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ABSTRACT 
 

 A luxurious, peaceful and comfortable home is the dream of every human being. 

Humans struggle a lot to make their homes comfortable and more manageable. In doing 

so, their prime priority is to set the home temperature that is more suitable for 

comfortable living. Home temperature mostly depends upon the outside weather 

conditions. Therefore, setting the suitable living temperature for the home each time 

according to the weather conditions outside can be a hectic job for the home owner. On 

top of all, once the temperature is set than owner will have to wait until the home 

temperature changes from current temperature to desired one. This thing not only leads 

towards the uncomfortable living environment plus it also adds some undesirable effects 

on the owner’s mood. 
 

 To overcome all these hurdles an algorithm was designed and implemented. We 

managed these devices from anywhere using our cellphone and saved the energy 

consumed by these devices. By means of Information Technology we managed the home 

temperature efficiently and overcome expected problems. Temperature sensors were used 

to sense the outside temperature conditions. By implementing fuzzy logic we can set 

temperature level which would be easy for people to manage temperature according to 

their need. 
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1. INTRODUCTION 
 

 In past fifteen years, Computer has given a totally new dimension to the way people 

communicate with each other. The ever increasing technological trends in computer 

sciences have made it possible for general purpose devices like: fridge, TV, microwaves, 

to have the microprocessors installed in them and to be controlled by it. This thing has 

shifted the paradigm of communication from Human-Computer/Network-Human to 

Device-Computer/Network-Human and Device-Computer/Network-Device. Means, now, 

the devices can also communicate directly to the human being or the other devices by 

using a network to get a task done. This is what we call IoT (Internet of Thinngs). 
 

 There is no place like home in this world. Everybody struggles to make their home 

more decorative, manageable, and comfortable. For that purpose they install different 

electronic devices in their homes. These electronic devices can make the home look well 
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decorated and very comfortable. The most important device is the air-conditioner. Air 

conditioners available today are used to control the temperature of the home according to 

the single temperature value set by the owner/operator. Unfortunately, this thing seems 

unrealistic and it is not understandable by most of owners. Because it is really difficult 

for the owner to tell the exact temperature value that should suite his/her mood and 

comfort level. 
 

 On top of all, it is not necessary for everyone to have an air-conditioner as air 

conditioners are heavy duty electronic devices and the cost of electricity is very high now 

a day. So, there should be a human friendly, easy to use, and personalized way for the 

home owner to manage the temperature of his/her home according to his/her mood, no 

matter they have air-conditioners or not. Therefore, there should have to be a way for 

everyone to manage and control the temperature controlling appliances. Obviously, the 

effective controlling and managing these devices with also lead towards the efficient 

consumption of electricity and lower monthly bills. 
 

 So, by using fuzzy logic a solution will be provided to the home owner that would 

empower him to set the temperature of home by using easy to use and understandable 

temperature benchmarks like: cold, warm, hot, very hot, cold, and very cold. Also, the 

home owner should be able to attach and control any temperature controlling appliance. 

Then, by the use of IoT technology the owner will be able to control the home 

temperature by using his smartphone anywhere in the world. 

 

2. RELATED WORK 
 

 The proposed research is based on two most widely used technologies those are 

Fuzzy Logic and IoT. Fuzzy logic is an approach to computing based on "degrees of 

truth" rather than the usual "true or false" (1 or 0) Boolean logic on which the modern 

computer is based (“Fuzzy logic - Wikipedia,” 2016). A lot of work has done on fuzzy 

logic. Fuzzy logic is designed and implemented in microcontroller without using any 

special software tool (Hanamane et al., 2006). Different microprocessor based circuits 

can be used to implement the Fuzzy Logic like 8085 based circuit (Hanamane et al., 

2006). The reason for using fuzzy logic in control applications stems from the idea of 

modeling uncertainties in the knowledge of a system’s behavior through fuzzy sets and 

rules that are vaguely or ambiguously specified (Aguilar et al., 2009). Fuzzy logic can 

also be implemented by using Java language then it can be used in all the Java supported 

hardware and microcontrollers (“jFuzzyLogic,” 2016). Arduino is Java based open-

source electronics hardware platform that supports the low cost and easy to use 

implementation (Kumar et al., 2016). Arduino and Java technology can be used together 

to create a low cost Fuzzy Logic controller with the support of IoT (He, 2016). 
 

