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Abstract 

 This capstone project principally focuses on designing and implementing a smart home 

automation system that is capable of monitoring devices and ensuring energy saving in a house. This 

project consists of two preeminent parts: monitoring and energy saving. Hence, this report will 

provide a meticulous explanation of each part of the architecture, and the steps of achieving this 

system.  

 Starting this project required a profound and thoughtful research represented in the literature 

review by analyzing the available smart home system in order to compare it with  the achieved smart 

home system. Furthermore, the literature review will analyze the importance of IoT in the present 

world. Finally, it will highlight the necessity of energy saving around the world, and the particular case 

of Morocco, and then it will demonstrate the ability of this project to save energy. 

 The implementation of this system relied on several tools assembled together to achieve the 

final prototype. Sensors are essential tools for this project along with microcontrollers like Raspberry 

Pi and Arduino, as they were purchased online, and assembled following a specific architecture. 

Different programming languages were combined in this project. Python and C++ mainly for 

programming sensors and microcontrollers, while JavaScript, JQuery, CSS, HTML, and PHP were 

used to develop a web interface to provide the user, of smart home system, a set of nodes used to 

control house appliances and watch of the house performance, billing, and power consumption.  

 After establishing and setting the physical layer, a database is created to store the information 

generated by each device separately, and to plot graphs for the user to illustrate the consumption of 

each device and track environmental parameters (humidity, temperature, etc.) In addition, the 
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database will guide the user to map the performance of the house in previous periods, and establish a 

correlation with certain events.  

 The outcome of this project is to build a reliable smart home automation system able to 

control various devices around the house, and ensure energy saving in all devices. The leading focus 

is to help the user to keep an eye on the energy level used by the house with the intention to protect 

the environment and saving billing costs, among other benefits enumerated through this report.  

Keywords: IoT, Demand and Response, Smart Home Design, Testing, Sensors, Power Control 

Algorithms, …
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Introduction 

Motivation 

Smart home system is a simple interconnection setup between several devices that can be 

controlled remotely through a network. Since it is a well-known demonstration of IoT systems, it 

exhibits a high level of data communication and information sharing to ensure home adjustments 

following the desires of house owners [1].  

 In 1975, Pico electronics developed a smart home system that was controlling appliances 

using power lines [1]. In 1984, an association called “Homebuilders” helped to increase the efforts 

and enhancing the smart home industry. Moreover, the current market is very appealing since it is 

contributing with $48,730; this rate is predicated to develop at 25.0% yearly, and contributing with 

$119,088M in the United States in  2022 [1].  

      Every great project should have a noble reason behind it. Smart home automation system is 

expected to have a moral, humanitarian, and environmental goal. Having a disability can prevent one 

from controlling the house. Thence, being able to control remotely home devices offers a wide range 

of independency, and assisting individuals in controlling their houses regardless of their health 

conditions. Moreover, it will benefit elderly by providing a low cost, suitable, and adaptable system 

convenient to their conditions. The moral motivation of this project is centralized on assisting all 

individuals in controlling their houses freely and autonomously.  

 Regarding the environmental aspect, this project was chosen for its great impact on the 

environment. Additionally, the created system will support the Moroccan Green plan, and will 

encourage the use of renewable energies, by proving its effectiveness in reducing the energy bill. 

Having sensors that keep track of the energy level of each device will create considerable energy 
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awareness; consequently, it will push the users to reduce the usage of electricity power and replace it 

with solar power.  

 As, an honors student helping humanity and the environment is a necessity, and this project 

fulfill perfectly all my needs to improve the human life conditions while ensuring the improvement of 

the surrounding environment.  

 Objectives 

 The objectives of this capstone project revolve around creating a reliable, secure and smart 

home automation system while ensuring the energy saving. The control process will be managing 

actuators and microcontrollers like Arduinos, and the automation process will be managed by a 

gateway using a Raspberry Pi. Furthermore, the system will be able to provide information about the 

electricity billing and keep track of the decrease/increase of energy use. Thence, the family members 

should be able to control their house remotely and effectively. 

  The end goal of this capstone project is to implement a system that exceeds the properties 

of the state of the art. In addition, it must be able to build a well-designed and tested system using 

several technologies and knowledge background acquired during my studies. This particular research 

is special because it is focusing on the Moroccan context and aiming to arrange a system that is 

innovative compared to the Moroccan market.  

The overall objectives required in this capstone project are as follows: 

 Build a secure, efficient and reliable system  

 Provide controlling services for house appliances 

 Ensure the energy saving  

 Improve the house’s performance 
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Literature Review 

 Conducting a literature review is a necessity before diving in the technicalities of this project. 

It will help reinforce the theoretical knowledge about the current smart home automation systems. 

Furthermore, it will explore the smart home applications available in Morocco and their 

properties. 

 IoT system 

Smart home systems generally focus on automating the use of appliances and enhancing the user 

experience, however, the key element of this project is ensuring an enjoyable mechanization of 

systems while maintaining an effective power-usage. In order to ensure power saving, this system 

relies on a smart “power scheduling algorithm.” This type of algorithm will allow householders an 

optimal management of energy by making a prior decision on how to use electricity and, 

consequently, the energy consumption decreases remarkably [5].  

The collection of communication and sensing technologies used in home automation creates a 

tremendous amount of services provided for this system. Moreover, the devices in the house vary 

between communication and computation appliances and diversify between simple sensing nodes and 

extremely sophisticated nodes. This network combination falls under the global and trending term of 

“Internet of Things” [5]. This term refers to the concept of having interconnections between different 

devices that are apt to compile data [6]. This definition reflects on smart home systems as a 

discernible example of IoT systems that it is aiming to enhance the quality of life and improve comfort 

while using smart nodes [5].  

The use of the concept of IoT system along with smart sensors opened the door for creating 

energy-aware houses [5]. Moreover, Figure 1 shows clearly the increasing interest in the notion of 

smart homes and the Internet of Things since 2004 based on the analysis of Google trends. Present-
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day homes are furnished with smart meters, well-informed control appliances and detecting gadgets 

to enforce the improvement of energy-aware systems. Despite the fact that smart homes have been a 

fantasy for the consumers, but this system can be affordably true for users [5].  

 

Figure 1. Growing interest for smart home, smart grids, and IOT 

Electricity billing in M orocco  

 Morocco is currently depends on demand response system that is relying on peak time. 

Before 2008, the electricity billing system in Morocco used a fixed rate to estimate the bill of the 

power usage. However, the use of peak time system make the billing fluctuating based on the time of 

usage. Hence, this smart home system will ensure that the time of scheduling any tasks will be defined 

outside the peak times based on the user desires. 

