of extra functions. I just 

mention some of them. 

5.1.2 Advantages and disadvantages 

Everything has advantages and disadvantages. Why smart home has achieved 

a good development? The most important is that the smart control system can 

sense the change of the surrounding environment automatically and give a 

response at the same time such as the change of temperature and density of 

gas. Wireless control, smart lighting and others are included. The smart home 

makes our life more comfortable, convenient and efficient. 

On the other hand, there are some disadvantages. The smart home system is 

quite expensive. An ordinary family may not be able to afford it. What’s 

more, one needs some time to learn how to use it skillfully. Not every one can 

easily handle the smart products especially kids and the old. So it is difficult 

to popularize the smart home system in a certain extent. 

5.2. Analysis 
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5.2.1 Energy saving 
 

There is a picture which describes the energy consumption in Australian 

private households [34]. I can make a conclusion that heating and cooling the 

living space occupies a large proportion at home. So it is urgent and essential 

to control the home temperature automatically. 
 

 
 

Fig.31 Energy consumption in Australia based on [34] 

 

Because of the application of smart home, the energy consumption has been 

decreased to a certain degree. It controls the lights, heating, audio, and more. 

A study shows that it makes a contribution to reduce energy consumption. 

Here is a picture describing the energy saving from home automation [27]. 

The overall consumption of gas and electricity has continued to decline 

throughout 2010. The orange solid line is the electricity consumption 

measured by kwH (Kilowatt hour), the orange dotted line is the average value. 

The blue line is the gas decline measured by Therms. 
 

 
 

Fig.32 Home automation energy saving based on [27] 

 

5.2.2 Accuracy analysis 
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Because the thermistor has defect of the temperature accuracy and a little 

delay of reaction, the accuracy of the temperature control is limited. However, 

the time delay and error are not very critical in this application. Human 

perception of some delay of some deviation in temperature is very limited. 

Relatively speaking, environment control is better than before. 

There are two methods to estimate the temperature based on a thermistor. In 

figure 35, the blue line is the error when using S-H (Steinhart-Hart) to 

estimate temperature over our temperature range. The maximum error is 

0.012 °C. The green line is using a Third-order polynomial fit; the maximum 

error is 0.21 °C [32]. 
 

 
 

Fig.33 the relationship between temperature and error based on [32] 

5.3 The result of the temperature monitoring system. 
 

According to figure 15, I connected the temperature sensor, the USB-6009 

unit, and computer, and pressed the start button in the Labview front panel. 

The result of the Labview platform is as follows: 

The thermistor theory is to read the voltage of the thermistor. First, I do a 

simulation by offering a voltage from the Laboratory DC power supply to the 

USB-6009 channel 0. The result of different voltage is shown in Fig 27. 
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        Fig.27 Display of temperature as a result of DAQ input voltage 
 

Based on the result of the experiment, the system shows that when the voltage 

is increased, the displayed temperature is decreased. 

Next I do a simulation by thermistor. First, I test the room temperature and 

compared with the result of digital pocket thermometer. Then I test my hands 

temperature. The results are as follows. 

 

 
Fig.28 The temperature of room 
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Fig.29 Comparison with digital thermometer 
 

 
 

Fig.30 The temperature of my hand over time 
 

From the figure, we can see that when I put the thermistor in my hand, the 

temperature is increased. 

 

Based on the results of simulation, the Labview program is shown to work, 

including the temperature display, saving data in a file, and warning lights for 

too high or too low temperature. In that case, also digital signals are sent to 

the DAQ output channels. 
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6. Discussion and conclusion 

Based on the above analysis and results, the temperature monitoring system 

has some improvement on temperature controlling automatically and energy 

saving.The results in section 5.3 shows that it is possible to design a heater 

and cooler control system, based on a thermistor. 

On the one hand, the smart home technology makes human life more 

abundant and intelligent. On the other hand, there are some problems such as 

the implementation and operation of the smart home. ZigBee is a kind of low-

cost, low- rate, and short-range wireless technology which solves the problem 

of cost and energy. Compared with other wireless and wire technologies, 

Zigbee technology has advantages and disadvantage. The disadvantage is that 

it is an emerging technology that needs further development.  

Reviewing the entire thesis, the smart home system is useful in achieving the 

function of automatically controlling household equipments. Combined with 

ZigBee wireless technology, using a cluster topology to design the smart 

system which includes the coordinator, router and end device et. It was shown 

that the smart home system based on ZigBee technology is useful and can be 

implemented. The Labview simulation helps a lot to make it possible to 

design a more multifunctional automatically controlling system. The trends of 

the smart home systems are: 

 Networking technology changes from wired to wireless; 

 System integration, modular functions; 

 Increased possibilities for remote control; 

 Saving energy and intelligent. 

Without doubt, the smart home system will make a great contribution to our 

future life. It is developed for a comfortable, convenient, efficient and smart 

residence. At the same time, it is the product of modern science and 

technology. 
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