 The IoT links objects to the Internet, enabling data and insights never available before 

(“Internet of Things (IoT) - Cisco,” 2016). Internet of Things (IoT) is when the Internet 

and networks expand to places such as manufacturing floors, energy grids, healthcare 

facilities, and transportation (“Internet of Things (IoT) - Cisco,” 2016). By the use of IoT 

and Arduino the home owner would be able to check the temperature and would be able 

to manage the temperature of home regardless of time and place (Ra et al., 2016). The 

main factor IoT concept is the integration of different technologies. The IoT is 
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empowered by the hottest developments in RFID, smart sensors, communication 

technologies, and Internet protocols (Shah, 2016). 
 

 According to Hanamane, 2006 a hardware was developed which is used to control 

temperature through fuzzy logic by ON-time of the heater through PPI 8255. The actual 

temperature is read by the thermistor and it is compared with the temperature set by the 

user. Microprocessor based control circuit is used to implement fuzzy controller. 
 

 Hasim, 2012 designed a fuzzy logic controller to control water bath temperature, it 

will control temperature of water in real time, that means that the temperature of the 

water will be controlled while bathing. It uses the MATLAB Fuzzy Logic Toolbox to get 

the goal achieved. For designing of a fuzzy controller the 4x4 matrix rule is followed. 
 

 Yu, 2010 proposed a fuzzy rule based system that successfully incorporates the 

flexibility of human decision making by means of the use of fuzzy set theory using 

algorithms and different linear programming techniques. Plus, an evolvable hardware is 

also designed for making fuzzy controller more capable. The basic property of the 

evolvable hardware is to dynamically change its architecture and behavior according to 

the environment in which it is running. 
 

 To implement the automatic temperature setting in Textile Air Conditioning and 

monitoring system on the basis of IoT, three subsystems were composed by H. Chen, 

2015. These subsystems were: remote monitoring subsystem, database subsystem, and 

local monitoring subsystem. The system uses GPRS communication and computer 

networks to control the data both remotely and locally. The humidity and temperature 

control has been done by the use of Fuzzy Controller.  
 

 Temperature control can be implemented in Green House by using adaptive method 

based on fuzzy logic control (L. Chen et al, 2013). To get the greenhouse the exact and 

desired temperature the mathematic model is constructed first. After that the MATLAB is 

used with Simulink tools to implement the fuzzy logic controller. L. Chen, 2013 has 

programmed the fuzzy controller by using the Visual Basic to control the greenhouse. 
 

 By the use of Arduino UNO a very low cost soil moisture check sensor can be 

designed (Kumar et al., 2016). It is really difficult for the farmers to purchase the devices 

to check the moisture level in the soil. The right moisture level in the soil guarantees the 

higher crop yields. In case of inappropriate moisture level the system will guide the 

farmer to give or stop the water supply to the crops.  
 

 A lot of work has been done on food monitoring during cooking and packing. But, for 

monitoring the quality of the food while transporting the food to different 

locations/destinations there is a need for some improvement in the standards. 

Maksimović, Vujović et al., 2015 has ensured the monitoring of the food safety and 

traceability while transportation of the food from one place to another. This is a low cost 

IoT solution that helps the managers to have an eye on the food even when it is being 

transported to some other location all the way.  
 

 IoT is being used most widely in home automation and in creating smart buildings. 

Different protocols are used in home automation, like: ZigBee, Wi-Fi, and Bluetooth. The 

problem is that the existing home equipment often require network communication 
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enabled power plugs or devices. These devices use some unique communication protocol 

defined by the company. Therefore these devices are not able to communicate with other 

devices. In  Ra et al., 2016, has solved this problem by using Smart Home Automation 

Framework (SHAF). Here Ruspberry Pi and ZigBee is used as the smart home server. 

Client is the android and windows smartphone. 
 

 In IoT the network and sensor performance is a really very critical thing. Network 

components and sensors works as the integral part of IoT. By using the soft computing 

technologies like Fuzzy Logic the performance of network and sensors can be improved a 

lot. Maksimović at al., 2015 used the soft computing technologies for the detection and 

monitoring of the residential based fire is being done very efficiently. 
 

 Internet of things defines the worldwide network of smart objects those can 

communicate with each other on the computer network and get the information on the 

basis of the sensors attached with them. This information can be accessed anywhere in 

the world by the use of computer networks. These objects keep on interacting with each 

other and it requires more power. The more these sensors are efficient the less power they 

will consume. Choice of the algorithms to program these objects also plays an important 

role in power/energy consumption. Vujovic et al., 2015 designed a prototype sensor node 

with fuzzy logic for decision making process is built and tested in real time. 
 