Available Systems  

 To reflect on the available systems, I have chosen the best system of Smart homes on the 

worldwide and the Moroccan level in order to illustrate a clear comparison between the systems 

implemented in this capstone.  
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Worldwide Systems  

Amazon Echo 

 Amazon echo’s current cost 119.99$, is an affordable Amazon assistant. “Alexa” 

controls the smart home devices via instructions given by the user. However, the user must 

customize the functionalities before start using the system. Furthermore, the network 

technology of this system is Bluetooth. Yet, the systems operations are basic and consist of 

answering the query of the user. If the user of the system would like to extend the application 

of the system, they must install some built-in support functions. Even though Amazon is a 

home assistant, the system is not particularly designed to control house appliances and keep 

track of the home performance. [1] 

Google Home Max 

 The device is produced by Google and costs around 400$, and it is specified as 

home assistant. This voice assistant was particularly designed to compete with Sonos and 

Bang. The different services provided by the system allow doing various tasks like receiving 

updates, playing music in the house, etc. In the same way of Amazon, the home service is not 

particularly built-in gadget. It support less specific services, but if they are integrated, the 

system can handle these kinds of queries [2]. 

Ecobee4 

 Ecobee4 created by Ecobee company and costs 249$. This system is a smart home 

automation that requires the installation of wireless sensors around the house to keep track of 

the house’s performance; this product makes it quite similar to the project that is being 

implemented, yet it does not ensure any energy saving. Furthermore, the variety of sensors 

offered is quite limited compared to this capstone system. It offers temperature and 

occupancy, and other few sensors. Additionally, it provides Switch+ as a smart light switch 
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since May 2017. Moreover, it has a mode called “vacation” that can be programmed while 

being away from home [3]. 

Moroccan Systems  

 The Moroccan involvement in smart home automation systems is very recent. Hence, 

creating a smart home application with an affordable price will be extremely valuable. Maroc 

Telecom launched a service of smart home automation named “Smart Life.” However, the 

system provided relies on securing the house inside/out by controlling doors and using 

cameras. Yet, they indicated that the system could provide additional services like fume 

detection, and controlling curtains. The total cost of this offer is 4800 MAD for installation 

and 79 MAD monthly. This cost is higher than what this project can really cost while 

considering that it is providing more services than what Maroc Telecome is establishing. 

Finding available solutions of smart systems in Morocco is an exhausting task because the 

Moroccan market does not rely on designed and already-implemented solutions. Many 

companies are offering partial solutions either by just securing, controlling, or monitoring the 

energy separately. Yet, this capstone project is a combination of these manageable tasks into 

one system that is helping the users to manage every aspect of their houses. This would give 

this project a competitive advantage in the Moroccan Market and distinguish itself among 

competitors. [4] 

STEEPLE Analysis  

 In order to prove the usefulness of this project, a STEEPLE analysis is required to clarify all 

aspects of this project: Socially, technologically, environmentally, ethically, politically, legally, and 

economically:  
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 Socially, this project intends to provide an efficient solution of smart home automation 

system while ensuring the energy saving. Additionally, it aims to provide an autonomous service 

for individuals with disabilities and the elderly. It will assist them in controlling the house and 

fulfilling their needs accordingly. Moreover, it will provide an innovative and economic solution 

for the Moroccan market while ensuring energy saving and reducing the electricity bill for the 

user.  

 Technologically, this project will illustrate an efficient and creative system that combines 

many utilities and aspires to provide multiple functionalities. This system relies particularly on 

many aspects of technology. The first part is about the hardware and microcontrollers. The 

manipulation of this part requires knowledge in mechatronics and electric circuits. The other 

technology used is based on algorithms that control the devices and watch the performance of 

sensors. Moreover, another technology would be mainly dealing with data access and storage in 

the Cloud. Finally, implementation of the web application requires a very good knowledge in 

web development and design.  

 Environmentally, smart home automation system is environment friendly. Additionally, this 

system will not pollute the globe, and it will contribute to the energy saving and decrease the 

energy waste. Moreover, the use of this system will not be limited only for houses, but it can be 

used in industries to ensure that the energy usage is efficient in all steps of production. It is 

important to emphasis that this project is an example of green systems that will help to reduce the 

emissions. 

 Ethically, this system is ethical in all aspects. It aims to provide independence to individuals 

with difficulties in monitoring the house. Furthermore, it will ensure that there is not waste of 

energy in the house.  
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 Politically, this project will have great political implications to Morocco since it promotes 

energy saving technologies, and will encourage Morocco to define legal frames for such systems. 

It will help to create regulations that will support the Moroccan Green vision, promote for energy 

saving, and the use of renewable energies. Such a system can create a great environmental 

awareness for the political parties in Morocco, and promote effectively for the ecofriendly vision.  

 Legally, similarly this project does not have any legal implication on the users because it 

follows the Moroccan and international rules. Yet, it will help houses and industries to respect the 

legal environmental laws.  

 Economically, this project has a great economical value as it offers a cheaper solution with 

diverse functionalities. Furthermore, it offers an economical value to the user since it helps to 

reduce the electricity bill significantly. 

Requirements Specifications 

 Requirements specifications are a blueprint that highlights the features expected from the 

software system to achieve upon compilation. It incorporates a set of behaviors and 

characteristics that highlight the functionality that will satisfy the users’ needs. Notwithstanding, it 

determines how the system must carry on with daily tasks and deal with abnormal behavior. 

Moreover, the requirements specifications delineate the presumptions that have been made 

before designing the system and what key performance features should be met by the Smart 

Home Automation framework  [8].   
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  Functional  

  The functional requirements describe the functions excepted from the system to achieve. 

Thence, this part will highlight the operations desired to be achieved by the smart home automation 

system, and enumerates the end-goal of the designed project [9]: 

 Create User: The system should allow each householder to create his or her own account 

to control his or her owned house.  

 Add User: The account created by the system should allow adding all family members that 

share the same house into the same account. I have opted to share accounts instead of 

having multiple accounts to encapsulate the same house users into the same account.  

 Delete User: The system should allow deleting any user from the list of the users that share 

the same home account.  

 Add Device: depending on the house appliances, the user must be able to adapt the system 

to the devices that they are available by adding gadgets like (TV, air conditioners, lights, 

washing machines, etc.) 

 Delete Device: The users must be able to delete devices they would not like to use anymore 

in their system.  

 Check report: This functionality allows to make reports the user can check to keep track of 

the house performance and power usage.  

 Control devices: This is one of the main features of the system that allows turning devices 

on and off. For example: lights, TV, Washing Machine, etc. This function will incorporate a 

functionality of ensuring power saving while also performing such tasks.  
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Non-functional 

  Functional requirement defines what the system should achieve although non-functional 

requirement delineate how the project should behave [10]. Hence, the non-functional specifications 

are decisive to highlight the user expectation in terms of reliability, security, performance, etc.  

 Reliability: The system is expected to be reliable while using the application under any 

conditions. As long as the electricity and the Internet are available, the system should 

accomplish the required task. Nevertheless, in case the Internet is not available the system 

should still ensure the achievements of automation tasks.  

 Maintainability: The created system must be maintainable and has the ability to evolve 

through the years and following the users’ needs. The code must be documented at the end 

of the implementation to ensure the possibility of recovering from errors easily.  

 Security: The system must be secure to use and not have any vulnerability. The house is a 

precious asset that must be secured against any hacking attacks. Hence, I will assure that the 

protocols used for this system communication are unsusceptible from attacks.  

 Performance: The system implemented is expected to have a tremendous impact on the 

power usage performance by reducing the electricity wastage. Moreover, the smart home 

automation system should have positive performance regarding the task automation and 

device controlling.  

 Usability: Considering that, this system can be used by all ages, kids and adults, the system 

must be convenient to use by all the members of family.  
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Feasibility Study  

  Feasibility study refers to a study used to determine the reasonability of converting and idea 

or thought of a project to a real world example, and it is assuring that the proposal is attainable 

legally, economically, technically, and operationally [11]. Before, starting this project I evaluated the 

possibility of realizing this project considering my current knowledge and the available resources. 

This feasibility study helped to correct my focus on particular aspects, and appraise the success rate 

of this project. Considering that smart home automation system is a technical project, this feasibility 

study will focus thoroughly on the technical side, while assessing also the others aspects.  

 Technical Aspect 

  Regarding the technical assessment, I evaluated the technical resources required in this 

project against the available resources. From hardware perspective, this project required acquiring 

number of microcontrollers (Raspberry Pi and Arduino), along with wires and sensors. This 

hardware are not expensive to buy, but acquiring so many to build a real home system in not 

possible. Hence, I decided to buy only few microcontrollers and sensors to simulate a small smart 

home system. Moreover, the replication of smart home system noticeably requires the use of smart 

gadgets to synchronize the controlling, yet the purchase of such expensive appliances for testing was 

not possible. Additionally, the software required to create this project was Cloud, Database, real-

time graphing tools, Arduino IDE, XCTU. All these required tools can be found as open source 

tools; hence, it was feasible to work on this project while considering the minor constraints.  
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 Economic Aspect 

  The evaluation of this project economic feasibility asses the cost/benefit ratio. The cost of 

this project is about 2500 MAD to acquire all the microcontrollers’ kit along with the sensors and the 

wires. The cost seems affordable compared to the benefits that this project will have in the future. 

The smart home automation system will not only help to automate daily tasks, but it will also reduce 

the energy consumption. Additionally, it will help to curtail the waste of power and the Gas 

emissions. This project is not only profitably for the users, but for the entire planet as well.  

 Legal Aspect 

  The evaluation of this aspect requires the consideration of the legal implication of this 

project. The legal research indicates that this project would never conflict with any international or 

Moroccan laws. Hence, this smart home automation system is feasible from a legal perspective.  

 Operational Aspect 

  This evaluation includes an analysis that proves that this project would meet the 

requirements of the users. This analysis part can be found in results part.  

 Scheduling Aspect 

  This assessment was paramount for this project, considering that I had no knowledge about 

microcontrollers neither about the communication between Xbee. Hence, finding the right schedule 

was very crucial for this project, so I decided to start from September 2018 to leave for myself 

enough time to learn about microcontrollers and automation system before start working on this 

project in January 2019.   
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Software Architecture  

 Defining the architecture of this system is very important task because it will help to design 

the system efficiently. In this section, I will represent the detailed components of the entire system and 

describe the reasons behind the choice of each element form the architecture.  

Key components 

 Interactive System 

The central system of the smart home automation system will ensure the synchronization of all 

tasks that the homeowners would like to perform. It will mainly consist of an interactive web 

application providing set of services focusing on controlling, tracking and saving energy. The 

interactive interfaces available to be used by all family members wherever they are (job, school, etc.) 

Furthermore, it will be used on computer, tablets and phone to provide a high level of accessibility 

and controlling for all family members [12].  

 Central System 

The central node of the system will consist of Raspberry Pi charged with collecting data from 

all smart plugs and sensors around the house. Moreover, the gateway system will ensure the 

communication between the Cloud and the interactive application. In addition, central node will 

establish communication flow between the smart appliances and smart plugs to keep track of the 

energy performance around the house.  

 Smart Gadgets 

o Smart sensors 
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The house will be entirely equipped with set of sensors that will keep track of 

different parameters like (temperature, humidity, rain, water, light, flame, motion, etc.) This 

equipment will ensure the safety of the house for instance gas and flame sensors and will 

notify the user in case there is fire hazard or disruptive amount of gas inside the house, and it 

will start alarms to evacuate the house and assure the safety of the family members.  

o Smart plugs 

Smart plugs will  represent smart socket that will be plugged to the power outlet to 

feed the central node with information about the energy consumption, and it will help to 

plot interactive graphs to help the user to estimate the current energy usage.  

o Smart appliances 

This is set of smart equipment’s like Smart TVs, Smart washing machines, smart 

Frigs, Smart ovens, smart Air conditioners, etc.  

 Interactive System  

Smart home automation application is an interactive interface connected to non-computing 

devices around the house using smartphone, computers, and tablets. The smart home system 

application can vary widely between single-purpose and multi-purpose systems. The single purpose 

can be used to automate specifics tasks: lighting, heating, air conditioning, entertaining,   water 

sprinkling, etc. This system can be equipped also with sensors linked to the appliances to control the 

environment and alert problems [13].  

In the other hand, smart home multi-purpose system is a complex system consisting of 

multiple nodes connected to central hub. In some systems, the hub is the only essential elements and 

all other connected nodes can join the system incrementally. Yet, the hub must include essential 
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systems components: networking, and communication with the application. Some applications might 

also allow multiple members of family to set group of actions that will be performed collectively. For 

instance, the family can create a script called “Good morning” which will open the curtains, prepare 

coffee, and put music in the background. Another example is “Leaving home” which will lock the 

doors and put the security system on.  

Central System 

 The Raspberry Pi is a basic single-board computer with low power use and high capacity of 

processing; hence, it is suitable for an always-on system. Moreover, it is convenient with server 

communication and cloud storage 24/7. With the ascent of smart home automation system Raspberry 

Pi has been an advisable choice to implement huge amounts of projects  such as smart watering 

system, smart lightning, etc. This hardware requires only few components to start working with it: 

Raspberry Pi board, Smart Home System, SD card, power supply, and a case. The Raspberry Pi 

used for this project is Raspberry Pi 3, which is the most suitable for such system because it is the 

latest version of Raspberry Pi.  

Why Raspberry Pi? 

 Small Size: Raspberry Pi is known to be credit card size while having the capacity of a 

normal computing which is huge advantage for this system because the hub system will not 

occupy large space inside a house.  

 Low price: Raspberry Pi is considered cheap. A kit of Raspberry Pi 3 B+ costs 48.99$ in 

Amazon website, while acquiring the Raspberry Pi without gadgets cost 34.55 in Amazon. 