 Singhala et al., 2014 proposed a room temperature controller designed by using fuzzy 

logic controller. Here the first job of temperature control is to set the temperature up to 

the required temperature and second job of temperature control is to insure that the 

temperate is according to the desired value. The desired output is get by using the 

feedback controller. MATLAB is used here to design the Fuzzy Controller. 
 

 The short fuzzy logic tutorial is designed by Yildiz, 2010 that helps the starters to 

design the fuzzy logic controller. It explains that the crisp inputs are taken and then it is 

converted to the fuzzy set using the fuzzy linguistic variables, terms and member 

functions. This thing is called fuzzification (Yildiz, 2010). Than on the basis of rules 

inference is made. In the end by the use of defuzzification process the fuzzy output is 

mapped to the crisp output. It also identifies the way to control the temperature of the air 

conditioner. 
 

 Fuzzy logic technique is used to design the solution for multi-parameter and non-

linear control model (Isizoh et al., 2012). It makes the solutions efficient than the 

traditional control design techniques. Here microcontroller, temperature sensor, and the 

operational amplifier, analogue to digital converter, display and output interface circuit 

are used to design the fuzzy logic based temperature control system. 
 

 Yao et al., 2015 stated that the buildings in United States consume 74% of electricity 

of the country. The number of energy efficient buildings is very less and their 

performance is unsatisfactory. Therefore there is a huge loss due to this huge electricity 

consumption. Plus the emission of greenhouse gases is resulting in the more polluted 

environment. Yao, 2015 offers to increase the efficiency and effectiveness of the 

buildings by installing smart building IoT features and putting them on to the solar 

power. As, at the day time the building will get the energy form the Sun and will also 

store that energy in the battery so that that energy could be consumed later on. And when 
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the day light begins to wash away, the buildings are converted automatically to the 

battery source those were charged all day long, as at night the consumption of the 

electricity is lower comparing to the consumption of electricity at day time. 

 

3. FUZZY CONTROLLER 
 

 Fuzzy Controller is a system in which fuzzy logic is implemented for calculating the 

results. Fuzzy controller is built after following some major principles described below. 

 

 

Figure 1: Principles of Fuzzy Logic System 

 

i. Fuzzification 

 Input variables of fuzzy system are mapped by sets of membership functions known 

as fuzzy sets. In our system the fuzzy sets related to temperature are too-cold, cold, 

warm, Hot, too-hot. Fuzzy sets and fuzzy membership functions are two important points 

to understand. As we have set 40°C<TEMP<80°C then if temperature is 40 it did not 

belong to hot but in fuzzy set it belong to hot with 0 membership function. And if 

temperature rises like 60°C<TEMP<80°C then membership function will be 0.98. The 

crisp input values are converted into fuzzy values and this process of conversion is called 

fuzzification. 
 

ii. Membership Functions: 

 Membership functions is curve built in MATLAB and are used to mapped 

membership values between 0 and 1. They actually show how input space is mapped to 

membership value.  
 

 Membership function for inside temperature, outside temperature and set temperature 

are given below. 
 

  

Fuzzy Logic 
System 

Fuzzification 

Fuzzy Rules 

Inference 

Defuzzification 
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a. Inside Temperature Membership Function: 

 We will give inside temperature as input variable. The figure shows that temperature 

less than 24°C will be cold and temperature between 24°C and 26°C is warm and above 

that will be hot.  
 

 
Figure 2: Inside Temperature Membership Function 

 

b. Outside Temperature Membership Function: 

 We will give outside temperature as output variable. The figure shows that 

temperature less than 24°C will be cold and after that variability in temperature is shown.  
 

 
Figure 3: Outside Temperature Membership Function 

 

c. Set Temperature Membership Function: 

 If temperature is given in 24°C and less then hot air will be set and if temperature is 

greater than 26°C then cold air will be set.  
 

 
Figure 4: Set Temperature Membership Function 
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iii. Fuzzy Rules: 

 Fuzzy rules are implemented by using simple IF ELSE logic. These rules are used for 

controlling the output variable. The heating and cooling will be turned on by the 

Temperature Controller on the basis of inside home temperature. 

 

 
Figure 5: Fuzzy Rule for Temperature Control 

 

Inference graph below is showing implementation of fuzzy rules in MATLAB  

 

 

 
Figure 6: Graph Showing Fuzzy Rules 

 

iv. Inference:  

 Fuzzy Inference involves membership functions, fuzzy rules and logical operators. 