Having a low price will be tremendously beneficial to the designed system because it will 

allow creating efficient solution with the cheapest price.  
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 Server Cost: Gathering a set of Raspberry Pi to establish a server is more perceptive than 

an ordinary server.  

How do I use Raspberry pi? 

To start working with Raspberry Pi we first need to download the operation system called 

Debian. Then, the operating system is flashed to boot the Raspberry Pi. Then, it  starts initially with a 

welcome application that will guide the user through the initial setup. The Pi consists of many ports: 

 USB port:  Port used mainly to connect mouse, keyboard, and other I/O devices 

through a USB drive. 

 SD card slot: used to place the SD cared in it, and serves to boot the operating 

system software, and store local file. 

 Ethernet port: Port used to provide internet to the Raspberry Pi through LAN, but 

Wi-Fi is also an option for such Hardwar.  

 Audio jack: Port used to connect headphones and speakers; however, it is not used 

in this project setup. 

 HDMI port: This will be used to connect the Raspberry Pi to a tablet, fixed to wall, 

to display the smart home automation system to make the system accessible either by 

personal gadgets (tablet, smartphone …) or by central system in the house. 

 Micro USB port: this port will ensure the power supplying of the Raspberry Pi.  

 GPIO ports: These ports are the most important component of a Raspberry Pi, 

which will ensure the connectivity of devices and sending data for communication 

system (Xbee).  
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Figure 2 Raspberry Pi components 

Smart Gadgets: 

Arduino   

Arduinos are used as microcontrollers in this project to ensure the data collection and 

devices controlling. Arduino is qualified as microcontroller that has an open-source platform. The 

board of this hardware allows the reading of inputs coming from devices (sensor: light, rain, fire, etc.) 

Furthermore, the information received will allow the Raspberry Pi to decide on what to do and send 

the action back to another Arduino [14]. Moreover, this hardware relies on Arduino programming 

language and has Arduino Software (IDE).  

Arduino has been used intensively to create complex logical programs. An overall network of 

understudies, specialists, software engineers, and experts have assembled around this open-source 
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system, their commitments have meant an inconceivable measure of available information that can be 

of incredible help to tenderfoots and specialists alike [14]. Moreover, it has been known as an 

effortless tool for prototyping, adapting, and evolving used in IoT projects. 

 

Figure 3: Arduino Uno 

Why Arduino?  

 Cost: Arduino are reasonably cheap contrasted with other microcontrollers. The 

most affordable rendition of the Arduino module can be gathered by hand, and even 

the full kit collected Arduino module costs under $50. 

 Cross-Platform: The Arduino Software (IDE) has the ability to run on Windows, 

Macintosh, and Linux working frameworks contrasted with various microcontrollers’ 

frameworks that are constrained to Windows.  

 Simple: Arduino is anything but difficult to-use for novices.  
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 Open source:  Arduino is created as an open source instruments, accessible for 

evolvement and documentation by experienced developers. Moreover, the Arduino 

language can be extended using C++ libraries. The Arduino that I used for this 

system is Arduino Nano because it is a small Arduino and it is very cheap 

considering that the solution of this system should be commercially affordable.  

 

Figure 4Arduino Nano 

How to use an Arduino? 

Arduino is one of the easiest microcontrollers. You can work with it out-of-the box, the only 

thing needed is to install the IDE of the Arduino, which is portable on all platforms (Linux, Windows, 

Mac …). Moreover, it provides some example codes with their setup to help beginners to start 

simple projects.  
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Figure 5 Arduino IDE 

Xbee  

Xbee, created by Digi international, is an embedded module used as a “radio 

communication” between two devices by sending and receiving methods. A mesh communication 

protocol provides peer-to-peer communication with speed of 250 Kbps and a capacity of 2.4 GHz 

for data transfer with high throughput. In addition, it is composed from three main components form 

factor that deals with pin configuration, protocol, and interface which can handle different type of 

communication of 802.15.4, Wi-Fi, and ZigBee [14]. 
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Figure 6: Xbee 

Xbee vs ZigBee:   

I have chosen to work using Xbee in this project mainly because it has a wide range of 

protocol that I can use from including the ZigBee. While the ZigBee is strictly a mesh protocol that 

can use other protocols such as 802.15.4 IEEE standard, thence the ZigBee would restrict that type 

of communication establish between my projects’ nodes [15]. Furthermore, when the ZigBee 

support the Wi-Fi protocol it allows to have an Internet protocol characterized by an eminent data 

transfer rate 54MBps, yet it will cause a high power usage that is why I did not opt for such protocol 

because the Xbee will guarantee low power consumption (25% less) with a moderated data transfer 

rate. Along with the capability to establish a mesh for communication between the nodes of the 

network, this type of configuration allows an efficient communication between the router and the 

coordinator with less power consumption [15]. 

Why Xbee? 

 Small size: the size of the Xbee3 is very suitable for this project because it does not occupy 

a large space, and its compacted size will allow making the nodes used in the system invisible 

for the householders.  
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 Programmability: programming Xbee using XCTU is an easy task that allows the 

management and the setting of each Xbee device.  

 Security: Xbee is a secured system that ensures data privacy while exchanging information; 

also, it has 175 controls that ensure the security of the system while facing cyber threats.   

How to Use Xbee?   

To work with Xbee, we first need to download XCTU and connect the Xbee explorer to the 

computer to start the configuration. One of the nodes of the system should be set as a coordinator by 

setting the CE file, the baud rate to 9600 and save the changes to the Xbee. To set the Xbee as a 

router, we do the same thing but we set the CE fil to be a router [16].  

 

Figure 7 XCTU environment 
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Sensors 

Sensors are modern electronics that are set of tools used to detect the occurrence of certain 

events. A Sensor transforms environmental parameter (temperature, rain, humidity, light, etc.) into 

digital signals that can be quantitatively measured [17]. Temperature sensor relies on mercury in glass 

thermometer that can shrink or extend depending on the environment to reflect on the room 

temperature.  

                                                              

Figure 8 Collection of sensors 

Why Sensors?  

 Accuracy: Sensors have a great level of accuracy once they are calibrated.  

 Cost: The cost of the sensors used in my smart home automation system does not exceed 

200 MAD in total. Yet, I did not have the opportunity to buy many sensors that might be 

interesting for householder due to budget reasons.  

 Real-time processing: using sensors allows the system to make decisions in real-time like 

turning the light on and off depending on the level of the light in room, or turning the fire alarm 

once the fume sensor detects fire.   

How to use sensors? 

 Temperature and Humidity sensor:  



24 

For temperature and humidity sensors, I have used DHT22 as a low-cost digital sensor. It 

uses capacitive and thermistor to measure temperature and humidity in house by sending digital 

signals through digital pins [17]. It is simple to use and helps the user to keep track of the humidity in 

order to make decisions for turning the heater or the air conditioner. This sensor has been used to 

make graphs to track the readings. The setup of this sensor is very easy by linking the V pin with 3V 

power and the data pin to the digital pin depending on the code used with the Arduino.  

                                          

Figure 9 DHT 22 

 

 Current Sensor:  

Current sensor is a sensor that calculates the electric current going through a wire by simply 

sending signals corresponding to that current [18]. Each device that is on can use this sensor. The 

current sensor might output the signal in both alternating and direct current input. The purpose of this 

sensor is to provide the user with a global idea about the power consumption by adding the total of 

the current used in house and convert it to power unit.  
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Figure 10 Current sensor 

 Flame Sensor:  

Flame sensor is a sensor designed to detect the occurrence of fire, and the system created will 

ensure to notify the user and release fire alarms. It is an important component of my system that will 

assure the safety of the house and the family members. This sensor can be coupled with gas sensor to 

ensure health safety. 

                                                                           

Figure 11: Flame sensor 

 Rain Sensor: 

A rain sensor is an exchanging gadget activated by precipitation. There are two central 

applications for downpour sensors. The initial one is used for water preservation gadget associated 
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with stopping the irrigation system depending on the amount of rain that occurred. The second is a 

gadget used to shield the house to protect it from the rain and closing the windows.  

      

Figure 12: Rain Sensor 

Home automation system can accommodate an incremental number of sensors depending on 

the requirements of the client and the type of needs of householders. I have used some example of 

sensors just to demonstrate their usefulness and their ability to provide comfort, security, and 

efficiency in the smart Home Automation System.  

Interconnection  

After presenting the pillar of this system, we need to explain how the elements of smart home 

system interconnect with each other to deliver high quality service for automating and controlling the 

house. Ensuring the connectivity between components of the system is the hardest part [21]. Building 

independent microcontroller for Raspberry Pi and the Arduino is an easy task, nevertheless, when 

we try to make the gateway communication with the Arduino node, it is a hard task. Moreover, the 

communication between the hub and the cloud is also a critical task to ensure. Hence, I decided to 

describe, in the following section, how the communication between the hardware was set along with 

all the software that has been chosen to work with in this system.  
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Figure 13 System Architecture 

The main hardware that provides a user interface for controlling devices (actuators) and 

sensors is Raspberry Pi3, which is a 32-bit of Quad Core equipped with 1GB RAM and 

BCM43438 LAN. This gateway equipment will provide controlling to the appliances of devices 

using a code written in C++. This code is used to send digital signals to the Arduino Node. The 

signal can have many forms depending on the action required to be achieved. For turning, a light on 

the Raspberry Pi will send a digital signal through a router Xbee. The Xbee of the Arduino, in its turn, 

will catch the signal and take the decision. If the signal is zero, it will turn the light off. If it is one, it 

will turn the light on. If it has another value, it will not do anything. Furthermore, the Raspberry Pi 

might be waiting for receiving data from sensors. Let us take the example of sensor DHT 22, this 

sensor send the temperature and humidity in the house every 12 hours.  

 The data collected from the sensors will be processed by the database to create some real-

time graphs. Then, the data received will update the web interface through a TCP/IP communication 
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and Internet transmission protocol. Further, the data collected will be sent to a cloud to store all the 

information related to the house performance.  

 The Raspberry Pi plays the role of the principal conductor of orchestra by coordinating the 

actions of the Arduino, receiving data from sensors, managing the database, and the communication 

with the cloud. More than that, the Raspberry Pi will ensure the energy saving through running power 

optimization algorithm, and the code of this algorithm will be explained further in the report. The goal 

of this algorithm is to choose the most suitable time in which it will reduce the bill. For instance, if the 

user requests to wash the cloths before 7pm, the algorithm will choose the most suitable time to 

perform this task while guarantying that it will not waste a lot of energy.  

Design 

  Design is a paramount step in software engineering process that helps to convert the 

requirements into a convenient model that would guide the programmer in the coding process. The 

output of the design can be directly used in the implementation steps because it simplifies the solution 

and provide details in software aspect [22].  

  Class Diagram  

  Class diagram in UML is a model that describes the system structure through specifying the 

interconnection between the framework classes, methods, and attributes. The main purpose of this 

class diagram is to show the classes of smart home automation system while highlighting the nature of 

relationships and behaviors of each object.  

The figure below contains a class diagram structure of smart home system that describes the 

structural and behavioral aspects of this project. The structural properties define the attributes of the 

class and the features of each of them while the behavioral delineates the functions achieved by each 

class.  
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  Data Model 

  Data model refers to the information stream between the different levels of the system. It is 

used to indicate the interrelationships between different components of the system. Additionally, 

it enhances the transmission between the business and the technical perspective by simplifying the 

transitions [24].  

Algorithms  

 This smart home automation system includes a huge variety of codes and algorithms used for 

sensors, actuators, communication, network, etc. These examples of code will be provided in the 

appendices to illustrate the mechanism of this system. Furthermore, the system consists of two parts: 

automation algorithm and energy algorithm. The design part was divided into writing pseudo-code for 

the energy part and controlling.  

Energy saving   

Algorithm Background 

According to Smart Home automation system and energy saving, moderating the use of 

energy does not imply saving cash for the householders only, but it aims to bring down the demand 

on the power and reduce ozone damage. Morocco is following a strategy of making the consumers 

aware of energy consumption using the concept of “Time of Use” that has the cost of energy 

depending on the time of use and rate. Consequently, using a demand response program would help 

clients of smart home system to curtail their energy consumption over the peak period. This specific 

implementation of this program is considered as creative cost-effective for house owners. Handling 

the demand response issue is challenging because it requires the employment of various data 

parameters(for example Peak Demand Threshold, Peak Demand Power, Number of appliances, 

schedule, etc.)  



31 

 This demand response algorithm has been implemented as a part of smart grid, but adding it 

to personal smart homes is a rare practice. The concept is about increasing the rate of energy use, 

which implies the increase of the bills as an incentive to manage the demand on the energy and 

reduce consumption. For example, the peak time in Morocco in April is six to eleven PM, and since 

the demand escalates excessively, which threatens the ability to supply all the requesters with 

electricity, the rate increases. Briefly, this smart home automation system will ensure that the users 

will not use the energy in peak times, except for extreme conditions, to assure the gain of the 

system’s clients and the provider side by reducing the demand.   

 The program developed is following the Moroccan policy and assure to avoid the use of 

washing machines, dishwashers, and other machines during peak time. The user will provide the 

deadline to perform tasks, and the system will ensure to do it within that deadline, but with the best 

use of the demand knowledge. This option will help the client to automatically regulate their energy 

consumption, by letting the washer and dryer running early morning and dishwasher running 

overnight, and air conditioner turned off in the peak hours. 