Mapping from given input to an output using fuzzy logic is fuzzy inference. Fuzzy 

inference consists of five different parts: 

 Fuzzification of input variables 

 Apply fuzzy operator 

 Apply implication method 

 Defuzzification 
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Fuzzification of input variables 

 Crisp values should be taken first as input and assigning them some score so that we 

can check the degree of the input via membership functions. As we have discussed in 

section ii membership functions explaining that, when temperature would be cold, warm 

and hot. At what degree temperature will be hot at what degree temperature will be warm 

and at what degree temperature will be cold is fuzzification value. 

 

Apply Fuzzy Operator 

 Fuzzy operators are “or and”. Or is used for probabilistic and maximum, and is used 

for minimum and product. We are using “and” operator in our research work for the 

fuzzy rules. If outside temperature is very cold and inside temperature is cold then hot air 

will be output. So by giving two values we give one output this is the result of fuzzy 

operator. 

 

Apply Implication Method 

 Implication method is to assign values from 0 to 1 to the rules 

 

 

Figure 7: Implication Method of Fuzzy Inference 

 

 

Figure 8: Surface View of Fuzzy Control System 
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Defuzzification:  

 Combining all result and given a single output is called defuzzification. We gave 

fuzzy set as input and in return we get different set of values as output, for getting single 

value as output we use defuzzification process. MATLAB support five different types of 

defuzzification methods which are built in. Most popular and used method is centroid 

which we are going to use in this paper.  

 

4. IMPLEMENTATION of WORK 
 

 The system will take two inputs by the use of temperature sensor LM-35. One 

temperature sensor was placed outside to monitor the outside temperature and one 

temperature sensor was placed inside the room to sense the temperature of the room. 
 

 The temperature sensor located outside sent the output to the fuzzy controller. The 

fuzzy controller has converted the temperature to defined linguistic variable “Very Cold, 

Cold, Warm, Hot, or Very Hot” and passed to the temperature controller installed inside 

the room. Similarly the inside temperature will also be converted in to linguistic term and 

sent to the temperature controller.  

 

 

Figure 9: Implementation of Work 

 

 We have created the fuzzy logic controller in C language and hard wired it to the 

Arduino board chip. We have controlled four appliances with our temperature controller: 

a) AC 

b) Heaters 

c) Exhaust 

d) Fan 
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Figure 10: Architectural Diagram 

 

 For each appliance we have selected a dedicated digital port for communication with 

Arduino Board.  
 

 Therefore, we can effectively turn them ON or OFF and can get their status.  
 

 Now, on the basis of linguistic variable selected for both inside and outside 

temperature sensors, the fuzzy inference rules have been applied. The fuzzy controller 

has selected the appropriate device by taking into account the inference rules. After 

selecting the device, the fuzzy controller has sent the signal to the device by digital ports 

located in the Arduino board to turn them on. 
 

 
Figure 11: Circuit Diagram 

 

Before turning the device on the fuzzy controller will set off any other running device. If 

the same device is already running than fuzzy controller will not turn off that device. The 

following states are defined in our Temperature Controller: 

1. Turn ON/OFF Heating Air 

2. Turn ON/OFF Fan Hair 

3. Turn ON/OFF Exhaust Air 

4. Turn ON/OFF Cool Air 
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 The use of Arduino with Ethernet Shield and Android SDK has built up the IoT part. 

Because of Ethernet shield the control and status of our temperature controller is 

accessible anywhere around the world by the owner. Now the owner can turn off the 

temperature controller and can view the status of the controller by using its mobile phone 

and internet. 

 

 
Figure 12: Working of Temperature Control on Aurdino 

 

 
Figure 13: Turn on AC 
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Figure 14: Turn on Exhaust 

 

 
Figure 15: Turn on Fan 

 

 
Figure 16: Turn on Heat 
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5. CONCLUSION 
 

 Fuzzy Controller is designed for managing home temperature. Simulations and testing 

have been shown in paper which is done in MATLAB. As shown above in 

implementation and result section through fuzzy controller and temperature sensors we 

can control the temperature of home or room and can set it according to our need. We 

have designed a device with aurdino board which is more compatible, easy to use and can 

be used by any person, it is also low budget device so that every person can buy and use 

it. 

 

6. FUTURE WORK 
 

 In future we want to implement Markov chain a statistical approach for designing 

temperature controller and then integrating it with IoT and fuzzy logic. 
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