 This project will  reply on demand response algorithm to ensure energy saving, This is a well-

known algorithm, and it  will solve the issue of planning for tasks. It is the most optimized solution 

that could be found for smart grid; furthermore, it will help to extend the project lately from smart 

home system into smart grid system. However, this program emphasizes that the clients should have 

a high level of flexibility to ensure the maximum energy saving. A customer that requires having his or 

her clothes ready by 8 AM is different from one that makes the request at 7 PM to be ready at 9 

PM. In this case, even if the system tries to optimize the schedule, the time limit given falls in the peak 

hours so no energy would be saved in this case.  



32 

Algorithm Approach  

The Knapsack is a conventional algorithm in this particular context. We have N elements; the 

Knapsack solution tries to combine items together to acquire the extreme all out esteem. Every 

element has weight and value. In such a way, the greatest weight that the Knapsack can combine is 

already constrained by a fixed limit W. This type of solution has two categories: “Fractional” and “0-

1 Knapsack.” The demand and response solution relies on the last type of solution, yet solving for 

this kind of problem might requires brute force. Thence, creating a solution intended for power 

scheduling, is about picking the necessary device to satisfy their needs while handling other objectives 

that includes energy saving and cutting cost of bills. Hence, this knapsack algorithm will help to pick 

the right devices and defer other appliances for other deadlines depending on the flexibility of the 

user, and the algorithm will compare the power demand request with the available time [25]. 

 

Figure 14: Power-scheduling algorithm 

 To know how to tackle this problem, I have formulated the problem in Knapsack problem 

with zero and one. This first trial to solve this problem was to consider giving a hierarchy for 
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appliances based on the consumer’s deadline and based on the hierarchy a value will be given to 

each  and using zero-one knapsack  we will maximize the value of appliances used while not  

exceeding a limit of energy.   

 

The greed type of this algorithm might be considered as a solution by searching the optimal 

combination of appliances. Yet, the internal mechanism of this algorithm is not very optimal can might 

be a very complex solution. In addition, it might take time to ensure the choice of the best 

combination of devices that’s why I did not opted for such solution and look for other solutions that 

must be optimal [25]. Hence, I have decided to work with DP instead of brute force to solve this 

problem. Figure 15, is representing a pseudo-code followed in this solution of power saving.  
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Figure 15Knapsack using DP 

Automation Algorithms 

 Concerning the automation side, the algorithm varies widely depending on the sensors or the 

actuators. However, the concept is very similar to all of them with need GPIO port for sensing, so 

we just need to digitally read from them and, based on the digital input, we take the decision on the 

action that is needed to be performed.  
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Figure 16: Example of code for flame sensor 

 From Figure 17, we just notice that we receive information from the flame sensor that it is 

linked to pin 12 based on the information. The code makes the decision. If it is one, then a flame is 

detected and the buzzer must be on while if nothing is detected, the buzzer is kept off and we send 

this information to the buzzer through pin 8. 
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Technology Enablers 

Tools 

  Smart home automation system includes different tools that vary between  

automation, control, and energy. This project implementation included the use of cloud, database, 

graphing tools, etc.  

The first tool is the Arduino IDE. I have used the updated version Arduino 1.8.7. This tool helped 

me to upload scripts to the Arduino easily without trouble. Furthermore, this tool helped to learn the 

first notions about Arduino by providing examples that can be uploaded directly to the Arduino, and 

perform testing.  

  The next tool that I have used is the operating system of Raspberry Pi: Debian. This 

operation system has been a very important tool because it helped me to manipulate the operations 

intended to be performed by the gateway. Furthermore, I had to use a real graphing tool to plot the 

data accumulated from the DHT 22 sensors and current sensors. For this part, I have chosen not to 

use an already-designed tool. Instead, I have decided to create my own tool. The reason behind this 

choice is my desire to create a commercial solution for smart home system, so all the tools that I had 

opted for were open source solutions. However, for real time graphing, all the tools were not suitable 

for the system that I am creating. The tool that I have created combined matplotlib and scripting. 

Accordingly, I have created a script that runs in the background periodically to collect data and 

update the graph.  

  Besides, another important tool is the communication hardware between the Raspberry Pi 

and the Arduino, which is the Xbee. This tool was used for sending and receiving from the Arduino 

to the Pi. This tool is very crucial for this system and without it we cannot build such project. 
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Moreover, managing the communication between the Raspberry Pi and the Arduino was very 

challenging. This issue of communication took me about 2 months because of lack of documentation 

and information.   

  Another important tool that was needed for this system is wires and breadboards. This 

project was relying heavily on the hardware aspect by making the setup of the system using wires 

and breadboards. 

  Concerning the languages used for this system, the languages are C++ and Python for 

coding the programs used by the Arduino and the Raspberry Pi while the implementation of the web 

page required the use of CSS, HTML, and JQuery.  
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Platforms 

  Technological department of AUI provided the platform used to host the website, and the 

platform will provide user space for householders to manage the smart home system. In addition, a 

server can be used to host the data for the cloud. However, I have opted for Google Cloud, as an 

option for hosting the database because of its compatibility with sqlite3. 
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APIs 

  API is defined as the set of tools and methods used to build a software system. In this 

section, I will cite different mechanism regarding the libraries, framework, operating system,  web, 

etc. Regarding the operating system, I was relying on a main OS installed for the gateway, which is 

the Debian. The server also has a Debian platform to host the instructions to be executed by the 

Raspberry Pi.  

  Wide ranges of libraries were included in the system some of them were intended to help 

with the sensors and actuators, so they were included directly by the Arduino. Furthermore, the 

system gateway used libraries to include the graphing tools and the database library to manage the 

real-time graphing. Besides, the Xbee libraries downloaded and included in the Arduino platform 

were very useful component for the communication. 

  Concerning the web API, this system ensures the interaction between the user and the 

smart home system using HTTP protocols along with JSON.  

 

 

 

 
 

 

 



41 

Implementation 

Below in figure 18, we can see the node of motion sensor that is used as an example of node 

implemented within the system. This type of node can ensure various functions. For instance, it can 

be used to ensure the security of the house by releasing an alarm if the householders are traveling and 

someone entre the kitchen. Then, this alarm is on and a notification will be sent to the house owners. 

Besides, this node can be used also to ensure the energy saving by not leaving the lights on if no one 

entre the room within 10 min. Additionally, it can be used to lighten the hall for a limited period once 

it detects the presence of motion.  

 

Figure 17 Motion sensor 

 The figure 18 represents a node responsible for controlling lights. This node makes use of a 

relay that is receiving a message from the Raspberry Pi to put the device on or off. This node is one 
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of the main important elements because it is confirming the ability of the system to control electronic 

devices such as TV, washing Machin, AC, etc. I did not have the possibility to try this system on 

such machines, but working with relays made controlling very easy by opening and closing the 

current.  

 

Figure 18 Controlling Light 
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 The figure below is showing the example of system architecture by displaying two nodes that 

are used for different purposes. One is used for sensing, and the other one is used for controlling 

devices while they are both relying on Xbee for maintaining their communication. 

 

Figure 19 Two nodes: one sensing and the other for controlling 
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 The figure 20 is an example of sensing node that is receiving information from the DHT 22 

sensor used for measuring the level of humidity and temperature. Then, this information is sent to 

Raspberry Pi to collect data about the temperature and humidity. The following graphs show the level 

of data and humidity after plotting them. This node is very important because it can be used as 

thermostat that controls the cooling and the heating system in smart home, and it will save a lot of 

money for the users. 

 

Figure 20: LCD screen showing the temperature and humidity level 
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 Figure 21 is showing a picture of combined nodes that can be used in this system. The 

communication going between the nodes of the system can be either used to collect data from 

sensors or to control devices like light.  

 

Figure 21: Combined nodes 
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The figure shows the request for a particular devices and how it is scheduled to be done at 3 am. 

 

Figure 22: Submitting a request to do a task 

 

 

 

Figure 23: Time scheduled for such event 
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Results 
  I am personally proud of the results achieved by this system. The system can effectively 

control and communicate information to the user, and it can schedule tasks efficiently. The effort 

invested in this project is definitely worth it. However, to estimate the power saved from this system is 

a challenging task considering that all the simulations done on this system were using a light bulb, so the 

energy saved cannot be really calculated because it is not simulating the environment of a house.  

 Studies has shown that a smart thermostat can save up to 219$ per year, a smart washing 

machine can save 45$, smart dishwasher will save 34$, smart light bulb can save up to 11$, smart plugs 

saves 200$. Smart sprinkler saves 134$ per year, and smart motion detector saves 167$ per year with a 

total of 810$ dollar of saving [26]. The estimated average bill for an American citizen is 

3,052$ which is an economic saving of 24.721% which is tremendously important for an investment in 

system that might cost less than 800$ to acquire it.  

 Considering the Moroccan context, the ministry of energy declared that the average bill for the 

majority of Moroccans is 382.97, 3600 DH, if we assume that this system will save 25 % of the bill, 

then the saved money for the householders will be estimated as 91.2$, 884.64 MAD. Moreover, if the 

system was used for 20 years it will save 17,698MAD.  

 Even though the scheduling algorithm and the simulation cannot be tested in real life, the entire 

system performs the task that was required to fulfill. Furthermore, it is able to effectively control 

devices and receive information from the user. In my opinion, the system is considered successful.  
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Future Work 

 Even though the system fulfills all the tasks required, the system can be definitely optimized 

and migrated servers available for online users. Furthermore, the database has been migrated 

partially to a cloud, but the actual Raspberry Pi used in the system was using local database because 

retrieving from the cloud was time consuming. Moreover, the server should be in Debian OS to 

make use of the Raspberry Pi libraries easily. Additionally, the system is very flexible to 

accommodate more nodes that will provide additional functionalities.   

AI for Energy Saving 

 Artificial intelligence is an opportunity to optimize the energy scheduling in an effective way. 

A realistic example of an Artificial Intelligence system is Google Deep Mind that was relying on AI to 

reduce the power consumption up to 15% [27]. The initial step is developing an AI system by 

making an early training system using models created for learning and building portfolio. Afterward, 

the system will analyze the different set of behaviors and the possible optimal strategies to follow, yet 

the output of this step might be extremely unpredictable. Eventually, the AI system will try to improve 

its behavior through the models, and in the last stage, the system must be able to choose the strategy 

that matches the map of the perfect power usage.   

Smart Grid 

Once the scheduling system is enhanced, and the system becomes more optimal. One can 

consider connecting several houses together and making the scheduling available for many houses. 

This task is considered to be challenging, but it will help to propagate the benefits of Demand 

Response Smart house over a large scale. 
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Conclusion 

 Working on this project was a real pleasure because it a challenge. Before starting to work 

on this project, I had no knowledge about Raspberry Pi, Arduino, Sensors, and Xbee. Hence, 

making this system is a personal achievement demonstrating my ability to learn new technologies and 

implement them in a limited time. Moreover, working on this system required a good knowledge in 

electrical circuits because I had to perform numerous wirings to build the nodes. Additionally, the 

documentation available about Xbee communication is very low. It was very challenging to establish 

this kind of communication line, and this caused a huge delay in the implementation of this system. 

Fortunately, after solving this issue and creating documentation, I am planning to leave a documented 

framework to help AUIers and other students to research deeply in smart home automation system 

without struggling with the communication.  

 This project could have never been achieved without the support of my advisors, Dr. 

Mhammed Chraibi, Dr. Ahmed Khallaayoun, my family, and my friends.  
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Appendix A  Code for generating data form DHT22 and the current sensor  

#include <dht.h> 

#include<Wire.h> 

#include<LiquidCrystal_I2C.h> 

#include <XBee.h> 

 

dht DHT; 

 

#define DHT11_PIN 2 

 

const int analogIn = A0; 

int mVperAmp = 185; // use 100 for 20A Module and 66 for 30A Module 

int Raw Value= 0; 

int ACSoffset = 2500;  

double Voltage = 0; 

double Amps = 0; 

// create the XBee object 

XBee xbee = XBee(); 

 

uint8_t payload[] = { 0, 0 ,0 }; 

 

// SH + SL Address of receiving XBee 

//XBeeAddress64 addr64 = XBeeAddress64(0x000000000, 0x000000000); 

XBeeAddress64 addr64 = XBeeAddress64(0x0013a200, 0x4154ea84); 

 

 

 

LiquidCrystal_I2C lcd(0x27,16,2); //set I2C Address as 0x3F 

 

void setup() { 

 

Serial.begin(9600); 

 

lcd.begin(); 

 

xbee.setSerial(Serial); 

 

Serial.println("Temperature and Humidity Inteface"); 

 

 

} 
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void loop() { 

int chk = DHT.read11(DHT11_PIN); 

 

int hum =DHT.humidity; 

 

 

int temp = DHT.temperature;; 

 

lcd.setCursor(0, 0); 

 

lcd.print("Temp: "); 

 

lcd.print(temp); 

 

lcd.print("C"); 

 

lcd.setCursor(0,1); 

 

lcd.print("Humidity: "); 

 

lcd.print(hum); 

 

lcd.print("%"); 

 

Serial.print("\nCurrent Temperature: "); 

 

Serial.print(temp); 

 

Serial.print("C"); 

 

Serial.print("\nCurrent Humidity: "); 

 

Serial.print(hum); 

 

Serial.print("%\n"); 

 

Raw Value = analogRead(analogIn); 

 Voltage = (Raw Value / 1024.0) * 5000; // Gets you mV 

 Amps = ((Voltage - ACSoffset) / mVperAmp); 

 Serial.print("Raw  Value = " ); // show s pre-scaled value  

 Serial.print(Raw Value);  

 Serial.print("\t mV = "); // show s the voltage measured  
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 Serial.print(Voltage,3); // the '3' after voltage allow s you to display 3 digits after decimal point 

 Serial.print("\t Amps = "); // show s the voltage measured  

 Serial.println(Amps,3); // the '3' after voltage allow s you to display 3 digits after decimal point 

 

 

 

 

payload[0] = temp;  

payload[1] = hum; 

payload[2]= Amps; 

ZBTxRequest zbTx = ZBTxRequest(addr64, payload, sizeof(payload)); 

ZBTxStatusResponse txStatus = ZBTxStatusResponse(); 

xbee.send(zbTx); 

 

delay(2500); 

} 
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Appendix B  Code for using light and motion sensor  

#include <XBee.h> 

 

/* 

This example is for Series 2 XBee 

Receives a ZB RX packet and sets a PWM value based on packet data. 

Error led is flashed if an unexpected packet is received 

*/ 

 

XBee xbee = XBee(); 

XBeeResponse response = XBeeResponse(); 

// create reusable response objects for responses w e expect to handle  

ZBRxResponse rx = ZBRxResponse(); 

ModemStatusResponse msr = ModemStatusResponse(); 

 

int statusLed = 12; 

int errorLed = 12; 

int dataLed = 12; 

 

int ledPin = 12; 

int pirPin = 9; 

int val = 0; 

 

char *convert(uint8_t *a) 

{ 

  char* buffer2; 

  int i; 

 

  buffer2 = malloc(9); 

  if (!buffer2) 

    return NULL; 

 

  buffer2[8] = 0; 

  for (i = 0; i <= 7; i++) 

    buffer2[7 - i] = (((*a) >> i) & (0x01)) + '0'; 

 

  puts(buffer2); 

 

  return buffer2; 

} 
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void flashLed(int pin, int times, int w ait) { 

     

    for (int i = 0; i < times; i++) { 

      digitalWrite(pin, HIGH); 

      delay(w ait); 

      digitalWrite(pin, LOW); 

       

      if (i + 1 < times) { 

        delay(w ait); 

      } 

    } 

} 

 

void setup() { 

  pinMode(statusLed, OUTPUT); 

  pinMode(errorLed, OUTPUT); 

  pinMode(dataLed,  OUTPUT); 

   pinMode (ledPin,OUTPUT); 

     pinMode (9, INPUT); 

   

  // start serial 

  Serial.begin(9600); 

  xbee.begin(Serial); 

  Serial.println("Printing..."); 

  flashLed(statusLed, 3, 50); 

} 

 

// continuously reads packets, looking for ZB Receive or Modem Status 

void loop() { 

  val = digitalRead(pirPin); 

  digitalWrite(ledPin,val); 

    xbee.readPacket(); 

    Serial.println("--------> Here is: "); 

    Serial.println(rx.getData(0)); 

    String myString = String(rx.getData(0)); 

    delay(100); 

    Serial.println("xxx This is string : "); 

    Serial.println(myString); 

    delay(1000); 

    if(rx.getData(0)== 48){ 

      Serial.println("OFF"); 

      digitalWrite(13, LOW); 
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      } 

    if(rx.getData(0)== 49){ 

      Serial.println("ON"); 

       digitalWrite(13, HIGH);  

      } 

 

        if (xbee.getResponse().isAvailable()) { 

      // got something 

       

      if (xbee.getResponse().getApiId() == ZB_RX_RESPONSE) { 

        // got a zb rx packet 

         

        // now  fill our zb rx class 

        xbee.getResponse().getZBRxResponse(rx); 

             

        if (rx.getOption() == ZB_PACKET_ACKNOWLEDGED) { 

            // the sender got an ACK 

            flashLed(statusLed, 10, 10); 

        } else { 

            // w e got it (obviously) but sender didn't get an ACK 

            flashLed(errorLed, 2, 20); 

        } 

        // set dataLed PWM to value of the first byte in the data 

        //analogWrite(dataLed, rx.getData(0)); 

      } else if (xbee.getResponse().getApiId() == MODEM_STATUS_RESPONSE) { 

        xbee.getResponse().getModemStatusResponse(msr); 

        // the local XBee sends this response on certain events, like association/dissociation 

         

        if (msr.getStatus() == ASSOCIATED) { 

          // yay this is great.  flash led 

          flashLed(statusLed, 10, 10); 

        } else if (msr.getStatus() == DISASSOCIATED) { 

          // this is aw ful.. flash led to show  our discontent 

          flashLed(errorLed, 10, 10); 

        } else { 

          // another status 

          flashLed(statusLed, 5, 10); 

        } 

      } else { 

        // not something w e w ere expecting 

        flashLed(errorLed, 1, 25);     

      } 
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    } else if (xbee.getResponse().isError()) { 

      //nss.print("Error reading packet.  Error code: ");   

      //nss.println(xbee.getResponse().getErrorCode()); 

    } 

    if (val == 1){ 

   digitalWrite(ledPin,LOW); 

  } 

  

} 
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Appendix C  Code for using smoke and rain sensor with a buzzer  

const int sensorMin = 0;     // sensor minimum 

const int sensorMax = 1024;  // sensor maximum 

int flame_sensor = 4; 

int buzzer = 11; 

void setup() { 

  // initialize serial communication @ 9600 baud: 

  Serial.begin(9600);   

  pinMode(buzzer,OUTPUT); 

    pinMode(flame_sensor, INPUT); 

} 

void loop() { 

  // read the sensor on analog A0: 

  unsigned char i,j; 

  //0000000000000000000 

    int flame_detected = digitalRead(flame_sensor); 

  if (flame_detected == 1) 

  { 

    Serial.println("Flame detected...! take action immediately."); 

    digitalWrite(buzzer, HIGH); 

  } 

  else 

  { 

    Serial.println("No flame detected. stay cool"); 

    digitalWrite(buzzer, LOW); 

  } 

  //000000000000000000000 

  // map the sensor range (four options): 

  // ex: 'long int map(long int, long int, long int, long int, long int)' 

    int sensorReading = analogRead(A0); 

  int range = map(sensorReading, sensorMin, sensorMax, 0, 3); 

   

  // range value: 

  sw itch (range) { 

 case 0:    // Sensor getting w et 

    Serial.println("Flood"); 

      for(i=0;i<200;i++) 

        { 

        digitalWrite(buzzer,HIGH); 

        delay(2);//w ait for 1ms 

        digitalWrite(buzzer,LOW); 
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        delay(2);//w ait for 1ms 

        } 

    break; 

 case 1:    // Sensor getting w et 

    Serial.println("Rain Warning"); 

    for(i=0;i<200;i++) 

        { 

        digitalWrite(buzzer,HIGH); 

        delay(2);//w ait for 1ms 

        digitalWrite(buzzer,LOW); 

        delay(2);//w ait for 1ms 

        } 

    break; 

 case 2:    // Sensor dry - To shut this up delete the " Serial.println("Not Raining"); " below . 

    Serial.println("Not Raining"); 

    break; 

  } 

  delay(1000);  // delay betw een reads 

} 

 


